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Introduction

By letter dated December 2, 1976 (Reference 1), Florida Power Corporation
(the licensee or FPC) submitted to the NRC a plant-specific analysis in
support of the reactor vessel overpressure mitigating system (OMS) for
Crystal River Unit 3 Nuclear Generating Plant (CR-3). The analysis was
supplemented by letter dated February 17, 1979 (Reference 2) and other
documentation submitted by FPC (References 3, 4, 5). FPC has installed

the equipment and incorperated the procedures described in this report.
Hence, this report summarizes past efforts by the licensee, vendor, and NRC
staff.

Currently license condition 2.C.(6) of the operating license for CR-3 requires
the installation of a Tong-term means of protection against reactor coolant
system overpressurization pricr to restart from the current outage.

NRC staff review of all information submitted by FPC ip support of the
proposed overprassure mitigating system is complete and has found
that the system provides adequate protection from overpressure tran-
sients. A getailea safety evaluation follows.

Sacxground

Over the last few years, incidents identified as pressure transients
nave occurred in pressurized water reactors (PWRs). This term ‘pressure
transients,” as used in this report, refers to events auring which

the temperature pressure lTimits of the reactor vessel, as shown in

the facility Technical Specifications, are e:ceeded. All of these
ingidents occurred at relatively low temperature (less than 200°F)
where the reactor vessel material touahness (resistance to

prittlie failure) is reduced.

The "Tecnnical Report on Reactor Vessel Pressure Transients” in

NUREG 0138 (Reference 5) summarizes tne technicai consigerations

relevant to this matter, discusses the safety concerns ana existing

safety margins of operating reactors, ana descrides the regulatory

actions taken to =solve tnis issue Dy reaucing the likelincog of

futyre p-essure transient events at operating reactars. A prief

d1s5Cuss.on 1s presented here. \ O PN
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Vessal Characteristics

Reactor vessels are constructed of high quality steel .ade to rigid
specifications, «nd fabricated and inspected in accurdance with the
time-proven rules of the ASME 3ciler and Pressure Vesse! Code. Steels
used are particularly tough at reactor operating conditions. However,
since reactor vessel steels are less tough and cuuld possidbly fail in
a brittle manner if subjected to high pressures at low tamperatures,
power reactors have always operated with restrictions on the pressure
allowed during startup and shutdown operations.

At operating temperatures, the pressure allowed Dy Appendix G limits
is in excess of the setpoint of currently installed pressurizer coge
safety valves. However, most cperating PWRs did not have pressure
relief devices to prevent pressure transients during cold conaitions
from exceeding the Appendix G limit.

Requlatory Actions

8y letter dated October 1, 1376 (Reference 7), the NRC requested that
©PC degin efforts to design and install plant systems to mitigate the
cansequences of pressure transients at low temperatJures. [t was also

, _quested that operating procedures De examined and administrative
changes bDe made to guard against initiating overpressure events. [t
was felt by the NRC staff that oroper administrative controls were re-
quired to assure safe cperation for the period of time prior to instal-
lation of the proposed overpressure mitigating haradware.

FPC responded (Reference 1) with information describing measures to
prevent these transients along with some aiscussion of proposed haraware.
The proposed hardware change was to install a low pressure actuation
setpoint an the existing pressurizer pilot operated relief valves (PORVs).

Acditional NRC staff concerns were expressed in letters to FPC dated

Novemper 13, 1378, January 7, 1977, ana Novemper L1, 1977 (References 3,
3, 10). FPC responde¢ to these concerns in References 2 and 4. The
correspondence focused on system design criteria discussed delow.

Jesign Criteria

Through this series of meetings and correspengence with PWR vendors
ane licensees, we developed a set of criteria for an acceptable
overpressyre mitigating system. The dasic criterion is that the
mitigating system will preveat reactor vessel pressures in excess of
those allcwed Dy Appendix G. Specific criteria for system performance
are:
1) Operator Acticn: No credit can be taken for operator action for
ten minutas artar the operator is aware of a transient.

2) Sirgle Failure: The system must.De designed to relieve the Jressure
transient given a single failure in aadition to the failure that
initiateq the pressure transient.
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Testabilitx: The systen must be testanle on a periodic basis con-
Sistent with the system s employment.

Seismic and I[EEE 279 Criteria: ldeally, the system should meet
seismic Lategory . ana (:zif 279 criteria. The basic objective is
that the syste~ should not be vulneradle =2 a commen failure that
would both in (iate a pressure transient and disable the overpres-
sure mitigating system. Such events as 10ss of instrument air and
loss of offsite power must de considered.

We also instructed the licensee to provide an alarm which

monitors the pesiticn of the pressurizer relief valve isolatiecn
valves, along with the low setpoint enabling switch, %o assure that
the overpressure mitigating system is properly alignea for shutdown
conditions.

Licensees ware informed that their proposed mitigating systems wera

L0 meet these criteria for the most adverse of hypothesized scenarios,
that is, the largest mass or heat addition which could occur at the
specific plant. While administrative procequres were to de employed

to reduce the propbability of an fnitiating event, aaministrative
procecures were not to De employed in liey of haraware modi ficaticns.
These haraware modifications were to provide sufficient relief capacity
to mitigate the most adverse scenario.

L was recognized that these criteria wers of a general nature and
-Nat exceptions would de required as individual reviews progressed.
(Se= Section 3.1 Evaluation.)

Jesign Sasis Zvents

The incidents that have cccurred tC date nave peen the ~esylt of
Sperator errors or equioment failures. Two varietias of pressure
transients can De icentified: a mass imut type from charging
pumps, safety injection pumps, safet ajection accumulators; and
d Neat adoition type wnich causes the. al 2xpansicn from sourcas
SUch as steam jenerators or decay neat.

Onl. one overpressurs avent at low temperature (during nydrostatic :es:L has
oc.urred at a 3abcock and Wilcox (3&W) nuclear supplied steam system [NSSS
The mest common cause of overcressure transients to cdata has been isolation

of the latdown patn. We have identified the most 1imiting mass input
transient to De inadvertent injection by the largest safety injection pump.
The mest Timiting thermal expansion transient is the start of a reactor
coclant pump with 3 large temperature difference Setween the water in the
reactor vessel anad the water in the steam generator.
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FPC has provided an evaluation of:

a. Erronecus actuation of the High Pressure Injection (HPI) system.

b. Erroneous opening of e core flood tank aischarge valve.

¢. Erronecus addition of nitrogen to the pressurizer.

d. Maceup control valve (makeup to the Reactor Coolant System (RCS)) fails full open
e. Al pressurizer heaters erroneously energized.

f. Temporary loss of the Decay Heat Removal (DHR) System's capability
to r-move decay hezt from the RCS.

g. Thermal expansion cf RCS after starting a reactor coolant pump (RCP) due to
stored thermal enerzy {in the steam generator.

System Description

The OMS consists of active ind passive subsystems. The active
subsystem 15 simply the mocification of the actuation circuitry

of the existing electrical PORV to provide dual setooints, a n-rmal

or 1 setpoint of 2450 psig and a low pressure setpoint of 550 psig.

W Dressure setpoint is emploved when the RCS is below 280°F. This system
, manually enabpled. An alarm will function should the operat =
frail to enable the system. An alarm has also Deen installed Lo
monitor the position of the pressurizer relief dlock vaive, RC-VZ.
The passive subsystem consists of the introduction of a nitrogen
blanket at the op of the pressurizer. The reactor is operated
auring heatup and cooldown with a steam or nitrogen puobie. The
bubble functions as a mechanical! damper. This subsystem is part
of the original 3&W cesign.

System tvaluation

The CR-3 OMS is both recundant and functionally diverse. The plant,
by virtue of a gas (nitrogen cr steam) dDlanket in the pressurizer
and the relatively small size, and hence heat capacity, of the once
through steam generators, is not susceptidle to nheat adaition tran-
sients. The plant is never cperated in a water solid congition.

In contrast, the OMS of a Westinghouse or Compustion Zngineering
NSSS consists of two relief valves with independent low

setpoint actuation circuitry. The two trains are identical, i.e.,
not diverse. (It is noted the diversity although desiradble was
never an NRC staff des’'~n criteria.;, These systems are susceptibie to
neat addition transien.s. These systems are operated in a water
solid condition. ‘



FPC has suomitted analyses of the desigr  .es events shown in
Section 2.4 (Reference 2). We accept th-.. analyses.

These analyses show that, in the event of a postulated mass adaition,
actuation of the relief valve will limit RCS pressures to the relief
valve setpoint and hence below Appendix G limits. Should the relief
valve fail closed, or actuation circuit=y fail, the system pressure
would continue to increase. wWith the erception of postulated nigh
pressure safety fnjection, the nitrogen dubble in the pressurizer
will provide at least ten minutes, and in some cases substantially
longer time, for operator action. The analyses also show that in

the event that decay heat removal was lost, more than 29 minutes
would pass pefaore the relief valve setpoint would be reached. Postu-
lated RCP starts with steam generator secondary

water temperature greater than primary water temperature will not
result in RCS pressure increases to the relief valve setpoint value.
Hence, CR-3 is not considered susceptidle %o overpressure transients
due to inadvertent heat addition.

System pressure overshoot, that is, increase of primary coolant |
pressure after pressure reaches the low setpoint value, does not
occur on B4W NSSS due to the rapid action of the electrical PORV

and the relatively slow rates of pressure increase due to the nitrogen
blanket in the pressurizer.

The CR-3 OMS is tolerant of seismic events. FPC nas perfaormed

analyses for the pilot assemoly coanection pipe assuming seisaic |
motion of 3.0 horizontal and 3.0 vertical. The actual valve

meets Class | requirements. Testing with simulated seismic loadings

Nas not deen performed. This was noct a requirement at the time the

plant was designed and constructed. Even if it is assumed that the

valve, connection pipe, or actuation circuitry, failed aue to a

seismic event, the nitrogen dlanket in the pressurizer would provige

protection for postulated low temperature overpressure events.

“he system is testable and is to De tested prior to use. The PORY
15 t0 De tested each shutaown.

The system dces not strictly meet LEZE279 criteria. The dasic opjec-
tive of this criterion, preventicn of common mode failure, is met dy
virtue of the subsystem diversity

For all pestulated neat addition transients and for all mass adgitions
other than inadgvertent hign pressure safety injectior, the CR-3 OMS
» 2ts single failure and operator action criteria.

In the event that the largest possidle mass addition were o occur,

one HP[ train, actuation of the relief valve would terminate the transient.
Should this valve fail, the RCS pressure would exceed system pressure in
four to five minutes (depending on the initial system conditions). Hence,
for this postulated event, the system does not meet single failure/operator
action criteria. For lesser mass addition rates, in the event that the
relief valve failed, the pressurizer pubble would act as a pressure damper
providing more than ten minutes for operator action.
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In contrast, the OMS of a Westinghouse or Compustion Engineering

i i that
i11 (with specific olant exceptions), assuming :
ziisi€“:ne Q;o relief valves or associated circuitry were to fail,

tsrminate this transient.

' be
Administrative controls to mitigate HPI must '
found acceptaple or additional nhardware installed. Both cptions

were considered and are discussed below.

A makeup/charging pump is run to provide RCS main coolant pump seal water.
Actuation of a HPI train consists of opening a HPI motor operated.valve,
MOV, permitting flow from the makeup/charging pump to the RCS. Circuit
breakers for the closed HPI MOVs are “racked out" and "tagged” during
plant cocldown., With the motor operator “racked out”, flow through

the valve would represent a passive failure and need not De con-
sidered. One must insure that these valves are closed when HPI is

not needed without decreasing the propadility that they can De

opened when HPI 1s needed.

Inadvertent HP safety injection is of interest during ccoldowns

from approximately 280°F to 130°F. The licensee has estimated that
the time during the six typical cold shutdowns a year the

RCS is betwe these temperatures is approximately one

and one-nalf nours. Above this temperature, the vessel can withstana
higner pressures. GSelow this temperature the RCPs and, hence, the
operating makeup/charging pump which supplies seal water to the RCP
would be shutdown. In order to initiate an event it would then be
necessary to: (1) inadvertently turn on the makeup pump(s), and (2
inadvertently open a HPI valve(s). The pumps and valves are Both “racked
nut."

To preclude HPI in the temperature range of 280°F to 150°F, the licensee
must "rack out" the HPI isolation valve circuit breakers with the valves
in their normally closed position. HPI pump operation within this range
is still necessar; for makeup and RCP seal flow. .

In order %o insure that the operator "racks out” the #P[ vaives, tne
licensee has installed an alarm %0 alers the operator if the RC§
;gmoeracure s Delow 280°F ang the valves nave not peen "rackeq out.*
ditn power o the valve metor operators, the valves would open on a.
sarety injection actuation signal. This signal is dypasseq auring
normal cepressurization at a pressure of 1750 psig. Fatlure to
follow this procesure will also result in an alar.

faraware mogifications were aiscussed with F2C ana other 34w NSSS
11censeesT Metropolitan Eadison Company sudbmitted several options
dnd associited costs (Reference 1l). while actual plant moaifica-
ticns and COosts weouid vary amongst licensees, it is pelieveq that
these options are -epresentative of possidle naraware modifications.

Options considered include: modification of tne DHR

system, modification of the makeup ana purification system, aaaition
of a secong pressure relief valve on the pressurizer. Thesé ac':grs
were estimated to cost $200,000 to $400,000. These cptions 1n';~cﬁce
adaitional safety concerns. o



Relief capacity adaition to tae OHR system

is only of value with respect to low temperature cverpressurization
when the OHR is aligned. 1his system is automatically Dlocked at

an RCS pressure of 284 psig. Modification of the system would re-
quire modification of the OHR autoclosure interlocks. Spurious
failure of these modified interlocks would increase the probability
of primary breaks ocutside of containment. Installation of relief
and block valves downstream of the HP! valves (that is, modification
of the makeup system) would increase the propability that HPI, if
required, would be impaired.

Hence, although these hardware modifications would comply with the
letter of our guidelines, they are not considered necessary. Admin-
istrative controls supplemented Dy the single pressure relief train,
and pressure and level indication and alarms are considered a suitadle
and acceptable alterrative.

Credit for administrative controls is consistent with past NRC staff
actions. We have permitted a manually enabled system, creait for
dblocking safety injection actuation signal, creait for successfully
dlocking cne of two high pressure safety injection trains, and cregdit
for dDlocking accumuiator injection. On Combustion Engineering and
destingnouse NSSSs we have assumed administrative control

of the primary to secondary differential temperature for heat aadition
analyses. For B&W NSSS, we have assumed that the nitrogen

bubble will be established (a manual procedure) and that the initial
pressurizer level will bDe cuntrolled. '

Administrative Controils

To supplement the hardware modifications and vo limit the magnitude

of postulated pressure transients to within th? ocounds of the analysis
proviged by the licensee, a defense in cepth aporoach is adopted using
procedural and administrative controls. Specif'c condgiticns requiread
to assure that the plant is operated within the dounds of the analysis
are gescrided delow.

Pracadures

A numper of provisions for prevention of pressure i1ransients are
incorporated in the plant operating procequres.

1) The CMS is to de manually 2nabled when the reactor coolant
system temperature is less than 280°F. The lcw pressure
setpoint is 350 »sig. An alarm will sound if the cperator
fails to enadle the system. This recuirement is %0 De in-
corporated in the plant Technical Specifications. An alarm
will also De actuateg if the cperator closes the PCRY isclation
valve and tne RCS temperaturc i35 dDelow 280°F.
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2) The plant is to be operated with a steam or nitrogen dlanket
in the pressurizer auring plant cooldowns and nheatups. The
initial pressurizer water level is to De less than or equal to
the high level alarm at system pressures above 100 psig and
less than the high high level alamm for pressures less than
or equal to 100 psig.

3) The makeup tank water level is to be less than the hign level
alarm.

&) Core Flood Tank gischarge valves are %0 de closed and circuit
breakers for the motor operators “racked out” during plant
cooldown defore the RCS pressure is decreased to 700 psig.

The valve positions are also alarmed. This is normal procedure.

5) HPI MOVs are "racked out" during plant cooldown prior to reaching
280°F system temperature. Power to these valves is also alarmed.

Extensive use of alarms insures that the operator is aware of
vital plant conaitions outside the bounds of those assumed in
the safety analysis. The operator must take corrective action
to clear these alarms. Overpressurization of tne vessel mignht
only occur if an initiating event was coincident with ignering
these alarms.
4

6) Testing of APl pumps during shutdown will only de performed

with the vessel n~ad removed.

Wz fina that the nrocedural and administrative contrals descrihed are
acceotable. )

Tachnical Specifications

To 2nsure operation of the Tow temperature overpressure mitigating
system, and decrease the protability that an initiating svent which

w111 challenge the system occurs, FPC has propesed (Reference 5)

to incorporate cperability requirements of the pressurizer relief

valve in the plant Technical Specifications. Whi'le operability require-
ﬂents.for the relief valve are necessary, we have determined that i
auci;xgna?_?ecnnica? Soecifications are also necessary. These
§:ec3f1catxon§ would require that plant parameters, such as pressurizer
(evel, are maintained within the limit assumed in the analyses and plant
1n§;ruments, Sucn as pressurizer level instruments, are operablie when
reiiel upon Dy operators to maintain parameters within specified 1imits.
Therefore, thg proposed Technical Specification is not sufficient. 8y
letter 3atea,uu1y 3, !9?9, the Ticensee has committed to propose changes
S the Technical Specifications to address the concern discussed above
within 30 days.
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As noted previously, the licensee will make the HPI isolation valves
inoperable for automatic and remote manual operation when below 280CF
(Mode 4, 5 ani 6). Currently Technical Specification 3.5.3 requires that
one HPI pump an< flow path be operable during Mode 4. Table 3.3-3 in

the Technical Spevifications further defines this requirement as the
capability to manually initiate HPI during Mode 4.

“Racking out" the pover supply to the HPI isolation valves still allows
manual initiation of HPI by "racking in" the breakers and then cperating
the valves. However, this requires operator action outside .he control
room. We have independently verified that in the unlikely event of a

loss of coolant accident which does not depressurize the reactor coolant
system such -hat low pressure iniection is functional, the operators have
adequate tim (greater than 30 minutes) to initiate high pressure injection.
This assumes .2 credit for make-up flow.

Based on the above, we conclude that “racking out" the power supply breakers
to the high pressure injection valves in Mode 4 is acceptable. We will
add a note to Technical Specification 3.5.3 to clarify this requirement.

Conclusion

The administrative controls and hardware changes proposed by FPC provide
srotection for CR-3 from pressuie transients at Tow temperatures by reducing
the propbability of initiation of a transient and by limiting the pressure of
such a transient to below the Timits set by Appendix G. We find that the
overpressure mitigating system is acceptable as a long-term solution to the
sroblem of overpressure transients and satisfies the raquirements of license
condition 2.C.(8).

Juring its review the NRC staff identified certain featurec which, although
not necassary for satisfactory operation ¢f the OMS, would be beneficial in
the avent a pressure transient occurs at low temperature. These additional
features would provide direct indication that the transient was in pgrogress
and snsyre that the transient was recorded for later evaluation. In its
letter of June 27, 1979, the licensee proposed to implement the following
modifications by the end of the next scheduled refueling outage.

1) A pressure alarm with a setpoint below that of the PORV setpoint to give
the operator dir ~t indication of a low temperature pressure transient
in progress and . ¢ the RCS pressure is on a trend that might exceed the
PORY setpoint (530 psig).
2) Recorder(s) to ccntinucusly record RCS pressure and temperature. This will
orovide a permanent record of all low temperature pressure transients.
Pressure recorders with a capability in the range of 100 psig per second
recording are being investigatad.

We find these proposed mod;fications provide the Senefits discussed above
and the schedule for ‘mplementation is acceptadie.
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gnvirgnmental Consideration ’

We have determined that the amendment does not authorize 3 change

1n ef¥luent types or total amounts nor an increase in power level

and will not result in any significant environmental impact. Having
mace this determination, we have fur her concfuded that the amendment
involves an action which is insignificant from the standpoint of
envircnmental impact and, pursuant to 10 CFR §51.5.d)(4), that an
environmental impact statement, or negative declaraticn anc enviren-
mental impact appraisal need not be prepared in connecticn with the
issuance of this amendment.

we have concluded, based on the considerations discussed above, that:
1) bevayse the amendment does nct involve a significant increase in
the protability or consequences ¢f accidents previcusly considered

nd does not involve a significant decrease in a safety margin, the
amencment does not invelve 2 significant hazards considsration, (2)
there is rezsonable assyrance thzt the health and safety of the public
will not be endangered by cperaticn in the proposed manner, and (3)
such activities will be conducted in compliance with the Commission's
regulations and the issuance of this amerdment will not be inimical

to the cormen defense and sacurity or to the health and safety of

the public.

catsd:  July 3, 1979
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