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P. O. BOX 013100, MIAMI, FL 33101

~ ~6=;=

FLORIDAPOWER & LIGHTCOMPANY

April 13, 1978
L-78-129

e

Director of Nuclear Reactor Regulation
Attention: Mr. Victor Stello, Director

Division of Operating Reactors
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Mr. Stello:
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Re: St. Lucie Unit 1
Docket No. 50-335
Proposed Amendment to
Facilit 0 eratin License DPR-67

~%ILIIrtmI(',Cm Ftx tmw

In accordance with 10 CFR 50.30, Florida Power 6 Light Company
submits herewith three (3) signed originals and forty (40) copies
of a request to amend Appendix A of Facility Operating License
DPR-67.

The proposed amendment, which addresses the operability and
surveillance of the St. Lucie Unit 1 Overpressure Mitigating
System (OMS), is described below and shown on the accompanying
Technical Specification pages bearing the date of this letter
in the lower right hand corner.

Pacae 1-6

New Specification 1.29 is added to define the "LOW
TEMPERATURE RCS OVERPRESSURE PROTECTION RANGE".

Pa e 3/4 1-8

A note is added to Specification 3.1.2.l.b to limit
the establishment of a high pressure safety injection
pump flow path under certain conditions.

A note is added to Specification 3.1.2.3 to limit, the
establishment of a high pressure safety injection pump
flow path under certain conditions.
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Mr. Victor Stello
Page Two

April 13, 1978
L-78-129

Pa e 3/4 4-58

New Specifications 3.4.12 and 4.4.12 are added to
incorporate a limit on the maximum primary-to-secondary
differential temperature that is permitted prior to
starting a reactor coolant pump.

Pa e 3/4 4-59

New Specifications 3.4.13 and 4.4.13 are added to
incorporate new requirements on the operability of
power operated relief valves.

Pa e 3/4 5-7

Specifications 3.5.3 and 4.5.3 are revised to incorporate
requirements on the positioning of certain safety
injection valves.

Pa e B 3/4 4-14

A new page is added to provide the bases for new
Specifications 3/4.4.12 and 3/4.4.13.

This submittal has been prepared in response to a December 23, 1977
letter from Mr. Don K. Davis, Acting Chief, Operating Reactors
Branch 2, which required that we address the subject of Technical
Specifications pertaining to our Overpressure Mitigating System.
Since the proposed Technical Specification changes 'are being sub-
mitted at the behest of the Commission, this amendment falls in
the category described by Footnote 2 of 10 CFR 170.22 and is
therefore exempt from the facility license amendment fee schedule.
Four other NRC concerns (in addition to the Technical Specification
concern) that were expressed in the December 23 letter are also
discussed in the attached safety evaluation. The safety evaluation
provides the requisite analysis of Overpressure Mitigating System
operation.

The proposed amendment has been reviewed by the St. Lucie Facility
Review Group and the Florida Power & Light Company Nuclear Review
Board. They have concluded that it does not involve an unreviewed
safety question.

Very truly yours,

Robert E. Uhrig
Vice President

REU:MAS:sl
Attachment

cc: Mr. James P. O'Reilly, Region II
Harold F. 'Reis, Esquire
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COUNTY OF DADE
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D. Schmidt, being first duly sworn, deposes and says:

That he is Vice President
Light Company, the licensee herein;

of Florida Power G

That he has executed the foregoing document; that the state-
ments mad in this said document are true and correct, to the
best of his knowledge, in ormation, and belief, and that he is
authorized to execute the document on behalf of said L'censee.

A. D. Schmo'. t

Subscribed and sworn to before me this
~/day o 19 '7~

NOTARY UBLIC, in an for he County of Dade,
State o Florida
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DEFINITIONS

REACTOR TRIP SYSTEM RESPONSE TIME

1.26 The REACTOR TRIP SYSTEM RESPONSE TIME shall be the time interval
from when the monitored parameter exceeds its trio setpoint at the
channel sensor until electrical power is interrupted to the CEA drive
mechanism.

ENGINEERED SAFETY FEATURE RESPONSE TIME

1.27 The ENGINEERED SAFETY FEATURE RESPONSE TIME shali'e that time
interval from when the monitored parameter exceeds its ESF actuation
setpoint at the channel sensor until the ESF equipment is capable .of
performing its safety function (i.e., the valves travel to their
required positions, pump discharge pressures reach their required
values, etc.). Times shall include diesel generator starting and

'equenceloading delays where applicable.

'HYSICS

TESTS

1.28 PHYSICS TESTS shall be those tests performed to measure the
fundamental nuclear characteristics of the reactor core and related
instrumentation and 1) described in Chapter 14.0 of the FSAR, 2)
authorized under the provisions of 10 CFR 50.59, or 3) otherwise
approved by the Cottmission.

LOW TEMPERATURE RCS OVERPRESSURE PROTECTION RANGE

1.2 9 The LOW TEMPERATURE RCS QVERPRESSURE PROTECTIVE RANGE is that operating
condition when (1) the cold ieg temperature is ( 275'F and (2) the reactor

'oolantsystem has pressure boundary integrity; . The reactor coolant system
does not have pressure boundary integrity when the reactor coolant system is
open to containment and the minimum area 'of the reactor coolant system
opening is greater chan $ .75'squa=e inch=s.

ST. LUCIE - UNIT 1 4/13/78



REACTIVITY CONTROL SYSTEtiS

3/4.1. 2 BORATION SYSTEMS

FLOW PATHS - SHUTDOlN

LIMITING CONDITION FOR OPERATION

3.1.2.1 As a minimum, one of the following boron injection flow paths
and one associated heat tracing circuit shall be OPERABLE: ..

a. A flow path from the boric acid makeup tank vi~ either a
boric acid pump or a gravity feed connection and charging
pump to the Reactor Coolant System if only the boric acid
makeup tank in Specification 3.1.2.7a is OPERABLE, or *

The flow path from the refueling water tank via either a

charging pump or a high pressure safety irijection pump~to
the Reactor Coolant System if only the refueling water
tank in Specification 3.1.2.7b is OPERABLE.

APPLICABILITY: MODES 5 and 6.

ACTION:

With none of the above flow paths OPERABLE, suspend all operations
involving CORE ALTERATIONS or oositive reactivity changes until at least
one injection path is restored to OPERABLE status..

SURVEILLANCE RE UIREtlENTS

4.1.2.1 At least one of the above required flow paths shall be demon-
strated OPERABLE:

a At 'least once per 7 days by:

'. ,Cycling each testable Dower operated or automatic valve
in the flow path required for boron injection through at
least one complete cycle of full travel, and

2. Verifying that the temperature of the heat traced portion
of the flow path is above the temperature limit line
shown on Figure 3.1-1 when a flow path from the boric
acid makeup tanks is used.

*When the RCS temperature is less than 165~F, the flow path from
the RWT to the RCS via the HPSI pumps shall only be establishedif the reactor coolant system pressure boundary integrity does

-not exist, or if no charging pump is operable.-

'ST. LUCIE UNIT 1 '3/4 1-8 4/13/78



REACTIVITY CONTROL SYSTEMS

CHARGING PUMP — SHUTDOWN

LIMITING CONDITION FOR OPERATION

3.1.2.3 At least one charging pump or one high pressure safety
injection pump~in the boron injection flow path required OPERABLE our-
suant to Specification 3.1.2.1 shall be OPERABLE and capable of being-
powered from an OPERABLE emergency bus.

APPLICABILITY: MODES 5 and 6.

ACTION:

With no charging pump or high pressure safety injection pump OPERABLE,
suspend all operations involving CORE ALTERATIONS or positive reactivity
changes until at least one of the required. pumps is restored to OPERABLE
status.

SURVEILLANCE REQUIREMENTS

4.1.2.3 At least the above required charging pump or high pressure
safety injection pump shall be demonstrated OPERABLE at least once per
31 days by:

a. Starting (unless already operating) the pump from the control
room»

b. 'erifying pump operation for at least 15 minutes, and

c. Verifying that the pump is aligned to receive electrical
power from an OPERABLE emergency bus.,

'Whenthe RCS temperature is less than ]65 F, -the flow--path
from the RWT to the RCS via the HPSI-pumps shall be established —-
only if the reactor coolant system pressure-boundary integrity
does not. exist~ or'f no charging pump-is operable.

ST. LUCIE - UNIT 1 3/4 1-12 4/13/78



REACTOR COOLAtlT SYSTEh)

REACTOR COOLAilT PUl<P - STARTING

Llt<ITItlG COHOITIOH FOR OPERATION

3.4.12 If the steain generator temperature. exceeds the'rimar'y temperature by more
than 45 F reactor coo'lant pump(s) shall not be started unless the pressur>zer
liquid level is less than 40%.

APPLICASILITY: YiODES 4g and'5.

ACTIOH:

If a reactor coolant pump is started vhep the st:earn generator temperature exceeds
primary temperature by more than45 F a--'he pressurizer liquid level exceeds
40'A, evaluate the subsequent transient to. determine compliance v:ith Specifica-
tion 3.4.9.1.

SURVEILLANCE PE UIREYiENTS

4.4.12 Prior to starting a reactor coo'lant pump, verify either that the st'-earn genera
temperature does not exceed pririary temperature by more than45 F or that a
pressurizer bubble is drawn and the pressurizer level is equal to or less than
40%.

:-"Reactor Coolant System Cold Leg Temperature is less than 275 F.

l
ST ~ LUCRE UNXT 1 3/4 4-58 4/13/78



REACTOR COOLANT SYSTEH

POWER OPERATED RELIEF VALVES

LINITING CONDITION FOR OPERATION

'3.4.13 Two power operated relief valves (PORV's) shall be OPERABLE, with their
setpoints selected to the low temperature mode of operation.

APPLICABILITY: YrODES 4< and 5*.

ACTION

'a)

With less than two'PORV's OPERABLE and while at Hot, Standby during a planned
cooldown, both PORV's will be returned to OPERABLE status prior to enter ing
the applicable NODE, unless:

1) The repairs cannot be accomplished within 24 hours or the repairs
cannot be performed under hot conditions, or

2) Another action statement requires cooldown, or

3) Plant and'ersonnel safety requires cooldown to Gold Shutdown.

With less than two PORV's OPEPABLE, the plant will proceed to Cold Shutdown
with extreme caution.

(b) With less than two PORV's OPERABLE while in COLD SHUTDOWN, both PORV's will
be returned to OPERABLE status prior to startup.

SURVEILLANCE RE UIRENENTS

4.4.13 The PORV's shall =be verified OPERABLE by:

a) Verifying the isolation valves open when the PORV's are reset to the
low temperature mode of operation.

b) Performance of a CHANNEL FUrNCTIONAL TEST of the Peactor Coolant System
overpressurization protection system circuitry up to and including .

the relief valve solenoids once per refueling outage.

c) Performance of a CHANNEL CALIBRATION of the pressurizer pressure sensing
channels once per 18 months.

;-Peactor Coolant System cold leg temperature below 275'F.

«'PORV's are not required at Reactor Coolant System temperatures belowlg5 P when„
all HPSI pumps and respective injection or header isolation valves ar'e disable'd
and if a pressurizer bubble is formed wi th a pressurizer liquid level less than.„or
equal to 40". PORV's are also not required below 140'F when RCS does not have
pressure boundary integrity.

ST. LUCXE — t;Nzy 3/4 4- s9
4/13/78



EHERGENCY CORE COOLING SYSTEMS

ECCS SUBSYSTEMS - T < 300 F
av

LIHITIHG CONDITION FOR OPERATION

3.5.3 As a minimum, one ECCS subsystem comprised of the following shall
be OPERABLE:

a. In NODES 3" and 4, one ECCS subsystem composed of one OPEPABLE high
pressure safety injection pump and one OPERABLE flow path capable
of taking suction from the refueling water storage tank on a safety
injection actuation signal and automatically transferring suction to
the containment sump on a sump recirculation actuation signal.

b. Prior to'decreasing the reactor coolant system temperature below
a maximum of only one high pressure safety injection pump

1s to be OPERABLE with its associated header stop valves open.

c. PUB@ to decreasing the reactor coolant system temperature below
] 65 F .all high pressure safety injection pump will be disabled
and their. associated header stop valves closed.

APPLICABILITY: MODES 3*, 4P,, and 5.

ACTION:

a) !.'ith no ECCS subsystems OPERABLE in MODES 3* and 4, immedia.ely restore one)
ECCS subsystem to OPERABLE status or be in COLD SHUTDO! N within 20 hours.

b) With RCS temperature below 215 F and with more than the allowed high pressure
0

safety injection pumps OPERABLE or injection valves and header isolation valves
open; immediately disable. the high pressure safety injection pump(s) or close
the header- isolation valves.

c) In the event the ECCS is actuated and injects water into th Reactor Coolant
System,a Special Report shall be prepared and submitted to the Commission
pursuant to Specification 6.9.2. within 90 days describing the circumstances
of the actuation and the total accumulated actuation cycles to date.

SURVEILLANCE REOUIR MENTS

4.5.3.1 The ECCS subsystem shall be demonstrated OPERABLE per the applicable
Surveillance Requirements of 4.5.2.

..5.3.2 The high pressure safety injection pumps shall be verified inoperable
and the associated header stop valves closed prior to de-.
creasing belov the above specified Reactor Coolant System temperature and onc
per month when the Peactor Coolant System is at refueling temperatures.

«Mith pressurizer pressure < 1750 psia.
;-':REACTOR COOLANT SYSTEM cold leg temperature below 275'F.

ST. LUCIE - UNIT 1 3/4 5-7 4/13/78



R""CTOR COOLANT SYSTEM

0

BASES

3/4.4.12 REACTOR COOLANT PUt<P - STARTING AND 3/4.4.13 PO(tER OPFRATED RELIEF VALYES

The low temperature reactor coolant system overpressuxe mitigating, svstem is
provided to prevent PCS overpressurization above the 10CFR50, Appendix G, operating
limit curves (Figure 3.4-2b or 3.4-2c, as applicable) at RCS temperatures be1ow
275'F. The RCS overpressurization system is based on the use of the pressurizer
pover-operated relief valves ( I->-5402 6T.-V'-j40)) for the design basis mass
injection transient, and the formation of a 60~ pressurizer bubble by volume
for the design 'basis energy addition transient. For the case when no pressurizer
steam bubble is formed, protection against, the design basis energy addition
transient is derived by limiting the secondary-to-primary temperature differential
below5p P. The operability of the RCS overpressurization protection system >jill
only be required during periods of heatup and cooldown below RCS temperatures
below 275'F and periods of cold shutdown when the RCS has pressure boundary
integrity.

ST ~ LUCIE — UNIT j B 3/4 4- 14
4/l3/78



ANALYSIS OF

OVERPRESSURE MITIGATING SYSTEM (OMS)

ST. LUCIE UNIT NO. 1

April 13, 1978
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I. SYSTEM DESCRIPTION

The Overpressure Mitigating System (OMS) for St. Lucie Unit 1 uses
the pressurizer power operated relief valves (PORV's) with a variable
low pressure set point as the pressure relief mechanism. The variable
low set point is energized and de-energized from the main control
board through the PORV normal mode selector switch. The PORV normal
mode selector switch has three positions, normal set point (2335 psig),
variable low set point and override.

The variable low pressure set point for the OMS is derived from the
reactor coolant system (RCS) wide range temperature using redundant
transmitters. The reactor coolant pressure signal is obtained from
redundant low range pressure transmitters.

Various alarms are included in the OMS. An alarm alerts the operator
to energize the variable low set point when either RCS pressure or
temperature decreases to below its set point. This alarm will not
clear unless the PORV mode selector switch is in the low set point
position and the NOY's upstream of the PORV's indicate "open". This
assures proper alignment of the OMS. When both RCS pressure and
temperature exceed specified set points, an alarm alerts the operator
to return the PORV's to their normal set point. This alarm will not
clear unless the PORY mode selector switch is moved from the low set
point position. If the reactor coolant pressure comes within 25 psi
of the variable low pressure set point, an alarm will alert the

'perator of pending PORY actuation. Should the reactor coolant pressure
exceed the variable low pressure set point, an existing alarm will
inform the operator that the PORY's have received a signal to open.

Figure 1 is a functional representation of the OMS.



II. DESIGN BASIS

The Overpressure Mitigating System was designed to mitigate mass input
and heat input induced transients while the plant is in cold shutdown
with a water solid pressurizer. The transients result from a single
failure caused by either an equipment failure or operator error. In
addition, a single failure was assumed within the OMS; therefore, only
one of the two PORV's in the OMS was assumed operable for the d'esign
basis analysis. The expected OMS operation with both PORV's operable
was also analyzed.

The following overpressurization mass input events were considered.
1. Inadvertent mismatch of charging and letdown flow.
2. Inadvertent start of a single High Pressure Safety Injection

(HPSI) pump;

3. Inadvertent Safety (SI) actuation.

. A review of past industry experience indicates that the most common
mass input initiated overpressure transient is a loss of letdown with
continued charging. In most of these cases, letdown was lost due to
isolation of the shutdown cooling loop while letdown was being taken
from the shutdown cooling system for solid plant control. At St. Lucie,
letdown is independent of shutdown cooling; therefore, the probability
of this transient is significantly reduced. However, loss of air or

~ operator error could potentially result in loss of letdown. Inadvertent
mismatch of charging and letdown is accommodated for in the St. Lucie

- OMS design. Because of the low capacity of a charging pump (44 gpm),
this was not a limiting transient for the design. Additionally, it
should be noted that the PORV's at St. Lucie do not require air to
operate. Loss of air may cause a loss of letdown, but it will not
impair the OMS.

The remaining mass input initiated transients experienced throughout
industry to date were the result of abnormal actuation of portions of
the safety in'jection system. One event resulted from an operator in-
advertently starting a safety injection pump with flow aligned to the
reactor coolant system. The remaining events were initiated by opening
of the accumulator isolation valves.

In the design of the OMS for St. Lucie, inadvertent operation of a
single HPSI pump was considered. Inadvertent SI events considered
included actuation of two HPSI pumps with all three charging pumps,
actuation of a single HPSI pump with three charging pumps, and
actuation of three charging pumps when all HPSI pumps are disabled.
The Low Pressure Safety Injection (LPSI) pumps and SI accumulator
tanks are not considered. as contributing SI mass inputs since the
LPSI pump shut-off head and SI tank design pressures are below P-T
limits.

-2-



Among the few past events attributed to the heat input, five of the
events reported were those in which an unacceptable temperature
differential was allowed to develop in the reactor coolant system,
generally due to insufficient mixing. When a reactor coolant pump
was started, the cooler volumes of reactor coolant circulated around
the system and were heated in the steam generators. These heat input
events are self-limiting in that the temperatures eventually equalize.
Past experience had indicated that the magnitude of the pressure
transient is not great. The only. other heat input event resulted
when heat was removed from the coolant and the temperature fell below
the minimum allowable temperature for the coolant pressure being
maintained.

In the design of the OMS for St..Lucie, the following overpressurization
energy input events were considered:
1. Decay heat addition due to shutdown cooling system isolation;
2. Inadvertent pressurizer heater input; and

3. Energy input from the steam generator secondary to the primary
coolant subsequent to operation of a reactor coolant pump (RCP)
when the steam generators are at a higher temperature than the
reactor vessel inventory.

For all mass input >and heat input events considered, overpressurization
analyses were performed in the following manner:

1. The worst case overpressurization events were determined;
2. The effectiveness of low setpoint PORV's to terminate an over-

pressurization event were evaluated.

The accompanying report by Combustion-Engineering, Inc. (CE) discusses
the water solid system mass and energy input analyses, the models used,
and the analysis which. investigated the effect of low setpoint PORV
discharge.

In addition to the above performance criteria f'r the OMS, the NRC has
recommended additional design criteria. The following is a listing of
these criteria and a description of how they have been incorporated in
the St. Lucie OMS design:

~OA
The OMS is designed to automatically perform its intended function
for at least 10 minutes without operator action.

2. Sin le Failure Criteria
The OMS provides complete redundancy and meets the design objectives
assuming a single failure in the OMS. One of the two PORV's provides
the required relief capacity for the OMS; the second PORV provides
redundant capacity. The OMS set points and RCS pressure signals
are derived from redundant temperature and pressure transmitters.
Two enable/disable switches are installed on the main control board.
The installation of the OMS is in accordance with the separation
criteria used in the design of St. Lucie Unit 1. From instrumentation
through the PORV's, power supply is maintained in two separate trains.



3. ~Tbi 1 i

Adequate testing is provided by assuring that an input signal
operates the PORV solenoid pilot con-
trol, In conjunction with the above, a channel functional test
of the associated instrumentation and control hardware will be
conducted once per cold shutdown to confirm the design logic.
Valve testing and frequency will be conducted consistent with
the applicable. requirements of ASHE Code Section XI - Subsection
IMV. Instrumentation surveillance will be performed using the
same methods and schedule followed for safety-related instru-
mentation.

4. IEEE-279 Criteria

The ONS meets the intent of IEEE-279. The OMS is designed against
single failure, is electrically separate, and, as appropriate,
maintains physical separation throughout the circuitry. In addition,
testing of ONS operability prior to the need for operation is
included to enhance system reliability.

S. Seismic Criteria

The seismic design of equipment presently installed will be maintained.
The PORV's were designed and manufactured with ASHE Boiler and Pressure
Vessel Code Section III and are Class I valves. Additional electronic
equipment is installed so as not to compromise the present seismic
qualification of existing safety systems.



III., SETPOINT SELECTION

Figure 2 show the selected setpoints for the OHS plotted with the
reactor coolant system pressure temperature limitations for 0 to 10
years of full power operation (Figure 3.4-2D of the St. Lucie Unit 1

Technical Specifications). Below an RCS temperature of 160 F the
PORV setpoint is a constant 465 psia. Above 160'F the PORV setpoint
follows the HPT cooldown curve, with 75 psi between the PORY setpoint
and the cooldown curve. At a reactor coolant temperature of 275'F,
high temperature interlock removes OMS from service. This interlock
provides assurance that the OMS will not be inadvertently actuated at
power. This RCS temperature is the highest temperature anticipated
for OMS operation. (The isothermal pressure limit at 275 F is .

approximately 1800 psia, which is well above the shutoff head of the
HPSI pumps.)

The accompanying CE report (Section 4.0) shows that, in combination
with administrative controls, the setpoints chosen provide assurance
that reactor vessel HPT limits will not be exceeded. The OMS with two
PORV's operable provides adequate relief capability for all postulated
mass and heat events without administratively limiting 'the temperature
differential between the steam generator and reactor coolant system
or disabling nonessential components. Various alarms are also included
in the OHS. These alarms inform the operator to energize or de-energize
the OMS and alert him if reactor coolant pressure is approaching the PORV

variable low setpoint. Setpoints for the various alarms are as follows:
1. "Select RCS Low Range Operation" alarm

PRCS < 400 psig or T < 275 F

2. "Select RCS Normal Range Operation" alarm

PRCS > 425 psig and T > 275'F

3. "Pressure Relief Valve Anticipatory Alarm"

PORV setpoint - 25 psi

-5-



IV. AOMIN ISTRATIVE CONTROLS

As part of the interim overpressure mitigating system solution, St. Lucie
has been operating with conservative administrative controls to decrease
the potential for low temperature overpressurization. These controls
include the disabling of non-essential components and minimizing the
dT between the steam generator and the RCS. These conservative controls
will be continued as part of the final overpressure mitigating system
solution. The accompanying CE report recommends administrative controls
that are necessary to provide adequate overpressure mitigation assuming
a single failure in the OMS. Technical specifications are proposed (See
Section VI) to assure that these necessary controls are exercised.

With both PORV's operating as designed, no administrative controls are
required to provide adequate overpressure mitigation.



SCHEDULING

The hardware and procedures described were implemented at St. Lucie
Unit 1 prior to December 31, 1977 as the interim overpressure mitigation
system. This submittal and the accompanying CE report provide the information
required by NRC to qualify the interim system as the final solution for
low temperature overpressurization. All interim measures are retained
in this final solution. Proposed technical specifications are included
with this submittal to provide assurance that all conditions for
overpressure mitigation are met.



VI. TECHNICAL SPECIFICATIONS

The following technical specifications are proposed to provide
assurance that all conditions for overpressure mitigations at
St. Lucie Unit 1 are met. These specifications address the
following:
l. Operability and surveillance of the OMS with action requiredif any OMS components are found inoperable.
2. Disabling of non-essential mass 'input components.

3. Limitation on the maximum dT between steam generator and
RCS prior to starting a reactor coolant pump with the RCS

water solid.

-8-



VII. NRC CONCERNS

The following NRC concerns specific to St. Lucie Unit 1 were discussed
with NRC representatives during a phone conversation on November 21,
1977, and later included in an NRC letter dated December 23, 1977.
Responses to these concerns are tabulated below with references, where
appropriate, to other sections of the submittal and the accompanying
CE report.

CONCERN 1 - Technical Specifications which address the following:
a. Operability, including the enabling and disabling, of

the OMS,
b. Limiting the maximum hT between the steam generator and

reactor vessel,
c. Disabling of ECCS components during cooldown,
d. Surveillance requirements for the OMS components, and
e. Action required during inoperability of any OMS components.

RESPONSE 1 - Technical specifications addressing all these areas are
described in Section VI of this submittal.

CONCERN

RESPONSE

2 - The method of monitoring temperature differential in the
reactor coolant system must be clearly stated, including
the uncertainties due to instrument inaccuracy and
differences between the steam generator shell side and
bulk fluid temperature.

2 - At St. Lucie steam generator blowdown temperature is measured
and not the temperature of the steam-generator shell. Blow-
down is taken from the bottom of the steam generator tube
region and is therefore indicative of steam generator bulk
fluid temperature. The indication of blowdown temperature
used is the same as used in calorimetric power determination
with instrumentation accuracy of + 2.5'F.

CONCERN 3 - The upstream OMS isolation valves must be included in the
OMS enabling circuitry to ensure that these valves are open
when the system is required.

RESPONSE 3 - "Open" indications of the motor operated isolation valves
upstream of the PORV's have been included in the OMS
actuation alarm circuitry. As discussed in Section I of
the submittal, the actuation alarm will not clear unless
the OMS is properly aligned. This includes an open indi-
cation of the motor operated isolation valves.

CONCERN 4 - The most limiting pump startup, mass addition transient must
be analyzed regardless of procedures which preclude such
an event.



RESPONSE 4 - The accompanying CE report includes an inadvertent SI and
inadvertent actuation of a HPSI pump although administrative
controls (Section IV) and technical specifications (Section
VI) preclude these postulated events.

CONCERN 5 - The rate of automatic isolation of the shutdown cooling
system should be compared with the rate of pressure increase
due to the limiting overpressure transients to ensure that
the design pressure of the shutdown cooling system is not
exceeded.

RESPONSE 5 - The rate of pressure rise of limiting postu'lated overpressure
transients is discussed in the CE report. The closure time
of the automatic isolation valves for the shutdown cooling
system is 60 seconds.

In addition to the automatic isolation feature, separate
relief valves provide protection for the SDC suction lines.
In previous NRC submittals we had stated that each of two
shutdown cooling suction lines had relief valves with a

capacity of 155 gpm each; this is the design value for the
valves. The rated capacity of the installed valves with a
300 psig setpoint is 222 gpm at lOX accumulation and 370 gpm
at 25%%d accumulation. The combined capacity of both valves
at 25K accumulation (740 gpm) exceeds the assumed capacity
of one PORY at the low pressure setpoint of 465 psia.

-10-
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ABSTRACT

A study concerning overpressure mitigation during low temperature

operating modes is, presented for St. Lucie Unit 1 of the Florida Power

and Light Company. Included in this report are descriptions and re-
sults,of the analyses which modeled the overpressurization events.

The study shows that preventive measures are available to mitigate
overpressurizations in the St. Lucie Reactor Coolant System. These

measures include certain administrative controls and modification of the
existing pressurizer electromatic relief valves to include a low-pressure
setpoint capability.
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1. 0 INTRODUCTION

On December 3, 1976, a generic report on Reactor Coolant System

[RCS] overpressure protection at low temperatures [Reference (1)] was

presented by Combustion Engineering to an ad hoc group of CE utility
customers, of which Florida Power 8 Light Co. [FP8L] is a member.

This generic effort resulted in recommendations for prevention of RCS

overpressurization during water-solid operations. The recommendations
included both administrative and hardware oriented modifications. The

plant specific study for FP8L'-s St. Lucie Unit No. 1 is presented here-
in and should be considered an extension of the generic report.

The generic study determined that liquid pressure relief is required
during low temperature RCS operations to prevent overpressurization
incidents. The analyses indicated that the required relief capacity
could be provided by either the existing pressurizer power operated
relief valves [PORVs], modified to incorporate a low-pressure setpoint,
or by spring-loaded relief valves added to the RCS. Analyses discussed
in this report are based on use of the existing St. Lucie Unit 1 PORVs

for low temperature overpressure mitigation.

The objective of this report is to present a discussion of the ana-
lytical models employed in the study and provide the results relevent to
low temperature overpressure mitigation.

Plant parameters specific to St. Lucie Unit 1 have been incorporated
in the models previously developed for the generic analyses. The modeled
events are the same as in the generic report; i.e., letdown isolation,
charging pump start, safety injection [SI] pump start, spurious safety
injection actuation signal [SIAS], reactor coolant [RCP] start, shut-
down cooling isolation, and full pressurizer heater actuation. The assump-
tions and initial conditions considered in the analyses are similar to
those 'discussed in the generic report. The figures and tables referenced
in this report are contained in Appendix A.



2.0 LOW TEtlPERATURE OVERPRESSURE MITIGATION

The analyses performed show that a combination of administrative and hard-
ware modifications are necessary to provide assurance that RCS HPT limits
will not be exceeded. These modifications include the following:

1. Addition of procedural controls and precautions;
2. Disabling of non-essential components during the cold

shutdown mode of operation;
3. Incorporation of a low-pressure setpoint to the existing

PORV control logic.

Specific discussions of these recommended changes are presented in
later sections.

2.1 Desi n Criteria

The basic criteria to be satisfied in determining the adequacy of
overpressure mitigation is that no single equipment failure or operator
error should result in violation of the operating curve limitations. This
is in accordance with the criteria as originally stated in Reference (2).
.Subsequently, Reference (3) expanded the design criteria relative to
operator inaction time, single failure, seismic and IEEE 279 design, and
protection system testability. No operator action was assumed to mitigate
the transients in these analyses. In addition to expected mitigation with
two PORVs operating, analyses are provided which assume a single failure
that defeats one PORV.

2.2 Basis for Pressure Limits

The P-T operating curves from Reference (4) for the 0 to 10 year period
of full power operation are used to define maximum allowable pressure. These
pressure limits provide a reasonable conservatism for current plant operation.
The 0 to 10 year curve is shown as Figure (1).



3.0 DESCRIPTION OF ANALYTICALMODELS

The overpressurization analyses were performed in the following
manner:

2.

The worst case overpressurization events were determined;

The effectiveness of low setpoint PORVs to terminate an

overpressurization event were evaluated.

To determine the worst case transients, water-solid RCS conditions
were considered. This is a conservative assumption since the time delay

in the transient due to a non-solid system is eliminated. Also, all
letdown flow paths which could mitigate or terminate a particular over-

pressurization event were considered isolated.

The following sub-sections discuss the water-solid system mass and

energy input analyses, the models used, and the analysis which investigated
the effect of low setpoint PORV discharge. The initial conditions appli-
cable for each event are shown in Table (1).

3.1 Solid RCS Mass In ut Anal ses

The following overpressurization mass input events were considered
for water-solid RCS conditions without PORV protection:

2.

3.

Inadvertent Safety Injection [SI] actuation;
Inadvertent start of a single High Pressure Safety Injection
[HPSI] pump;

Inadvertent mismatch of charging and letdown flow.



3.1 Solid RCS Mass In ut Anal ses - continued.....

The analyzed inadvertent SI events included actuation of two HPSI

pumps with all three charging pumps, actuation of a single HPSI pump

with three charging pumps, and actuation of only three charging pumps

when all HPSI pumps are disabled. The inadvertent operation of a single
HPSI pump as well as a charging/letdown mismatch was also analyzed. The

charging/letdown mismatch results from either loss of letdown or the in-
advertent operation of an additional charging pump. The Low Pressure

Safety Injection [LPSI] pumps and SI accumulator tanks are not considered

as contributing SI mass inputs since the LPSI shut-off head and SI tank

design pressures are below P-T limits. Applicable pump design parameters

are listed in Table (2). HPSI and LPSI pump/system delivery curves for
St. Lucie Unit 1 are shown on Figure (2) and Figure (3).

The mass input analyses determined the delivery of the various
pumps in a water-solid RCS as a function of the RCS pressure and time.
After each time increment the RCS pressure is determined as a function of
the average RCS specific volume and temperature. The specific volume

changes according to the integrated mass input rates. Assumptions con-

servatively include no expansion of the system pressure boundaries and

isolated letdown. The resulting unmitigated transients shown on Figure
(6) reflect the upper bounds of the anticipated RCS pressure excursion.

3.2 Solid RCS Ener In ut Anal ses

The following overpressurization energy input events were considered
for water-solid RCS conditions without PORV protection:

2.

3.

Decay heat addition due to shutdown cooling system isolation;
Inadvertent pressurizer heater input; and,

Energy input from the steam generator secondary to the primary
coolant subsequent to operation of a reactor coolant pump [RCP]

when the steam generators are at a higher temperature than the
reactor vessel inventory.



3.2 Solid RCS Ener In ut Anal ses - continued.....

Energy addition analyses determined the RCS pressure response as a

function of time. After each time increment the RCS pressure is deter-
mined as a function of the average liquid system enthalpy and average

liquid specific volume. The system enthalpy changes according to the
heat addition rate. For analyses which assume no liquid relief capability,
the specific volume of the system is considered a constant since pressure
boundaries are assumed fixed and system mass remains constant. Other con-

servative assumptions include isolated letdown and no sensible heat absorp-
tion by the RCS component metal mass. These assumptions provide the re-
sults on Figure (6) which are considered as upper bounds of postulated RCS

overpressurizations caused by energy addition.

Energy additions which are constant with time include inadvertent pressurizer
heater actuation and decay heat addition. An energy addition rate which is
not constant with time occurs when a RCP is started with a positive secondary
to reactor vessel aT Litem 3 above]. This event requires a model which ac-
counts for the changing secondary to primary heat transfer rates. A des-

cription of the model is provided in the following sub-section.

3.3 RCP Start Trnasient Model

In a water-sol'id RCS, a pressure transient results if a RCP is oper-
ated when the steam generators are at a higher temperature than the reactor
vessel, which is cooled by shutdown cooling. A computer model Lthe same as

was used for the Millstone, Calvert Cliffs and Fort Calhoun submittalsj was

used to simulate the resulting water-solid RCS pressure response.

During the RCP start transient, the steam generator located in the
operating RCP loop initially provides the greatest heat addition rate. The

non-operating loop steam generator trails in heat addition and never attains
the addition rate of its counter part. The resulting transient varies with
time. As RCP circulation continues equilibrium between the primary and



3.3 RCP Start Transient Model - continued.....

secondary side is attained. Assuming an initial primary to secondary aT,

an instantaneous RCP start, and no heat absorption or metal expansion at the

primary pressure boundaries, a conservative upper bound RCS pressure was

computed as a function of time. As shown on Figure (4), the model represents
the RCS by the following five nodes:

l. Operating RCP loop steam generator;
2, Non-operating RCP loop steam generator;
3. Reactor vessel annulus region;
4. Reactor core; and,

5. Reactor vessel upper plenum.

The representation of steam generator heat transfer by single nodes

is considered conservative for heat transfer from the steam generator
secondary side to the primary coolant. The overall heat transfer coeffi-
cients for each steam generator are flow dependent, based upon initial
steam generator properties. This results in conservatively high coeffi-
cients which are then assumed constant throughout the transients. Consid-
ered in the model are the loop flow splits resulting from a single RCP

operation, as shown on Figure (5). In addition, full pressurizer heater

input and one-percent decay heat was included.

3.4 Li uid Relief Anal ses

The PORVs at St. Lucie are electrical solenoid actuated relief valves
t

and are assumed to open instantaneously [actual opening times are approximate-
ly 3 milliseconds resulting in no effect upon RCS pressure accumulation].
The orifice area of each St. Lucie PORV is 1.354 in . Valve flow rates were
modeled to vary with the inlet to backpressure differentials. The temperature
of the discharging liquid is assumed to be at the saturated temperature
corresponding to the initial pressurizer pressure; thus, considerable sub-

cooling results once RCS pressure rises to above the PORV setpoint.



3.4 Li uid Relief Anal ses - continued.....

For the case of SI mass additions, the equilibrium pressures at which

the SI System delivery matches PORV discharge are determined. Valve dis-
charges are modeled as a function of RCS pressure and variable backpressure

[calculated as a function of valve dischargej.

For the RCP Start transient, the analyses examine the effect of a

single PORV [assuming one PORV failsj. A backpressure of 100 psig is cal-
culated as the maximum expected during the transient. Thus, valve discharge

is conservatively modeled as a function of RCS pressure assuming the back-

pressure remains constant at the maximum calculated value.

4.0 RESULTS OF ANALYSES

4.1 Limitin Water-Solid Transients

Shown on Figure (6) are the results of water-solid mass and energy

input analyses when the RCS is without low temperature overpressure
mitigation. The most rapid pressure transients result from:

l. A RCP start with hot steam generator [energy addition]
2. An inadvertent SI actuation [mass addition]

These postulated overpressurizations are the limiting transients in the
design of the overpressure mitigation system.

4.2 PORV Over ressure Miti ation

4.2.1 RCP Start

With both PORV's functioning properly, the maximum allowable bT between

the RCS and the steam generator is approximately 150'F. However, for this
analysis, a single failure was assumed so that only a single PORV is considered.



4.2.1 RCP Start - continued.....

Figure (7) shows the RCS pressure transient resulting from the start
of a RCP with a 50'F aT between the RCS and the steam generator. This

transient was initiated with an RCS temperature of 150'F and assumes a

single PORV opens at a set pressure of 465 psia. The peak RCS pressure

attained is 490 psia which corresponds to minimum RCS temperature of 105'F

based on the isothermal [heatup] pressure-temperature limits'. Figure (8)
shows the same transient initiated at an RCS temperature of 200'F. A

single PORY is assumed to operate at the programmed set pressure of 640

psia. The peak RCS pressure attained is 650 psia, well below the iso-
thermal [heatup] pressure temperature limit of 850 psia at 200'F. This

demonstrates that when assuming a single failure in the mitigating system,

a 50'F aT limitation provides ample assurance that RCS f1PT limits will not
be exceeded.

Cyclic PORV discharge results during a RCP Start event since the heat

transfer from each steam generator varies according to the changing second-

ary to primary temperature differential. Figures (7) and (8) illustrate the
first of these cycles. The magnitude of the transient is the greatest during
the first cycle when heat transfer rates are at a maximum.

The RCP Start transient is one of the most severe transients during
water-solid operations. However, even assuming a 100'F aT, a normal [i.e.,
> 800 ft ] pressurizer steam bubble mitigates the transient 'before it reaches

the low pressure PORV setpoint.

4.2.2 Inadvertent SI Actuation

As shown on Figure (6), inadvertent SI actuation is one of the most

severe postulated overpressurization events. Analyses were performed

assuming one PORY and two PORVs were available to discharge the SI input.
Table (3) lists the equilibrium pressurizer pressures that result when the
discharge of one and two PORVs balances with SI mass inputs. Sufficient
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4.2.2 Inadvertent SI Actuation - continued.....

overpressure mitigation exists for a given temperature when the equilibrium

pressure does not exceed the P-T isothermal curve.

Once the PORV[s] open, the valve will remain open when the equilibrium
pressure is above the valve blowdown closure setting. If the blowdown set-

point is greater than the equilibrium pressure the peak RCS pressure will
equal the valve set 'pressure and valve cycling will occur. For equilibrium
pressures above the closure setpoint, the valve[s] will remain open until
operator action secures the input flow.

Comparisons of the Figure (1) P-T isothermal [heatup] curve with the

equilibrium pressures are also summarized in Table (3). This table shows

the following .for a single PORV discharge:

l. A single PORV provides overpressure mitigation for a full SI [i.e.,
two HPSI, three charging pumps] for all temperatures above 195'F.

2. Below 195'F all but one HPSI pump should be disabled such that a

single PORV is capable of relieving the remaining HPSI pump and

three charging pumps input.
3. Below 155'F the remaining HPSI pump should be disabled.
4. For inputs resulting from three charging pumps or a single HPSI

pump, a single PORV is adequate for all RCS temperatures.

Also shown in Table (3) is the following which concerns the equilibrium
pressures resulting from the discharge of two PORVs:

1. Two PORVs provide sufficient relief to mitigate a full SI actua-
tion for temperatures above 95'F.

2. Additionally, two PORVs provide adequate protection for all other
mass input events at all RCS temperatures.
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4.3 Summar of Results

In summary, the PORVs provide
pressure mitigation in conjunction
These controls limit the secondary
maximu'm attainable SI input during

the ultimate means of low temperature over-

with a minimum of administrative controls.
to primary aT to 50'F, and limit the

low temperature operation.
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5.0 CONCLUSIONS

The overpressurization events applicable to the St. Lucie Unit 1 RCS

result from inadvertent SI, charging/letdown imbalances, pressurizer heater

actuation, shutdown cooling isolation, and a RCP start with a positive steam

generator to reactor vessel temperature difference. The limiting transients
are identified as an inadvertent SI actuation and a RCP start.

Low temperature overpressure mitigation is provided at St. Lucie through

a programmed low pressure setpoint for the existing pressurizer PORV's in
conjunction with administrative controls. These administrative controls in-
clude minimizing the bT between the steam generator and RCS and disabling of
system components which are non-essential to plant operation. With these

administrative controls and assuming a single failure in the mitigating
system the existing PORVs will provide sufficient liquid relief. It is
emphasized, however, that with two PORVs operable, as designed, no adminis-

trative controls are necessary to provide adequate overpressure mitigation.

In conclusion, the results presented in this report demonstrate that
adequate mitigation exists at St. Lucie Unit 1 to preclude violations of
the Appendix 6 limits.



5.0 CONCLUSIONS

The overpressurization events applicable to the St. Lucie Unit 1 RCS

result from inadvertent SI, charging/letdown imbalances, pressurizer heater

actuation, shutdown cooling isolation, and a RCP start with a positive steam

generator to reactor vessel temperature difference. The limiting transients
are identified as an inadvertent SI actuation and a RCP start.

Low temperature overpressure mitigation is provided at St. Lucie through

a programmed low pressure setpoint for the existing pressurizer PORV's in
conjunction with administrative controls. These administrative controls in-
clude minimizing the aT between the steam generator and RCS and disabling of
system components which are non-essential to plant operation. llith these

administrative controls and assuming a single failure in the mitigating
system the existing PORVs will provide sufficient liquid relief. It is
emphasized, however, that with two PORVs operable, as designed, no adminis-

trative controls are necessary to provide adequate overpressure mitigation.

In conclusion, the results presented in this report demonstrate that
adequate mitigation exists at St. Lucie Unit 1 to preclude violations of
the Appendix G limits.
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Figure 3
LPSI Pump Delivery Curve
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FIGURE 5

Single Pump Operation
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TABLE 1

INITIAL CONDITIONS

Event Pressure Tem erature Mass/Ener In ut

Pressurizer Heater Actuation 300 psia T = 120'F

T „= 417'F

1500 KW

SDC Isolation

RCP Star t .

Charging/Letdown Imbalance

Single HPSI Pump Start

300 psia

300 psia

300 psia

300 psia

T = 120'F

TRy 150 F

TSG
= 200'F

T = 120'F

T = 120'F

25. 6Hl<t

SG Heat Transfer

25.6 HMt Decay Heat

44 gpm/charging pump

See Figure (2)

SI Actuation

a) Two HPSI and Three
Charging Pumps

b) One HPSI and Three
Charging Pumps

c) Three Charging Pumps

300 psia

300 psia

300 psia

T „
= 300'F

Ty 200 F

T = 120'F

2 HPSIP: See Figure (2)
3 Charging Pumps: 132 gpm

1 HPSIP: See Figure (2)
3 Charging Pumps: 132 gpm

132 gpm



HPSI

TYVe

Multi-Stage
Horizontal
Centrifugal

TABLE 2

COMPONENT DATA SUMMARY

~Pun Oata

Desi n Pressure

1600 psig

~Ca acit

See Fig. 2

Shut-Off Head

2840 ft.
[1235 psig 9 60'F]

LPSI Single Stage
Horizontal
Centrifugal

500 psig See Fig. 3 392 ft.
[170 psig 9 60'F]

Charging Pump Positive Displacement 2735 psig 44 gpm 3010 psig

Total Volume

Mater Volume

Design Pressure

Operating Pressure

SI Tank Data

2020 ft
1090 [min] ft-

250 psig

200 psig



~In ut
Equilibrium
Pressure

TABLE 3

SI INPUT/PORV DISCHARGE

EQUILIBRIUM PRESSURES

One PORV
P-T Curve+

Tem erature

Two PORVs

Equilibrium P-T Curve*
Pressure

Two HPSI and Three
Charging Pumps 800 psia 195'F 470 psia 95'F

One HPSI and Three
Charging Pumps 550 psia 155 F 295 psia** <70'F

Three Charging Pumps 135 psia** <70'F 135 psia** <70'F

Single HPSI Pump 435 psia** <70'F 240 psia** <70'F

* Minimum allowable temperature so as not to exceed 0-10 year P-T isothermal [heatup] curve pressure limit.
for the equilibrium pressures indicated.

** In those cases where the equilibrium pressure is less than the PORV setpoint, the peak RCS pressure will
equal the valve set pressure and the valve[s] will cycle. The minimum allowable isothermal temperature
corresponding to the valve set pressure of 465 psia is 95'F.


