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ABSTRACT

The COMS (Cold Overpressure Mitigating System) is provided in the
Westinghouse NSSS as a supplement to the administrative controls intended
to prevent overpressure transients and the water relief valves in the
Resfdual Heat Removal System which mitigate inadvertent overpressure
transients to the Reactor Coolant System. This report provides the
background information which led to the decision to provide the COMS.
This report also includes a description of the system and a discussion of
the method used to establish the setpoints for the relief valves (PORV'Ss)
utilized in the COMS.



An internal Westinghouse technical review of the old Overpressure
Mitigaling System, conducted during the last quarter of 1983, led to a
conclusion that a record of the COMS modification was needed. This
reporl is to satisfy that conclusion.

The Westinghouse personne)l that participated in the review, under the
chairmanship of W. 6. Poulson, Manager of Safeguards Systems, and who
contributed to the preparation of this report were:
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1.0 INTRODUCTION

Overpressure protection for the Reactor Coolant System (RCS) is
achieved by means of self-actuated, steam safety valves located
high 1n the system on the steam space of the pressurizer. These
safety valves have a set presssure based on the RCS design pressure
of 2485 psig and are intended to protect the system against
transients initiated in the plant when the RCS is operating near
its normal temperature. To avoid brittle fractures at reactor
vessel metal temperatures below about 350°F, the allowable system
pressure is substantially less than the norma) system design
pressure of 2485 psig. Therefore, supplemental overpressure
mitigation provisions for the reactor vessel must be available when
the RCS and hence the reactor vessel, is at temperatures below
about 350°F. One part of this supplemental protection is known as
the Cold Overpressure Mitigating System (COMS) .

Normally when the RCS is at a temperature below 350°F, the RCS fis
open to the Residual Heat Removal System (RHRS) for the purposes of
removing residual heat from the core, providing a path for letdown
to the purification subsystem and to control the RCS pressure when
the plant is operating in a water solid mode. The RHRS is provided
with self-actuated water relief valves to prevent overpressure in
this relatively low design pressure system (600 psig) caused either
within the system itself or frum transients transmitted from the
RCS. The RHRS relief valves will mitigate pressure transients
originated in the RCS to maximum pressure vali.es determined by the
relief valves set pressure of 450 psig plus a pressure accumulation
above the set pressure dependent on the 1iquid volume magnitude of
the transient.

The lTow design pressure RHRS is normally isolated from the high
design pressure RCS, during reactor power operation at temperatures
above 350°F, by two isolation valves in series. Therefore the RHRS
can be {nadvertently isolated from the RCS by these same isolation
valves. The COMS is intended to provide overpressure mitigation
for the RCS addressing those transients which might cccur when the
RHRS 1s520)ation valves are inadvertently closed thus isolatirg the
RHRS uater.re11ef valves from the RCS.




2.1

2.2

2.0 BACKGROUND
General

During the early years of operation of Westinghouse pressurized
water reactors (1970-1976) a number of events were reported in
which the RCS pressure exceeded the allowable limit for a
particular lTow system temperature as prescribed by the ASME code
Section III and 10CFR50 Appendix G. The events were caused by
equipment malfunction, incorrect operator action or a combination
of the two. In the vast majority of the events, the unintended
pressure transient was recognized and terminated by the operator.

Reported Event to June, 197

Before the introduction of the 10CFR50 Appendix G requirements and
before the COMS ce'.ign was introduced in 1976, the prevention of
overpressure trarsients while the plant was operating in the water
solid mode was the responsibility of the operators of the plant.
No specific equipment was provided to automatically mitigate
pressure transients because the operator was expected to observe
the instructions and precautions provided to avoid causing
unacceptable pressure transients.

Using the published Abnormal Occurrence Reports and information
provided to the industry by the NRC in June 1976, an evaluation was
made of the type of overpressure events which had occurred, their
causative factors and the plant conditions at the time of the
event. This review led to the general conclusion that 24 of the 29
reported events could be divided into two major categories 1) mass
input (18 events) or 2) heat input (6 events) to an isolated
constant volume of reactor coolant. The other 5 events were either
of unknown origin (3) or were caused by operators following
inadequate procedures while attempting to control the reactor
coolant pressure.

The review demonstrated that of the 18 events caused by mass input
to the RCS, by far the greatest number (14) involved a mismatch
between the charging an’ letdown flows. In all but one of these
events, the mismatch was caused by a loss of letdown flow while the
charging system remained in operation with a relatively low rate of
mass input.



2.3

The remaining 4 mass input events were the result of an abnormal,
or inadvertent actuation of some portion of the safety injection
system. In the orly event involving the actuation of safety
injection pumps, a single safety injection pump was deliberately
started by an operator and flow inadvertently entered the RCS. In
the other 3 events, the accumulator isolation valves were
deliberately opened by the operator or inadvertenily opened by a
spurious signal from the engineered safety features actuation
circuits.

For the majority of the mass input caused pressure transients, the
abnormal condition was recognized and terminated by the operater.
The magnitude of the pressure transient was limited as a direct
result of the speed of the operator in recognizing the situation
and taking remedial action.

Among the few (6) reported events attributed to the heat input
case, five were those in which a temperature .asymmetry was allowed
to develop in the RCS generally due to insufficient mixing. Then,
when a reactor coolant pump was started, the cooler volumes of
reactor coolant circulated around the system and were heated by
warmer sections of the system, particularly the steam generators.
These heat input events were self limiting in that the temperatures
eventually equalized and the magnitude of the pressure transient
was not great. One of the events was the result of removing heat
from the coolant such that the temperature was caused to decrease
to a temperature below the allowable for the constant coolant
pressure being maintained at the time.

Administrative Controls

Until the mid 1970's, the strict administrative controls in effect
during plant heatup and cooldown operations, when most systems are
under marual control, were considered sufficient to avoid
overpressure transients. In fact, the vast majority of the
transients reported prior to 1976 did not occur during norma) plant
operation but were caused during pre-operational testing, periodic
surveillance testing or specially improvised tests.

As a result of several meetings with the NRC during 1975 and 1976,
regarding the apparent growing number of overpressure events,
renewed emphasis was placed on highlighting the normal operating
guidelines and precautions to be observed during those operating
modes which could lead to an overpressure event. This renewed
emphasis by the designers and operators of the plants however,
could not completely address the overpressure concern since changes
to the pre-operational and surveillance testing programs were
increasingly being implemented.
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ntroducti f

During the early months of 1976, increased NRC attention was
focused on the reported overpressure events which had occurred
primarily during testing. As a result, all PWR vendors we-e called
to appear before the NRC on June 21, 1976, and told of the
secfousness of the issue and the need to prevent future events by
some additional system/equipment means. Therefore, to address the
NRC concerns, the design of the COMS was completed and made
available to Westinghouse plants in November, 1977. The purpose of
the COMS was to supplement the normal plant operational
administrative controls and the water relief valves in the RHRS
which had not prevented nor sufficiently mitigated past
overpressure events.



3.1

3.2

A RIPTION OF SYSTEM

Function

The Cold Overpressure Mitigating System (COMS) is designed to
provide the capability, during relatively low temperature Reactor
Coolant System operation, to prevent the RCS pressure from
exceeding allowable 1imits. The COMS is provided in addition to
the administrative controls, to prevent overpressure transients and
as a supplement to the RCS overpressure mitigating function of the
Residual Heat Removal System (RHRS) water relief valves.

The system is designed with redundant components to assure it will
perform its function assuming any single active component failure.

General Description

The COMS shown schematically by Figure 3.1 and described in the
following paragraphs applies to the Westinghouse reference Model
212, 312, and 412 plants.

The power operated relief valves (PORV) located near the top of the
pressurizer, together with additional actuation logic from the
wide-range pressure channels, are utilized to mitigate potential
RCS overpressure transients which might occur if the RHRS water
relief valves are inadvertently isolated from the RCS. The COMS
provides the additional relief capacity for the specific transients
(See Section 4.0) which would not be mitigated by the RHRS relief
valves and thereby maintain the system pressure below the limits
determined by use of the 10CFR50 Appendix G. requirements.

Each pressurizer relief valve (PORV) 1s signaled to open should the
RCS pressure approach an unacceptable pressure for the particular
temperature of the reactor coolant. The relief valves are simple
open-close valves with no throttling action except that which
occurs during the stroke period.

The function of the instrument system actuation logic, shown by
Figure 3.2, is to monitor both the RCS temperature and pressure,
whenever the temperature is below about 350°F, to ascertain when an
unacceptable condition regarding the Appendix G requirements is
being approached. The wide-range RCS temperature indications are
auctioneered to select the lowest temperature and this low signal
is processed through a function generator to calculate the maximum
acceptable pressure for the prevailing temperature. The calculated
pressure is then compared with the indicated RCS pressure from a
wide-range pressure channel and if the indicated pressure exceeds
the calculated value, a PORV will be signaled to open. The
determination of the pressure setpoint program for the PORV's is
described in Section 6.0.
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FIGURE 3.2
CONTROL LOGIC FOR EACH PORV
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3.3

3.4

3.5

ign Bases an cription ~f Equipment

The PCRV's are de<igied to 1imit the RCS pressure during normal
operationz} transients when the reactor is at power, by discharging
steam to the pressurizer relief tank (PRT) thus avoiding the need
for the coce safety valves to function. The flow capacity and
stroke time of the PORV'S are selected to avoid a reactor trip
during a large step load decrease.

In addition, the valves are utilized for pressure reliz/ (water,
gas or a mixture) as a part of the COMS and when performing this
function they also discharge to the PRT. Two valves are provided
for the COMS function so that if one valve fail: to actuate when
required, the second valve will be available to mitigate the
transient.

Electrical Power

P g

The electrical power to the instrumentati-: and the actuating
system is provided by two separ>*. independent sources so that a
single failure in the e - irical equipment will not prevent the
operation of at 1= . one PORV.

Instrumentation 2-J Lontro)

Figure 3.2 describes “he control for one train (i.e. one of the two
PORV's).

The RCS pressure is monitored by severa) independent wide-range
pressure channels which typically measure hot leg pressure. These
channels are capable of measuring and indicating the PCS pressure
over the range of 0 to 3000 psig. The COMS signals derived from
two of these channels are typically in the range of 400 to 2335
psig. Each PORV 1s associated with cne of the wide-rarge pressure
channels so that a failure of one channel will affect only one PORV.

The RCS temoerature is monitored by several indeperdent wide-range
temperature channels in both th2 hot and the cold legs. A group of
the temperature signais are auctioneered for the Towest indicated
iemperature and this lowest temperature is processed in a function
generator to calculate an acceptable PORV pressure setpoint for
the particular temperature based sn the Appendix G requirements.
Two separate independent auctioneering circuits and function
generators are provided so that a single failure wil) adversely
affect the actuation of only one PORV.
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The setpoint calculaied by the function generator is compared with
the indicated wide range pressure signal and if the indicated
pressure approaches the setpoint an alarm will be sounded in the
control room to warn the operator of a potential actuation of the
relief valve. If the indicated pressure continues to increase .o
the calculated setpoint pressure, the relief valve will be signaled
to open to mitigate the transient.

Operation

During a normal plant heatup, the RCS is open to the RHRS and is
operated in a water solid mode until the steam bubble is formed in
the pressurizer. During these low-temperature, low-pressure
operating conditions the COMS is armed and in a ready status to
mitigate pressure transients which might occur if the RHRS is
inadvertently isolated. After the steam bubble is formed and the
pressurizer water level is at the normal value for no-load
operation, the RHRS 15 manually isclated from the RCS and the plant
continues to be heated while the system pressure is controlled by
the steam bubble. When the reactor coolant temperature has
increased above about 350°F the COMS is manually disarmed.

While the plant is in normal operation, that is, in Operating Modes
1,2 or 3, (defined by the Technica! Specifications) the COMS is not
armed and is maintained in a passive mode.

During a normal plant cooldown, the COMS is manually armed as the
reactor coolant temperature is decreased below 350°F. Note that at
this time there 1: a steam bubble in the pressurizer and the water
level is at the normal level for no-load operation. The RHRS is
then placed in service by opening the suction isolation valves thus
making the RHRS water relief valves available to mitigate pressure
transients. When *he coolant temperature %as deen decreased to
160°F by the cperation 3f the RNRS, the steam bubbie may be
quenched and the reaztor coolant pumps stopped. From this point on
in the cooldown, the plant is water solid and if the RHRS becomes
inadvertently isolated, the COMS wil) be in ar active status ready
to mitigate pressure transients which might accur.

After the-plant reaches the cold shutdown condition (Mcdes 4 ard 5)
and is being maintained rold by the RHRS, the COMS remains in an
active status to backup the water relief valves in the RHRS should
the RHRS become inadvertently {isolated.



wWhen the RCS is operated n the water solid mode, the pressure is
automatically controlled by the low-pressure letdown valve in the
Chemical and Volume Control System (CVCS). This valve senses the
pressure in the letdown line (Py on Figure 3.3) and maintain; the
pressure at the selected control value by throttling the letdown
flow from the RCS. At this time, the charging flow into the RCS is
set at a constant value and s controlled by the charging flow
control valve. It should be noted that the pressure beirg
controlled is that in the letdown line which then indirectly
conirols the RCS pressure. However, if the pressure drop through
the RHRS and the bypass 1ine into the CVCS is changed by throttling
of valves or changing the flow rate through the RHRS, the RCS
pressure will also change since the location of the controlled
pressure is in the letdown line.

-10-
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4.1

4.2

4.0 POTENTIAL OVERPRESSURE TRANSIENTS

General

Potential overpressurization transients to the reactor coolant
system (RCS), while at relatively low temperatures (less than about
350°F), can be caused by either of two types of events to the RCS:
that is, mass input or heat input. Both types result in more rapid
pressure changes when the RCS is water solid. Therefcore, the
descriptions of the following two types of transients imply that
the RCS is water solid, at a relatively low temperature and is
open to the residual heat removal system (RHRS).

Mass Input Type Transients:

M1. Inadvertent safety injection

M2. Charging/letdown flow mismatch

Heat Input Type Transients:

H1. Actuation of oressurizer heaters or

H2  Loss of residual heat removal cooling or

H3  RCP startup with temperature asymmetiry within the RCS or
between the RCS and SG

Mass Input Transients

Ml. Inadvertent actuation of safety injection considerations
frclude full system (both trains), single train or single component

within a train events. Each of the three types of event: are
iscussed separately.

Full system actuaticn would include the cpening of the isolation
vaives on all ST accumylators, startup of all low-head and
high-head safety injection pumps and isolaticn of the norma)
letdown path to the Chemical and Volume Control System. Such an
event would result in unacceptable, iarge volumes of coolant being
forced into the RCS. Therefore, such events must be prevented by
strict administrative contiols which require the blocking of the
automatic SI actuation circuits, immobi11zing the SI accumulator
motor operated isolation valves (by locking out their power
supplies) and locking out power to the high-head safety injection
pumps. (See Section 5.2). In a typical Westinghouse design, the
low-head safety injection (RHR) pumps are normally in operation,
taking their suction from the RCS, during low-pressure,

-}2-



low-temperature plant operations. Therefore, even {f a spurious
start signal were received, the low-head safety injection (RHR)
pumps would not function in their safety injection mode.

The probability of a single train actuation s not much different
than a full system actuation since the signals which call for
safety injection, both manual and automatic, are normally processed
through the engineered safety features logic circuits such that a
signal whether spurious or not, will impact both trains.

Therefore, since the safety injection system is essentially
immobilized at low temperature, single-train, inadvertent actuation
is considered no more likely than full system actuation.

Inadvertent actuation of a single component would require that a
human operator selectively unlock the electrical power to the
component and then cause the component to be energized. The most
probable way for this event to occur would be during periodic
surveillance testing required by the Technical Specifications or
during post maintenance check-out of the component. Deliberate
opening of an SI accumulator isolation valve while the accumulator
is pressurized with gas is not considered probable because there is
no Technical Specification to test the isolation valves at shutdown
and prudent maintenance procedures for the valves would likely
require that the compressed gas in the accumulator be removed.

Post maintenance check-out or periodic surve’ lance tests however,
migiht be attempted on a high-head safety ir ection pump providing
an opportunity for operator error to cause an inadvertent single
pump injection event. Therefore, a single pump startup event
during surveillance testing or following maintenance is considered
a potential mass input transient but, since the RHRS would be open
te the RCS at this time, an RHRS relief valve would mitigate the
resulting RCS pressure transient.

K2. Charging/letdown flow mismatch events can be postulated to
occur in a number of ways. One way would involve the complete
termination of letdown , such 2s by closure of the letdown control
valve, isolation of the RHRS/CVCS crossover path or closure of the
RHRS inlet isolation valves caused by malfunctions of the contro)l
systems. <A second way would involve an increase in the charging
flow by efther operator or instrument error such that the charging
flow exceeds the prevailing letdown flow.

The most severe mass input transient would occur ‘/ the letdown
flow controls failed to the zero flow condition while the charging
flow controls failed to the full flow condicion. This failure mode
would result in the maximum charging/letdown flow mismatch event
but does not result in the isolation of the RHRS relief valves from
the RCS. Therefore, an RHRS relief valve would mitigate this
transient and prevent an overpressure condition in efther the RHRS
or the RCS.

13-



4.3

The most 1ikely way that a charging/letdown flow mismatch would
occur is for the RHRS (and relief valves) to be inadvertently
fsolated from the RCS by spurious closure of the RHRS inlet
fsolation valves. Such a spurious closure is credible due to the
presence of the automatic closing signal required by the NRC (see
Section 9.0). Since this spurfous valve closure event causes an
kCS pressure transient by stopping the letdown flow and negating
the pressure control and concurrently isolating the RHRS relief
valves from the RCS, 1t s considered a “design bases® transient
for the COMS. The maximum mismatch in flow rates for this case
will be on the order of 100 to 150 gpm, the maximum normal charging
flow rate into the RCS.

Heat Input Transients

Hl. The inadvertent actuation of the pressurizer heaters when the
pressurizer is filled solid will cause a slow rise in the water
tenperature (~50°F/hr) with a consequent increase in pressure of
the constent volume RCS (See Figure 4.1) Since the
temperature/pressure transient is very slow, the operator should
recognize and terminate the transient before an unacceptable
pressure is reached. The RHRS 1s open to the RCS whenever the
pressurizer is filled solid, in accordance with administrative
controls (see Section 5.3). Therefore, the RHRS relief valves will
be actuated, negating the need for COMS, if the operator does not
first intervene and stop the trarsient. This case is not
considered significant to the design of either the RHRS relief
valves or the COMS.

H2. A loss of residua) heat removal cooling while the pressurizer
1. filled solid could be caused by a loss of flow malfunction in
the service water or component cooling water systems or the closure
of the RHRS inlet isolation valves. The continua) release of cure
residual heat into the reactor coolant, with no heat rejection to
the environs, would cause 2 slow rise in the coolant temperature
and pressure (See Figure 4.1). Since the transient is slow, the
operator should respond and either restore the RWRS valve: to their
open pcsition, restore cooling or 1imit the RCS pressure by venting
the pressyrizer. This transient is not considered significant to
the design of the COMS since it 1s a relatively slow transient
compared to the heat input transient H3.

-14-
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H3. During plant heatup and cooldown operations, administrative
controls (See Section 5.4) require at least one reactor coolant
pump be maintained in operation whenever the reactor coolant
temperature is greater than 160°F. Therefore, the large volumetric
flow throughout the RCS will maintain an isothermal condition in
the RCS. The steam generator secondary side water immediately
surrounding the tubes will also remain at a temperature near that
of the circulating reactor coolant on the primary side.

During normal cooldown operations, when the reactor coolant
temperature has been decreased below 160°F the reactor coolant
pumps may be stopped. Subsequently, isothermal conditions in the
RCS may no longer exist. The reactor coolant temperature will be
decreasad below 160°F by heat rejection through the Residual Heat
Removal System. The steam generator contained water (both primary
and secondary) may remain at a relatively constant temperature
greater than the RCS temperature since there may be little
circulation through the tubes. Therefore, a significant
temperature asymmetry between the SG water and the reactor coolant
may develop. If a reactor coolant pump were to be started, the
sudden heat input into the reactor coolant from the steam
generators would cause a rapid increase in reactor coolant
temperature. If the event should occur while the pressurizer is
filled solid, a rapidly increasing pressure transient would accur.
Normally, the RHRS 1s open to the RCS when the pressurizer is
filled solid, so that the relief valves in the RHRS would be
available to mitigate the pressure transient if the event should
occur,

In accordance with typical administrative controls, the plant will
be under water solid conditions only while the RMRS s in service,
and at east one reactor coolant pump will be in operation at
reactor coo’ant temperatures above 160°F. Therefore, this type of
heat input transient will be 1imited to initia) coolant
temperatures below 100°F. Since it is not practical to determine 3
representative temperature for the large stugnant volume of
secondary water in the steam generator, the operator will not be
aware that the temperature may be substantially diffeient “rom the
primary side reactor coolant. From the initial isothermal
temperature of 160°F when the RCP is stopped, the bulk reactor
coolant temperature is unlikely to decrease below 110°F without
some extraordinary cooling means while the steam generator water
may remain near 160°F. Therefore, the differential temperature is
not expected to be greater than 50°F for this type of heat input
transient.



1f the pump start event should occur with a steam bubble of the
normal no-load volume present in the pressurizer, the resultant
expansion of the reactor coolant due tc the sudden heating would be
accormodated by an insurge into the pressurizer with only a small
reactor coolant pressure change. Therefore, administration
controls require that @ RCP not be restarted during a plant
cooldown unless a steam bubble exists in the pressurizer. (See
Section 5.4)

During normal plant heatup operations, the reactor coolant pumps
remain in operation throughout the water solid condition and the
steam generator secondary water temperature will remain equal to or
s1ightly less than the primary side. Therefore there is no
opportunity for the he>t input case to occur due to a temperature
asymmetry between the RCS and SG. However, if the reactor coolant
Jumps are stopped and the cold charging and seal injection water
are continued in service, a relatively cold volume of water could
be developed in the vertical pipe loop below the reactor coolant
pumps (See Figure 4.2). A restart of a RCP in a water solid system
would cause a sudden heating and mixing of the coolant and result
in an increasing pressure transient. Therefore, administrative
controls (see Section 5.3) require that the RHRS remain open to the
RCS until the steam bubble is formed in the pressurizer so the RHRS
relief valves are available to mitigate the transient.

Under most plant operating conditions during heatup, cooldown or at
cold shutdown conditions, the RHRS loop is open to the RCS and heat
input transients will be mitigated by the RHRS relief valves. Only
when the normal volume steam bubble exists in the pressurizer is
the RMRS deliberately isolated from the RCS thus making the RHRS
relief valves not available to mitigate RCS transients.

If the RHRS s inadvertently isolated from the RCS by closure of
the isolation valves, (as by a spurious operation of the autc-close
interlock required by the NRC) while the plant is water solid and
in Mode 4, the Technical Specifications require that a reactor
coolant oump be restarted within one hour if an RHR loop 1s not
returned to service. Curing the potential one hour delay period, a
temperature asymmetry in the reactor coolant loops, due to the
continued input of cold seal injection water, could develop and not
be apparent to the cperator. Then when the reactor coolant pump is
restarted, an increasing pressure transient will occur. This
particular heat input transient is therefore considered a "design
bases" transient for the COMS because the RHRS relief valves would
not be available to mitigate the transient since the RHRS isolation
valves are closed.

'y
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4.4

Summary of Transient Evaluation

Based un the above discussion, most of the identified mass input
and heat input transients, which might occur while the plant is
water solid, will be mitigated by a relief valve in the RHRS.
However, for those remote cases which occur when the RHRS has
become isolated from the RCS, (most likely caused by the spurious
closure of the RHRS inlet valves by the auto-close interlock), the
COMS may be called upon to mitigate certain increasing pressure
transients. Specifically, the COMS design bases transients are
defined as: 1) the mass input transient caused by a
charging/letdown flow mismatch after the termination of letdown
flow and 2) the heat input transient caused by the restart cf a
RCP pump when the RHRS is not open to the RCS, i1.e., the isolation
valves are closed and a temperature asymmetry exists within the RCS
due to tie continued injection of cold seal injection water.
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Table 4.1
RCS Overpressure Mitigation
wWhile Operating at Low Temperature

Part 1 Plant Conditions

The following Plant Conditions (primarily RCS ard RHRS) are those which
are relevant to the overpressure concern at low system temperatures (i.e.
below 350°F). The reference to Operational Modes is consistent with the
definitions in the NRC's Standard Technical Specifications but the
definition of Plant Conditions is unique to this report.
Plant Condition 1. During Mode 5, Cold Shutdown operations:

RCS Toops and pressurizer filled or not filled

RCP's not in operation

RCS temperature: 70< T < 160°F

RCS pressure: 0 < P < 450 psig

RHRS pumps in operation to remove residual heat and RHRS open
for RCS letdown

Plant Condition 2. During plant heatup (Modes 4 & 5):
RCS loops and pressurizer filled (water solid)
One or more RCP's in operation
RCS temperature: 70 < T < 350°F
RCS pressure: 325 < P < 450 nsig

RHRS pumps not 1n operation but RHRS open for RCS letdown anu
pressure contro)

Plant CondYtion 3. During plant cooldown (Mode 5):
RCS Toops and pressurizer filled (water solid)
At leasl onc RCP in operation
RCS temperature: 160 < T < 200°F
RCS pressure: 325 < P < 450 psig

RHRS in operation for cooldown, letdown and pressure control

-20-



Plant Cond*tion 4. During plant cooldown (Mode 5):

RCS loops and pressurizer filled (water solid)
RCS's not in operation

RCS temperature: 70 < T < 160°F

RCS pressure: 0 < P < 450 psig

KHRS in operation for cooldown and letdown

Part 11 Design Transients

1.

RHRS water relief valves (one or two depending on the particular plant
design) are provided to mitigate the following pressure transients (due
to mass or heat input) initiated in the RCS while operating in water
solid mode:

a) Mass input during plant heatup, cooldown or at cold shutdown
conditions (Modes 4 and 5); Plant Conditions 1. 2, 3, or &:

1. Inadvertent start and injection into RCS by one safety
injection pump.

8. Simultaneous loss of letdown and failure of charging flow
control to maximum flow conditions (one charging pump).

b) Heat input during plant cooldown (Mode 5); Plant Conditien 4:

1 Cooldown of RCS by RHRS to 110°F (RCS to SG temperature
asymmelry of 50°r) and subiequent restart of RCP.

Cold Overpressure Mitigating System (two PORV's) is provided to mitigate
the following pressure transients initiated in the RCS if RHRS becomes
inadvertently Ysolated due to spurious closure of isolation valves or
operato” error while plant is cperating in water solid mode:

a) Mass 1ﬁbut during plant heatup (Modes 4 and 5); Plant Conditions 1,
2, 3, or &4:

Loss of letdown caused mass input transient (up to about 150 gpm) and
loss of RCS pressure contro).

b) Heat input during plant cooldown (Mode 5); Plant Condition 4:
Isolation and consequent loss of function of the RHRS requires

restart of RCP with possible cold loop sea) (minimum 40°F) and warm
RCS components (maximum 160°F).



5.1

5.2

5.0 TECHNICAL SPECIFICATIONS AND ADMINISTRATIVE CONTROLS

Genera)

A1l reactor plant operations are guided by administrative controls
which specify the availability of equipment, systems alignments and
ranges of process parameters. The administrative controls are
intended to prevent deliberate plant operations which would result
in potentially unsafe or unacceptable plant conditions. These
administrative controls are identified in either 1) The Technica)
Specifications issued by the NRC or 2) The Precautions, Limitations
and Setpoints document, special notes and limits in operating
instruction guidelines and technical bulletins issued by
Westinghouse.

Deactivation of Sifety Injection System

The Standard Technica) Specifications (STS) describe the ECCS
requirement to have a minimum number of components available during
Operational Modes 1, 2 and 3 (STS Sections 3.5.1 and 3.5.2) and
also for Mode 4 (STS Section 3.5.3) to assure that sufficient
emergency core cooling capability will be available. However, the
footnote to STS Section 3.5.3 also specifies that a maximum of one
centrifugal charging pump and one safety injection pump shall be
operable, when the RCS temperature 1s below 275°F ,* thereby
attempting to 1imit the magnitude of potential mass input
transients.

The Technical Specifications permit the blocking of the actuation
circuits from the pressurizer and steam lines instruments to
prevent SI actuation at low system pressure and temperature. This
administrative control to manually block the circuits when the
system parameters are below the instrumentation permissive
setpoints is susceptible to spurious actuation, {.e., unblocking,
and 1s not considered a positive protectis, against inadvertent
safety injection.

In addition to the admiristrative permission to 1imit the f)ow
capacity or block the s.fety injection actuation circuits, provided
by the Technical Speci,ications, Westinghouse has provided
operating instruction (0.1.) guidelines and the Precautions,
Limitations and Setpoints (PLS) document which specify the
following additional requirements to avoid or 1imit potential RCS
overpressure transients which might originate from spurious
actuation of the Safety Injection System:

*Although the STS shows a temperature of 275°F, the appropriate
value varies from plant-to-plant and 1s 1ikely to be as high as
350°F. Note also that the mass input transient resulting from the
actuation of one train of ECCS may be greater than the relief
capacity of the RHRS relfef valves at the low RCS pressures of
concern.
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5.3

During Plant Cooldown and Depressurization:

0 "Block the automatic safety injection circuit when the reactor
coolant pressure is reduced below the automatic unblocking
setpoint. The operator must be prepared to manually ¢ctuate the
system if required.” (consistent with STS Section 3.3./ permission)

0 "Close the accumulator isolation valves and lock out the valve
controllers when the reactor coolant pressure is less than 1000
psig and the temperature is less than 425°F.* (see STS Section
3.5.1)

0 "“When the reactor coolant pressure is less than 1000 psig, lock
out Lhe safety injection pumps and non-operating charging pumps."®
(see STS Sections 3.5.2 and 3.5.3 for operability requirement)

Quring Plant Heatup and Pressurization

0 “Unlock al) safety injection and charging pumps after the
pressurizer steam bubble is formed and the residual heat removal
loop is isolated."™

0 "Unlock and open the accumulator isolation valves when the reactor
coolant pressure approaches 1000 psig.” (STS Section 3.5.1)

0 "Verify that the safety injection actuation block is automatically
removed at the pressure setpoint." (STS Section 3.3.2)

Limitations Regarding When Plani Will Be Taken Water Solid

The Standard Technical Specifications do not completely address the
f5sue of when or under what conditions the RCS mey be water solid except
that in Modes 1, 2 and 3 the pressurizer must not be water solid (S71S
Section 3.4.3). By implication the pressurizer may be water solid for
Modes 4, 5 and & {i.2., RCS temperatures below 350°F).

However, the Westinghouse 0.1. guidelines and PLS document specifically
state that the RHRS must be open to the RCS whenever the plant is
taken to the water solid mode. The statement is as follows:

0 "Do not fsolate the RHR inlet line from the reactor coolant loop
unless there is a steam bubble in the pressurizer. This
precaution s to assure there is a relief valve (i.e., RHR water
relief) protecting the reactor coolant system when it is at low
pressure and solid water.*



5.4

Precautions When Operating in Water Solid Mode

The Standard Technical Specifications do not provide operational
guidance when operating in the water solid mode under Operational Modes
4, 5 and 6 except to require that when the RCS temperature is below
275"k in Mode 4 and when in Modes 5 and 6 with the reactor vessel head
in place, that there be overpressure protection systems operable (STS
Section 3.4.9.3).

To assure that the capability to borate is available in Modes 4, 5 and
6, STS Sections 3.1.2.1, 3.1.2.2 and 3.1.2.3 require that one charging
pump be operable. Also, the Westinghouse 0.I. guidelines specify that
seal injection flow be provided when the system is full which requires
that one charging pump be in operation. Therefore, there will be
charging and letdown flows when the plant is water solid. STS Section
3.1.2.4 also specifies, by means of a foo'.note, that a maximum of one
centrifugal charging pump be operable when the plant is in Mode 4 and
relatively cold. This footnote is an attempt to 1imit the magnitude of
potential mass input transients.

Scction 3.4.1.3 of the STS, which s applicable to Mode 4, does
recognize, in a footnote, that restart of a reactor coolant pump in a
water solid system can cause heat input type pressure transients.
However, in a second footnote, the STS gives permission to have no RCS
€low for up to one hour which will result in temperature conditions in
the RCS conducive to a pressure transient when a reactor coolant pump is
restarted.

Similarly, Section 3.4.1.4.) of the STS, which is applicabie to Mode 5,
again permits RCS temperature conditions to be developed which are
conducive to pressure transienrts although it is less likely that a
reactor coolant pump will be restarted while in Mode 5.

However, the Westinghouse 0.1. guidelines and PLS document provide many
caution statements which are intended to prevent overpressure transients
in the RCS and thus the need to challenge the water relief valves in the
RHRS, or 1f the RHRS valves are not available, the COMS.

To avoid mass input transients resulting from a chi-ging/letdown flow
mismatch taused by operator action, the following caution statement is
provided in the 0.1.'s and PLS:

0 ‘“Whenever the plant is solid water and the reactor coolant
pressure is being maintained by the low pressure letdown contro)
valve, letdown flow must bypass the normal letdown orifices via
the residual heat removal system with the isolation valve in the
bypass 1ine in the full open position. During this mode of
operation, all three letdown orifices must also remain open.*
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A special type of charging/letdown flow mismatch transient which can be
initiated by the operator, when under water solid pressure control,
involves changes in the flow rate through the RHRS (see Section 3.6 and
Figure 3.3). Therefore the following precaution is provided to the
operators in the 0... guidelines and PLS document:

o

"When the reactor coolant pressure is being maintained by the
Tow pressure letdown control valve, changes to the flow rate
through the residual heat removal loop by throttling of valves
or starting and stopping the residual heat removal pumps will
result in changes to the reactor coolant pressure. For example,
stopping of the residual heat removal pumps may cause an
increase in the reactor coolant pressure of between 100-150

psig.*

To avoid developing those conditions which might lead to a heat input
type transient to the RCS or to transients caused by operator action,
the following caution statements have been provided to the operators:

0

"During coolown, all steam generators should be connected to the
steam header to assure uniform cooldown of the reactor coolant
loops.*"

"Whenever the reactor coolant temperature is above 160°F, at
least one reactor coolant pump should be in operation to
maintain uniform temperature conditions in the system.*

"1f all reactor coolant pumps have been stopped for more than
five minutes and the reactor coolant temperature is greater than
the charging and seal injection water temperature, do not
restart the first pump until a steam bubble has been formed in
the pressurizer. This precaution will minimize the pressure
transient when the first pump 1s started and the cold water
previously injected by the charging pump s circulated through
the warmer reactor coclant components. The steam bubble will
accommodate the resuitant expansion as the cold water is rapidly
warmed . "

“If all reactor coolant pumps are stopped and the reactor
covlant is being cooled down by the residual heat exchangers, a
non-uniform temperature distribution may occur in the reactor
coolant system. Do not attempt to restart a reactor coolant
pump unless a steam bubble exists in the pressurizer.*



5.9

i 1 Remov lation Valv k

The water relief valves in the RHRS are provided to prevent pressure
transients initiated in the RCS from exceeding the design pressure of
the RHRS. At the same time these RHRS relief valves will mitigate the
effect of the initiating transient on the RCS. An administrative
control (Section 5.3) specifies that the RHRS isolation valves not be
closed deliberately unless there is a steam bubble in the pressurizer so
that the RHRS relief valves are available when the plant is at
relatively low temperature and pressure conditions.

As an additional precaution, Westinghouse Technical Bulletin NSD-TB-77-7
recommends that, when the RCS is at zero pressure, the power supplies to
the suction isolation valves be locked out in such a way that the RHRS
would not be isolated by a single pressure instrument malfunction. This
additional precautfon is intended to prevent both a loss of RHRS cooling
and potential damage to the residual heat removal pumps caused by the
auto-close interlock. Since this precaution involves valve power
lockout only when the RCS is at zero pressure, that is, when open to the
atmosphere, it does not directly impact reactor pressure transients but
is identified here for completeness.



6.1

6.0 SETPOINT DETERMINATION

genery’
The selection of rroper COMS setpoints for tripping the PORV's requires

the consideration of teveral system parameters including:

6.2

Volume of reactor coolant involved in transient

RCS pressure signal transmission delay

Volumetric capacity of the relief valves versus opening position
Siroke time of tha r21ief vaives (open & close)

Initial temperature and pressure of the RCS

. Mass input rate irto RCS

Temperature of injected fluid

. Heal transfer characterist cs of the steam generators

Initia) temperature asymmetry between RCS and SG secondary water
Initial temperature asymetry Letween RCS and loop seal water
Volume of cold loop seal

. Mass of steam gencrator secondary water

. RCP startup dynamics

. RCP #1 seal AP requirements

. Appendix G pressure/temperature characteristics of the reactor
vessel

O D03 =Nt o mDAOANOTE

Pr r imi ] fon

The /unction of the COMS s 15 prevent the RCS pressure from increasing
abuve 1imits prescribed by the silowable pressure/temperature
characteristic for the specific reactor vessel materia)l in accordance
with rules given in Appendix G to IOCFR50. A typica) characteristic is
stiown by Figure 6.1 where the allowable system pressure increases with
‘ncreasing temperature. 1ihis type ¢f curve sets the nominal upper limit
¢r the pressure which snould not be exceeded during RCS increasing
pressure transients.

When a relief valve is actuated to witigate an increasing pressure
transient, the release of a voiume of cuolant through the valve will
cause the pressure increaze to be slowed and reversed as described by
Figure 6.2.° The system pressure then decreases, as the relief valve
releases coo’ant, unti) a reset prossure is reached where the valve is
signalied to close. Note that the pretsure continues to decrease below
the reset pressure as the valve recloses. The nominal lower 1imit on the
pressure during tnz (ransient is selected based on a requirement of the
reactor coolant pump # seal t: maintain a nominal 200 psig differential
pressurc across the sea’ faces.

The nominal Appendix € uoper 1imit and nominal RCP #1 seal lower limit

pressure values create 2n acceptable RIS pressure range into which the
setpoints for toth PURV's must be fit as shown on Figures 6.3 and 6.4,
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where the setpoint pressure range is insufficient to accommodate
both the pressure overshoot and undershoot, produced by the PORY
operation, compliance with the Appendix G upper pressure limit will
take precedence over the RCP #. sea)l lower pressure limit.

Mass Input Consideration

For a particular design basis mass input transient to the RCS, the
~elief valve will be signalled to open at a specific pressure
setpoint. However, as shown on Figure 6.2, there will be a pressure
Jvershoot during the delay time before the valve starts to move and
during the time the valve is moving to the full open position. This
overshoot is dependent on the dynamics of the system and input
parameters and results in a maximum system pressure somewhat higher
than the set pressure. Similarly there will be a pressure
undershoot while the valve is relieving both due to the reset
pressure being below the setpoint and to the delay in stroking the
valve closed. The maximum and minimum pressures reached in the
transient are a function of the selected setpoint and must fall
within the acceptable pressure range shown on Figure 6.3. A locus
of the maximum and minimum pressure values calculated for several
selected setpoints are plotted on Figure 6.3. The shaded area
represents the acceptable range from which to select the setpoint
based on the design bases mass input case.

Heat Input Consideration

The design basis heat input case is done similarly to the mass input
case except that the locus of transient pressure values versus
selecled setpoints may be determined for several values of the
fnitial RCS temperature. This heat fnput evaluation provides a
range of acceptable setpoints dependent on the reactor coolant
temperature whereas the mass input case 1s limited to the most
restrictive low temperature condition only. The shaded area on
Figure 6.4 describes the acceptable band for a heat input transient
from which to select the setpoint for a particular initial reactor
coolant temperature.
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6.5 Final Setpoint Selection

By superimposing the results of the mass input and heat input cases,
from a series of figures such 2s 6.3 and 6.4, the range of allowable
setpoints to satisfy both conditiuns can be selected subject to the
statement qualification of Section 6.2. The setpoints will
typically be 1isted in the Precautions, Limitations and Setpoints
document, as system pressure setpoints versus temperature for use in
scaling the function generators. Each of the two vaives may have a
different pressure setpoint versus temperature 1ist calculated such
thal only one valve will open and mitigate the transient (the second
valve operates only if the first fails to open on command).

However, the staggered setpoints must result in the system pressure
staying within the nominal pressure band shown by Figures 6.3 and
6.4 when either valve is utilized to mitigate the transient.

The selection of the pressure setpoints for the PORV's is based on
the use of nominal upper and lower pressure limits specified by
Appendix G to 1OCFR50 and the reactor coolant pump shaft seals
respectively. Since both pressure 1imits are considerd to have been
conservatively determined, the uncertainties in the COMS
instrumentation are not explicitly utilized in the selection of the
pressure setpoints. Therefore, if the instrumentation develops a
calibration error or drifts out of alignment in the most unfavorable
direction, one or the other nominal pressure limits might be
exceeded dur'ng a transient. However, the deviation from the
nominal 1imi.s will be 1imited to a value less than the instrument
uncertainty. See Section 7.0 for a discussion of the instrument and
control unce~tainties.

3



1.1

7.2

7.0 INSTRUMENT & CONTROL CHARACTERISTICS
Pressure Channels

The monitoring of the reactor coolant pressure for use in COMS is by
means of two wide-range pressure channels having a range of 0-3000
psig. Each of these pressure instrument channels consists of a
completely separate set of devices powered from independent power
sources. Each channel typically includes a transmitter, power
supply and MCB indicator. The pressure signal 1s also sent to a
comparator which compares the indicated pressure with a calculated
PORV setpoint pressure value for the prevailing temperature.

In accordance with the Westinghouse accepted method of determining
the uncertainty in the pressure signal to the comparator, the sensor
and process rack uncertainties are combined to obtain the overall
channel uncertainty. The value of the pressure uncertainty is
typically about 60 psig for the wide-range pressure channels using
Barton transmitters and 53 psig using other vendor's transmitters

lemperature Channels

The monitoring of the reactor coolant temperature for use in COMS is
by means of multiple, wide-range temperature channels, in both the
hot and cold legs, having a range of 50-700°F. Each temperature
channel consists of a resistance temperature detector and associated
R/E converter and power supply. Several of the temperature signals
associated with a particular power source are auctioneered to select
the lTowest indicated temperature of the group. This selected low
temperature is then processed in a function generator where a relief
valve pressure setpoint 1s calculated.

The uncertainty in the temperature signal being sent to the function
generator is evaluated by combining the sensor and process rack
uncertainties. The result of the combination of these effects is an
uncertainty in the temperature measurement of about 14.4°F,
exclusive of any temperature stratification or streaming in the loop
piping.

aSle



7.3

Overall Trip Uncertainty

The function generator takes the autioneered low indicated
temperature for the particular channel and converts the temperature
signal into a relief valve setpoint pressure signal based on
specific Appendix G curves for the particular reactor vessel. A
typical Appendix G curve (Figure 6.1) indicates the calculated
pressure value will be relatively insensitive to the temperature
sigral uncertainty at low system temperatures (typically below
100°F) so that the overall uncertainty in the pressure trip setpoint
will be on the order of 100 psig.

However, as seen from Figure 6.1, the calculated pressure value for
syslem temperatures above 200°F becomes more sensitive to the
uncertainty in the indicated temperature. Fortuitously the design
overpressure transients utilized for the determination of the COMS
setpoints occur at temperatures below 200°F where the instrument
uncertainty is not as sensitive to the indicated temperature.
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8.1

8.2

8.0 RELIEF VALVE CHARACTERISTICS

General Description

The COMS utilizes one of the two power operated relief valves (PORV)
Tocated on the pressurizer as the active component to mitigate
certain overpressure transients to the RCS. There are two types of
PIORV's currently used in Westinghouse designs; an air-operated,
spring-to-close globe valve and a solenoid-pilot-operated, process
pressure actuated valve.

The air-operated type valve, shown by Figure 8.1, requires a
reliable source of compressed gas to actuate the valve to the open
position. To assure at least one of the two valves will respond on
demand, the single failure criterion requires a separate,
independent source of compressed gas and controls for each valve.
Also, since the valve wil) ctycle open-and-closed repeatedly during
some transients, an adequate volume of gas must be available to
suslain the cycling action until the operator intervenes to gain
control of the RCS pressure.

The second type of valve which may be used as a PORV is the
pilot-operated valve shown by Figure 8.2. This type of valve is
caused to stroke open or cloted by a differential pressure across
the plug in the valve body. This differential pressure is supplied
by the process fluid and is controlled by the pilot valve and
orifices between the pilot and main valve. For these valves the
electrical power supplies to the pilot valves must be separate and
independent to provide the single failure protection for the COMS.

Stroke Time

The stroke time for the air-operated type valve has been specified
as <2 seconds to open and <5 seconds to close to meet the norma)
operating pressure relief function at high pressurizer pressures.
Note that to support these stroke times, the air supplies to the
valve and the venting path must be made compatible with the
requirements of the air operator on the valva,

For the COMS function, with pressurizer pressures about one-fourth
the normal relfeving pressures, the stroke times may be longer than
at the normal relieving pressure. However, if the stroke times for
the COMS function are made shorter, the performance of the COMS is
improved. That is, the overshoot and undershoot pressure are
decreased, but the valve wil) cycle at a higher frequency and a
larger stored volume of gas would then be required to sustain the
cycling for a given operator action time perfod. Therefore, it is
not desirable to cause the air-operated type of valve to stroke more
rapidly than necessary to meet the minimum COMS requirements.
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8.3

!

The stroke times for a Jarticular design air-operated PORV were
determined in experimental tests sponsored by EPRI*. From several
of the tests the opening stroke time was found to average about 2.4
seconds for various pressure/temperature conditions.

The pilot-operated type valve opening and closing stroke times can
be varied by changing the control orifices . Since this type of
valve does not require a stored energy source (such as a supply of
gas) the increased cycles of valve operation due to a shorter stroke
time is nct a concern. Therefore, the stroke time can be shortened
to improve the COMS performance if the increase in the hydraulic
loads imposed on the piping can be tolerated. The final selection
of the stroke time of the Garrett pilot-operated valve is to be
determined after an evaluation of acceptable oiping loads has been
compleled. For one particular configuration of a Garrett
pilot-operated PORV, the EPRI sponsored tests demonstrated the valve
stroked open in about 3.2 second average fcr various
pressure/temperature conditions.

Flow Capacity of PORV

The design flow capacity of the PORV's was specified to provide the
required steam relief for normal reactor operational transients.
This requirement led to vendors supplying air-operated valves with
maximum C,'s between 45 to 57. From one of the flow tests
sponsored by EPRI, the apparent Cy for an air-operated type valve
was calculated to be 60.4 which demonstrates that the typical
vendor's design sizing 1s conservative.

Similarly, the experimental capacity from the EPRI tests of the
Garrett pilot-operated valve indicated the apparent Cy to be 90
wherc the design Cy was originally estimated by the vendor to be
about 60.

*EPRI/WYLE Power-Operated Relief valve Phase III Test Report, EPRI
NP-2670-LD, October, 1982 Voiumes 1, 8, 11.
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10CFR50 Appendix A.
“GENERAL DESIGN CRITERIA IN NUCLEAR POWER PLANTS"

Criterion Jé4—Residual heat removal. A sys-
tem to remove residual heat shall be pro-
vided. The system safety function shall be
to transfer fission product decay heat and
oiher residual heat from the reactor core at
n rate such that specified acceptable fuel
detign limits and the design conditions of
the reactor coolant pressure boundary are
not exceeded.

Sultable redundancy in components and
features, and sultable interconnections, leak
detection, and Isclaticn capabllities shall be
provided to assure tha® for onsite electrics
power system cperation (assuming offsite
power 18 not avallable) and for offsite elec~
tric: power system operation (sssuming on-
site power Is hot avallable) the system safety
function can be accomplished, assuming a
single fallure,
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: BRANCH TECHNICAL POSITION ICSB 3
ISOLATION OF LOW PRESSURE SYSTEMS FROM THE MIGH PRESSURE REACTOR COOLANT SYSTEM

During normal and esergency conditions, 1t fs necessary to keep low pressure systess
that are connected to the high pressure reactor coolant systes properly fsolated in
order to avoid dasage by overpressurization or the potential for loss of integrity of
the low pressure system and possible radicactive releases. There have been a number of
Fecommendations for accomp!ishing this afe. Untf) & mcre definitive guide 15 published,
the criterfa in Part 8, below, provide an #dequate and acceptable design selution for
this concern, .

. — ‘-

The following measures should be incorporated In designs of the fnterfaces between low
Pressure systems and the high pressure reactor coolant systes:

L. At Jeast two valves 1n serfes $hould be provided to fsolate any subsystam whenever
the primary systes pressure 1s above the pressure rating of the subsystem.

2. For system intarfaces whers both valves are motor-operated, the valves should have
independent and diverse interlocks to prevent both from opening unless the primary
System pressure 15 below the SuDsystem design pressure. Also, the valve operators
should receive & signal to close automatically whenever the primary systes pressure
exceeds the subsystem design pressure.

3. For those system Intarfaces whare one check valve and one motor-operated valve are
provided, the motor-operated valve should be intariocked to prevent the valve from
opening whenever the prisary pressure 1s above the subsystes design pressure, and
to close sutomatically whenever the primary systes pressure exceeds the sbsystes
dusign pressure.

4. Suftadle valve pesition Indication should be provided 1n the control roos for the
intarface valves.

5. For thore Interfaces where the Subsystem 18 required for ECCS operation, the above
Fecommendations need not be faplesented. Systes Interfaces of this type should be
evaluated on an Individual case basis.
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BRANCH TETHNICAL POSITION RSB §-2
QVERPRESSURIZATION PROTECTION OF PRESSURTZED WATER REACTORS
i : 3

: 14 S & i

A.  Background

General Design Criterion 15 of Appendix A of 10 CFR Part S0 requires that “the
actor Coolant System and associated auxilfary, control, and protection

systems shall be designea with sufficient margin to assure that the design

conaitions of the reactor coolant pressure boundary are not exceeded during

any congition of normal operation, including anticipatea operational occurrences.®

Anticipatea operational occurrences, as defined n Appendix A of 10 CFR Part S0,
% “those conaitions of normal operation whic! are expected %o occur one or
sore times during the 11fe of the nuclear powe: unit ana inciude but are not
leitea o loss of power to all recirculation pumos, tripping of the turtine
generator set, fsolation of the main conaensar, and loss of all offsite power.®

Aopendix G of 10 CFR Part 50 provides the fracture toughness recuiresents for
PRACIOF pressure vessals under certain congitions. To assure Lat the Appenoix G
li@its of the reactor coolant pressure bouncary are not exceec: ‘during any
anticipatec operational occurrences, tscnnical specification pressure~tesperature

limits are providea for operating the plant.

The prisary concern of this position fs that during startup and shutdown
sonaitions at low tesperature, especially in a water-solid conaition, the
ACIor coolant system pressure m1gnt exceed the reactor vessel pressure~
temperature Iiaitations in the tecnnical specifications estadlishes for protec-
tion against brittle fracture. This {nadvertent overpressurization couid de
enerated Dy any one of & variety of saifunctions or operator errors. Many
ncidents have occurred n operating plants as describea in Reference 1.

Additional discussion on the background of -this position s contained in
Reference 1.

8. Branch Position

1. A systes should be desi and instailed which will prevent axceeaing
the appliicable tachnical specifications and Appendix G limits for
the reactor coolant systes wnile operating at low tesperatures. The
. Systes should be capabie of reifeving pressure during all anticipated
overpressurization events at a rate sufficient to satisfy the tecnnmical
specification limits, particularly while the reactor cooiant systee

1s in a vatar-solid conaition.

2. The system should be able to perfors fts function assuming amy single
sctive component failure. Analyses using appropriate calculationa
tacnniques sust be provided which desonstrate that the systes will

rovide the required pressure relfef capacity assuming the sost

fmiting single active fatlure. The cause for fnitiation of the
eveilt, e.g., operator error, component malfunction should not be
considerea as the single active failure. The analyses should assuae
the most Ifmiting allowad/e operating conaitions ana systems configura~
tion at the time of the postulates cause of the overpressure event.
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AN potential overpressurization events should te considered wnen

cstaulisninq the worst-case event. Some events ®ay be prevented by
protec.ive interiocks or by locking out power. These events shouia
be identified un an inagividual basis. [f the events are exclugeg
from the anaiyses, the controis to prevent these events should be in
tre plant tncnnical_spec:(jcations.

The system shauld e designed using IEEE Std.-279 as guidance (see
implementation). The system @3y be manually enabled, however, an
dlarm to alert the cperator to enaple the system at the correct
plant condition during cooldown, should be provided. Pecsitive
inafcation shou]d be provided to fndicate when the system is enabled.
An alarm should "Se provided wher the protective action {s initiateaq.

To assure operational readiness, the overpressure protection sysiea
should be testable. Technical specification surveillance requiresents
should include: " ‘

“d. A test performed to assure operability of the system (exclusive

of relfef valves) prior to each shutdown.

b. A test for vaive operability, as a einiaua, be conducted as
specified in the ASME Code Saction XI.

The system must meet the requiresents of Regulatory Guide 1.2,
“Quaiity Grouo Classifications ang Standaros for Water-, Steam-, and
Raaioacztvn-ihsta-Cantaininq Comoonents of Nuclear Power Plants,*
ana Section [II of the ASME Coge.

The overpressure protection systes should be designed to function
during an Operating Basis Earthguake. It should not compromise the
design criteria of any other safety~grade system with whicn it would
interface, such that the requiresents of Regulatory Guide 1.29,
“Seisaic Design Classification,” are met. '

The overpressure protection systes should not depend on the avail-

ability of offsite power to perform its function. The system shouid

gz :pcranlc from battery-backed power sources, not necessarily Class
uses.

Overpressure protection systems which take credit for an active
comsonent(s) to mitigate the consequences of dn overpressurization
event should include additional analyses considering inadvertent
system initiation/actuation or provide justification to show that
existing analyses bound such an event.

If pressure relief is from a low pressure system, not normaily
connectea to the primary system, the overpressure protection function
should not be defeated by interiocks which would fsolate the low
pressure systes from the primary coolant systes. (See BTP ICSB3)

References

1

NUREG-0138, Staff Discussion of Fifteen Techrical Issues Listec in
Atticnmeot to Novemper 3, 1976 Memoranous from Jirector, NRR, to NRR

Star?.
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REACTIVITY CONTROL SYSTEMS
3/4.1.2 BORATION SYSTEMS
FLOW PATH - SHUTDOWN

LIMITING CONDITION FOR OPERATION

3.1.2.1 As a minimum, one of the following boron injection flow paths shall
be OPERABLE and capable of being powered from an OPERABLE emergency power
source.

a. A flow path from the boric acid tanks via either a boric acid
Lransfer pump or a gravity feed connection and a charging pump to
the Reactor Coolant System if the boric acid storage ta'k in
Specification (3.1.2.5a) is OPERABLE, or

b. The flow path from the refueling water storage tank via a charging
pump to the Reactor Coolant System if the refueling water storage
tank in Specification (3.1.2.5b) is OPERABLE.

APPLICABILITY: MODES 5 and 6.

ACTION:

With none of the above flow paths OPERABLE or capable of being powered from an
(PERABLE emergency power source, suspend all operations involving CORE
ALTERATIONS or positive reactivity changes.

SURVEILLANCE REQUIREMENTS

4.1.2.1 At least one of the above required flow paths shall be demonstrated
LE:

a. At least once per 7 day:. hy verifying that the temperature of the
heat traced portion of the flow path is greater than or equal to
(65)°F when a flow path from the boric acid tanks is used.

b. At least once per 31 days by verifying that each valve (manual,
power operated, or automatic) in the flow path that is not locked,
sealad, or otherwise secured in position, is in its correct
position.
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REACTIVITY CONTROL SYSTEMS
FLOW PATHS - OPERATING

LIMITING CONDITION FOR OPERATION

3.1.2.2 At least two of the following three boron injection flow paths shall
be OPERADLE:

a. The flow path from the boric acid tanks via a boric acid transfer
Pump and a charging pump to the Reactor Coolant System.

b. Two flow paths from the refueling water storage tank via charging
pumps to the Reactor Coolant System.

APPLICABILITY: MODES 1, 2, 3, and 4”.
ACTION:

With only one of the above required boron injection flow paths to the Reactor
Cooiant System OPERABLE, restore at least twc boron injection flow paths to
the Reactor Coolant System to OPERABLE status within 72 hours or be in at
least HOT STANDBY and borated to a SHUTDOWN MARGIN equivalent to at least

1% delta k/k at 200°F within the next 6 hours; restore at least two flow paths
to OPERABLE status within the next 7 days or be in COLD SHUTDOWN within the
next 30 hours.

SURVEILLANCE REQUIREMENTS

4.1.2.2 At least two of the above required flow paths shall be demonstrated
OPERABLE:

a. At least once per 7 days by verifying that the temperature of the
heat traced portion of the flow path from the boric acid tanks is
greater than or equal to (65)°F when it is a required water source.

b. At least once per 31 days by verifying that each valve (manual ,
Power operated, or automatic) in the flow path that is not locked,
sealed, or otherwise secured in position, is in its correct position.

€. At least once per 18 onths during shutdown by verifying that each
automatic valve in the flow path actuates to its correct position on
a __ test signal.

d. At least once per 18 months by verifying that the flow path required
by Specification 3.1.2.2.a delivers at least — 3Pm to the Reactor
Coolant System.

laﬁly one boron injection flow path is required to be OPERABLE whenever the
temperature of one or more of the RCS cold legs is less than or equal to
(275)°F,

W-5TS 3/4 1-8 MA3 ¢t e



REACTIVITY CONTROL SYST

CHARGING PUMP - SHUTDOWN

LIMITING CONDITION FOR OPERATION

3.1.2.3 One char?ing in the boron injection flow path required by
ification (3. .2.1%11 be OPERABLE and capable of being powered from an
OPERABLE emergency power source.

APPLICABILITY: MODES 5 and 6.

ACTION:

With no charging pump OPERABLE or capable of being powered from an OPERABLE
emergency power source, suspend all operations involving CORE ALTERATIONS or
positive reactivity changes.

SURV REQUIREMENTS

4.1.2.3.1 The above required charging pump shall be demonstrated OPERABLE by
verifying, that on recirculation flow, the pump develops a discMrr pressure
:fog;uur than or equal to psig when tested pursuant to Specification

4.1.2.3.2 A1 charging pumps, excluding the above required OPERABLE pump,
shall be demonstrated inoperable at least once per 12 hours, except when the
reactor vessel head is removed, by verifying that the motor circuit breakers
have been removed from their electrical power supply circuits.
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REACTIVITY CONTROL SYSTEMS
CHARGING PUMPS - OPERATING

LIMITING CONDITION FOR OPERATION

3.1.2.4 At least two charging pumps shall be OPERABLE.

APPLICABILITY: MODES 1, 2, 3 and 4",

ACTION:

With only one charging pump OPERABLE, restore at least two charging pumps to
OPERABLE status within 72 hours or be in at least HOT STANDBY and borated to a
SHUTDOWN MARGIN equivalent to at least 1% delta k/k at 200°F within the next 6

hours: restore at least two charging pumps to OPERABLE status within the next
7 days or be in COLD SHUTDOWN within the next 30 hours.

SURVEILLANCE REQUIREMENTS

4.1.2.4.1 At least two charging pumps shall be demonstrated OPERABLE by
verifying, that on recirculation flow, each pump develops a discMrr pressure
f

:fog;uur than or equal to psig when tested pursuant to Specification

4.1.2.4.2 A)) charging pumps, except the above required OPERABLE pump, shal)

be demonstrated inoperable at least once per 12 hours whenever *he temperature
of one or more o/ the RCS cold legs is less than or equal to (275)°F by verifying
that the motor cfrcuit breakers have been removed from their electrical power
supply circuits,

'A maximum of one centrifugal charging pump shall be OPERABLE whenever the

:mntun of one or more of the RCS cold legs fs less than or equal to
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TOR T_SYSTEM
HOT_SHUTDOWN

LIMITING CONDITION FOR OPERATION

3.4.1.3 a. At least two of the Reactor Coolant and/or residua) heat remova)
(RHR) loops listed below shall be OPERABLE:

1. Reactor Coolant Loop (A) and its associated steam generator
and reactor coolant pump,*

2. Reactor Coolant Loop (B) and its associated steam generator
and reactor coolant pump,*

3. Reactor Coolant Loop (C) and fts associated steam generator
and reactor coolant pump, *

4. Reactor Coolant Loop (D) and its associated steam generator
and reactor coolant pump,*

5. Residual Heat Removal Loop (A),
6. Residual Meat Removal Loop (B).

b. At least one of the above Reactor Coolant and/or RHR loops shal)
be in operation **

APPLICABILITY: MODE 4.
ACTION:

a. With less than the above required Reactor Coolant and/or RHR loops
OPERABLE, immediately inftiate corrective action to return the
required loogs to OPERABLE status as soon as possible; if the
;:umi'mm OPERABLE Yoop is an RHR loop, be in COLD SHUTDOWN within

urs.

b.  With no Reactor Coolant or RMR loop in operation, suspend all
operations involving a reduction in boron concentration of the
Reactor Coolant Sys and immediately initiate corrective action to
return the required coolant loop to operation.

“WKReactor Cootant pump shall not be started with one or more of the Reactor
Coolant System cold leg temperatures less than or equal to (275)°F unless
1) the pressurizer water volume 1s less than cubic feet or 2) the
secondary water temperature of each steam generator is less than oF
above each of the Reactor Coolant System cold leg temperatures.

**A11 Reactor Coolant pumps and residual heat removal pumps may be de-energized
for up to 1 hour provided 1) no operations are permitted that would cause
dilution of the Reactor Coolant System boron concentration, and 2) core
outlet temperature is maintained at Teast 10°F below saturation temperature.

: 4
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REACTOR COOLANT SYSTEM
SURVEILLANCE REQUIREMENTS

4.4.1.3.1 The required Reactor Coolant pump(s), if not in operation, shall be
determined to be OPERABLE once per 7 days by verifying correct breaker alignments
and indicated power availability.

4.4.1.3.2 The required steam generator(s) shall be determined OPERABLE by
verifying secondary side water level to be greater than or equal to (17)% at
least once per 12 hours.

4.4.1.5.3 At least one Reactor Coolant or RHR loop shall be verified to be in
operation and circulating reactor coolant at least once per 12 hours.
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REACTOR COOLANT SYSTEM
COLD SHUTDOWN - LOOPS FILLED
LIMITING CONDITION FOR OPERATION

3.4.1.4.1 At least one residual heat removal (RHR) loop shall be OPERABLE and
in operation®, and either:

a. One additional RHR loop shall be OPERABLE#, or

b.  The secondary side water level of at least two steam generators
shall be greater than (17)%.

APPLICABILITY: MODE 5 with Reactor Coolant loops filled™
ACTION:

a. With less than the above required loops OPERABLE or with less than
the required steam generator level, immediately initiate corrective
action to return the required loops to OPERABLE status or to restore
the required level as soon as possible.

b. With no RHR loop in operation, suspend all operations involving a
reduction in boron concentration of the Reactor Coolant System and
immediately initiate corrective action to return the required RHR
loop to operation.

SURVEILLANCE REQUIREMENTS

4.4.1.4.1.1 The required RHR loop shall be demonstrated OPERABLE pursuant to
Specification 4.0.5.

4.4.1.4.1.2 The secondary side water level of at least two steam

generators when required shall be determined to be within Timits at least once per
12 hours.

4.4.1.4.1.3 At least one RHR Toop shall be determined to be in operation and
circulating reactor coolant at least once per 12 hours.

# One RHR Toop may be inoperable for up to 2 hours for surveillance testing
provided the other RHR loop is OPERABLE and in operation.

A Reactor Coolant pump shall not be started with one or more of the Reactor
Coolant System cold leg temperatures less than or equal to (275)°F unless
1) the pressurizer water volume is less than cubic feet or 2) the
secondary water temperature of each steam generator is less than °F
above each of the Reactor Coolant System cold leg temperatures.

**The RHR pump may be de-energized for up to 1 hour provided 1) no operations
are permitted that would cause dilution of the Reactor Coolant System boron
concentration, and 2) core outlet temperature is maintained at least 10°F
below saturation temperature.
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REACTOR COOLANT SYSTEM
COLD SHUTDOWN - LOOPS NOT FILLED

LIMITING CONDITION FOR OPERATION

3.4.1.4.2 Two residual heat removal (RHR) loops shall be OPERABLEY and at
least one RHR loop shail be in operation.*

APPLICABILITY: MODE 5 with Reactor Coolant loops not filled.
ACTION:
a. With less than the above required Toops OPERABLE, immediately initiate

corrective action to return the required loops to OPERABLE status as
soon as possible.

b.  With no RHR loop in operation, suspend all operations involving a
reduction in boron concentration of the Reactor Coolant System and
immediately initiate corrective action to return the required RHR
loop to operation.

SURVETLLANCE REQUIREMENTS

4.4.1.4.2.1 The required RHR loops shall be demonstrated OPERABLE pursuant to
Specification 4.0.5.

4.4.1...2.2 At least one RHR loop shall be determined to be in operation and
circulating reactor coolant at least once per 12 hours.

S s -

L One RHR Toop may be inoperable for up to 2 hours for surveillance testing
provided the other RHR loop is OPERABLE and in operation.

* The RHR pump may be de-energized for up to 1 hour provided 1) no operations
are permitted that would cause dilution of the Reactor Coolant System boron
concentration, and 2) core outlet temperature is maintained at least 10°F
below saturation temperature.
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REACTOR COOLANT SYSTEM
3/4.4.3 PRESSURIZER

LIMITING CONDITION FOR OPERATION

3.4.3 The pressurizer shall be OPERABLE with a water volume of less than or
equal to (1656) cubic feet, and at lea:: two groups of pressurizer heaters
each having a capacity of at least (150) kw.

APPLICABILITY: MODES 1, 2, and 3.

ACTION:

a. With one group of pressurizer neaters inoperable, restore at least two
groups to OPERABLE status within 72 hours or be in at least HOT STANDBY
within the next 6 hours and in HOT SHUTDOWN within the following 6 hours.

b. With the pressurizer otherwise inoperable, be in at least HOT STANDBY

with the reactor trip breakers open within 6 hours and in HOT SHUTDOWN
within the following 6 hours.

|

SURVEILLANCE REQUIREMENTS

4.4.3.1 The pressurizer water volume shall be determined to be within its
limit at least once per 12 hours.

4.4.3.2 The capacity of each of the above required groups of pressurizer
heaters shall be verified by measuring circuit current at least once per
92 days.

4.4.3.3 The emergency power supply for the pressurizer heaters shall be
demonstrated OPERABLE at least once per 18 months by manually transferring
power from the normal to the emergency power supply and energizing the
heaters.
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REACTOR T SYST

OVERPRESSURE PROTECTION SYSTEMS
e

LIMITING CONDITION FOR OPERATION

3.4.9.3 At least one of the following overpressure protection systems shal)
be OFERABLE:

4. Two power operated relfef valves (PORVs) with a 11ft setting of
lTess than or equal to (45%0) psig, or

b.  The Reactor Coolant Systes (RCS) depressurized with an RCS vent of
greater than or equal to ( ) squars inches.

APPLI ITY: MODE 4 when the temperature of any RCS cold leg s less than
or oqua‘ & (275)°F, MODE 5 and MODF 6 with the reactor vesse! head on.

ACTION:

a.  With one POV {noperable, restore the {noperable PORV to OPERABLE
status within 7 days or depressurize and vent the RCS through a
( ) square inch vent(s) within the next 8 hours.

b.  With both PORVs fnoperable
( ) square inch vent(s) within 8 hours.

depressurize and vent the RCS through a

€. In the event efther the PORVs or the RCS vent(s) are used to mitigate

an RCS pressure transient, a Special Report shall be prevared and
submitted to the Commission pursuant to Specification 6.9.2 within

30 days. The report shall deicribe the circumstances fnitiating the

transient, the efisct of the PORVs or vent(s) on the transient, and

any corrective actfon necessury to prevent recurrence.
d. The provisions of Specification 3.0.4 are not applicable.
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REACTOR COOLANT SYSTEM

SURVEILLANCE BEQUIREMENTS

4.4.9.3.1 Each PORV shall be desonstrated OPERABLE by:

&.  Performance of a ANALOG CHANNEL OPERATIONAL TEST on the PORY
actuation channel, but excluding valve operation, within 31 days
prior to entering a condition in which the PORV is required OPERABLE
and at least once per 3) days thereafter when the PORV is required
OPERABLE. '

Performance of a CHANNEL CALIBRATION on the PORV actuation channe!
4t least once per 18 months.

Verifying the PORV fsolation valve s open at least once per 72 hours
when the PORV is being used for overpressure protection.

d. Testing pursuant to Specification 4.0.5.

4.4.9.3.2 The RCS vent(s) shall be verified to be open at least once per
12 hours*® when the vent(s) 1s being used for overpressure protection.

'fxcopi when the vent pathway 1s provided with a valve which 1s locked, sealed,
Or otherwise secured in the open position, then verify these valves open at
least once per 3) days.
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3/4.5 EMERGENCY CORE COOLING SYSTEMS

3/4.5.1 ACCUMULATS#S

LINITIQQ_FCWDIT!DN_&QR GPERATION

-——

3.5.7 Each reactor coolan’. system accumulator shall be OPERABLE with:
The {salecion valve apen,

A ceatainec borated water volume of between and gallons,

. A barun concentration of between (1200) and (2100) ppa, and

d. A nitrogen cover-pressure of between and psig.

APPLICABILITY: MODES 1, 2, and 3%,

ACTION:

a. With one accumulator inoperable, except as a result of a closed
isolation valve, restore the inoperable accumulator to OPERABLE
status within 1-hour or pe in at least HOT STANDBY within the next
6 hours and in HOT SHUTHIOWN within the following 6 hours.

With one accumulator incperable due to the isolation valve being
closed, either immediateiy open the isolation valve or be in at
Teast KOT STANDBY within T=nour and in HOT SHUTDOWN within the
following 12 hours.

SURVETLLANCE REQUIREMENTS

¥ — . — —

4.5.1.71 Each accumulator shall pe demonstrated OPERABLE:

&. At Jeast once per 12 hours Sy:

2 Verifying, by the absence of alarms, the contained borated
water volume znd nitrogen cover-pressure in the tanks, and

Verifying that each accumulator isolation valve is open.

*Pressurizer pressure above 1000 psig.




EMERGENCY CORE COOLING SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued)

At Teast once per 31 days and within 6 hours after each solution
volume increase of greater than or equal to (1% of tank volume) by
verifying the boron concentration of the accumulator solution.

At least once per 3] days when the RCS pressure is above 2000 psig
by verifying that power to the isolation valve operator is
disc’nnected by removal of the breaker from the circuit.

At least once per 18 months by verifying that each accumulator
isolation valve opens automatically under each of the following
conditions:

1. When an actual or a simulated RCS pressure signal exceeds the P-1)
(Pressurizer Pressurs Block of Safety Injection) setpoint,

2. Upon receipt of a safety injection test signal.

4.5.1.2 Each accumulator water level and pressure channel shal) be
demonstrated OPERABLE:

a. At least once per 31 days by the performance of a ANALOG CHANNEL
OPERATIONAL TEST.

At least once per 18 months by the performance of a CHANNEL CALIBRATION.




EMERGENCY CORE COOLING SYSTEMS

- o
3/4.5.2 ECCS SUBSYSTEMS T.‘!g > 350°F

LIMITING CONDITION FOR OPERATION

3.5.2 Two independent Emergency Core Cooling System (ECCS) subsystems shall be
OPERABLE with each subsystem comprised of:

b.

One OPERABLE centrifugal charging pump,

One OPERABLE safety injection pump (four loop plants only),

One OPERABLE residual heat removal heat exchanger,

One OPERABLE residual heat removal pump, and

An OPERABLE flow path capable of taking suction from the refueling
water storage tank on a safety injection signal and autometically

transferring suction to the containment sump during the recirculation
phase of operation.

APPLICABILITY: MODES 1, 2, and 3.

ACTION:

W-STS

With one ECCS subsystem inoperable, restore the inoperable subsystem
to OPERABLE status within 72 hours or be in at least HOT STANDBY
within the next 6 hours and in HOT SHUTDOWN within the following

6 hours.

In the event the ECCS is actuated and injects water into the Reactor
Coolant System, a Special Report shail be prepared and submitted to
the Commission pursuant to Specification 6.9.2 within 90 days describ-
ing the circumstances of the actuation and the total accumulated
actuation cycles to date. The current value of the usage factor

for each affected safety injection nozzle shall be provided in this
Special Report whenever its value exceeds 0.70.
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"EMERGENCY CORE COOLING SYSTEMS

SURVEILLANCE REQUIREMENTS

4.5.2 Each ECCS subsystem shall be demonstrated OPERABLE:

W-STS

At least once per 12 hours by verifying that the following valves
are in the indicated positions with power to the valve operators
removed:

Valve Number Valve Function Valve Position

a. a. a.
b. b. b.
c. c. e.

At least once per 21 days by:

1. Verifying that the ECCS piping is full of water by venting the
ECCS pump casings and accessible discharge piping high points,
and

2. Verifying that each valve (manual, power operated or automatic)
in the flow path that is not locked, sealed, or otherwise
secured in position, is in its correct position.

By a visual inspection which verifies that ro loose debris (rags,
trash, clothing, etc.) is present in the containment which could be
transported to the containment sump and cause restriction of the
pump suctions during LOCA conditions. This visual inspection shall
be performed:

1. For all accessible areas of the containment prior to establish-
ing CONTAINMENT INTEGRITY, and

2. Of the areas affected within containment at the completion of

each containment entry when CONTAINMENT INTEGRITY is established.

At least once per 18 months by:

1. Verifying automatic isolation and irterlock action of the RHR
system from the Reactor Coolant System by ensuring that:

a) with a simulated or actual Reactor Coolant System pressure
signal greater than or equal to 425 psig the interlocks
prevent the valves from being opened, and

b) with a simulated or actual Reactor Coolant System pressure
signal less than or equal to 600 psig the interlocks will
cause the valves to automatically close.

2. A visual inspection of the containment sump and verifying that
the subsystem suction inlets are not restricted by debris and
that the sump components (trash racks, screens, etc.) show no
evidence of structural distress or abnormal corrosion.

3/4 5-4
‘NOV 2 1981




EMERGENCY CORE COOLING SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued)

W-STS

e.

At least once per 18 months, during shutdown, by:

1.

Verifying that each automatic valve in the fiow path actuates
to its correct position on (safety injection actuation and
automatic switchover to containment sump) test signals.

Verifying that each of the following pumps start automatically
upon receipt of a safety injection actuation test signal:

a) Centrifugal charging pump
b) Safety injection pump

c) Residual heat removal pump

By verifying that each of the following pumps develops the indicated
discharge pressure on recirculation flow when tested pursuant to
Specification 4.0.5:

1.
.
3.

Centrifugal charging pump > psig
Safety Injection pump > psig
Residual heat removal pump > psig

By verifying the correct position of each electrical and/or mechanical
position stop for the following ECCS throttle valves:

Within 4 hours following completion of each valve stroking
operation or maintenance on the valve when the ECCS subsystems
are required to be OPERABLE.

At least once per 18 months. o
HPSI System LPSI System
Valve Number Valve Number
8 a.
b. b.
B c.
d. d.
3/4 5-5 NOV 20 1380



EMERGENCY CORE COOLING SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued)

W-STS

By performing a flow balance test, during shutdown, following com-
pletion of modifications to the ECCS subsystems that alter the
subsystem flow characteristics and verifying that:

1. For centrifugal charging pump lines, with a single pump running:

a) The sum of the injection line flow rates, excluding the
highest flow rate, is greater than or equal to gpm,
and

b) The total pump flow rate is less than or equal to
gpm.

2. For safety injection pump lines, with a singie pump running:

a) The sum of the injection line flow rates, excluding the
highest flow rate, is greater than or equal to gpm,
and

b) The total pump flow rate is less than or equal to
gpm.

3. For residual heat removal pump Tines, with a single pump
running, the sum of the injection line flow rates is greater
than or equal to gpm.

3/4 5-k
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EMERGENCY CORE COOLING SYSTEMS

3/4.5.3 ECCS SUBSYSTEMS - T.v < _350°F

LIMITING CONDITION FOR OPERATION

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

a. One OPERABLE centrifugal charging pump,#

b. One OPERABLE residual heat removal heat exchanger,

€. One OPERABLE residual heat removal pusp, and

d.  An OPERABLE flow path capable of taking suction from the refueling
water storage tank upon being wmanually realigned and transferring
suction to the containment sump during the recirculation phase of
operation.

APPLICABILITY: MODE 4.

ACTION:

a. With no ECCS subsystem OPERABLE because of the inoperability of
either the centrifugal charging pump or the flow path from the
refueling water storage tank, restore at least one ECCS subsystem to
OPERABLE status within 1 hour or be in COLD SHUTDOWN within the next
20 hours.

b. With no ECCS subsystem OPERABLE because of the inoperability of
either the residual heat removal heat exchanger or residual heat
removal pump, restore at least one ECCS subsystem to OPERABLE status
or maintain the Reactor Coolant System T less than 350°F by use
of alternate heat removal sethods. e

€. In the event the ECCS {s actuated and injects water into the Reactor
Coolant’ System, a Special Report shall be prepared and submitted to
the Commission pursuant to Specification 6.9.2 within 90 days describ-
fng the circumstances of the actuation and the total accumulated
actuation cycles to date. The current value of the usage factor for
each affected safety injection nozzle shal)l be provided in this
Special Report whenever its value exceeds 0.70.

# A maximum of one centrifugal charging pump and one safety injection pump
shall be OPERABLE whenever the temperature of one or more of the RCS cold
legs s less than or equal to (275)°F.

-~



EMERGENCY CORE COOLING SYSTEMS

SURVEILLANCE REQUIREMENTS

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

4.5.3.2 Al charging pumps and safety injection pumps, except the above
required OPERABLE pumps, shall be demonstrated inoperable at least once per 12
hours whenever the temperature of one or more of the RCS cold legs is less
than or equal to (275)°F by verifying that the motor circuit breakers have
been removed from their electrical power supply circuits.

W-§TS 3/4 5-8 ¥V 13 3%
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Subjact Number
Residual Heat Removal Pump NSC.TB- 77=7
Svsten(s) ﬁEf:...-
____Residual Heat Removal System July 15, 1977
Atfectes Mants - O.s
ALL 2005y
References Sheet of
Plant Operations Engineering Letter Dated May S5, 1977 1 2

A review of the current, standard Westinghouse, two suction line, RHR system
revealed the potential for RHR pump damage due to inadvertent suction isola-
tion valve closure. The above potential for RHR pump damage also exists for
single suction 1ine plants. For a two line suction system, the concern is
the inadvertent RHR suction valve closure initiated by spurious actuation of
the RHR autoclosure interlock. The actuation of the interlock could occur as
a result of a single pressure transmitter failure or a single bistable fail-

pump.

If RCS pressure is greater than the shutoff head of the RHR pump (approximate-
ly 200 psi), the RHR pumps should not be damaged by closure of the suction
valves since they operate satisfactorily on miniflow. Also, steam generators
would be available for decay heat removal if it became necessary under the
ibove set of conditions. Therefore, for this plant condition, no action is
recommended.

If RCS pressure is less than the shutoff head of the RHR pumps and the RCS is
closed, the potential for RHR pump damage due to inadvertent closure of the
suction isolation valves exists. However, since the time the plant is in this
condition is typically short and since the steam generators would be available
for decay heat removal if it becomes necessary, no action is recommended for
this plant condition.

ReBna balatr a2 ¢ Reiuerad v i Vot m b g g w il 256-7736 oo 236 7736
M. 8. Painter (lean ST TR — F. C. Wellhofer, Manager
- Mechanical Service 7/’:5_/]7 L Nechanicgl Service 7
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[f the RCS is open to atmosphere with the reactor vessel head on, the potential
for RHR pump damage exists due to inadvertent ciosure of the suction isolation

valves. Makeup to the

RCS could be used for decay heat removal in this case;

however, it would be 1limited by the availability of borated water and would be

difficult to control.

that electrical power be locked out to the suction isolation valve in each
suction line which is powered from an emergency power source different from

To preclude a single event (suction valve closure) re-
sulting in RHR pump damage under the above plant conditions, it is recommended ,;’Eé‘,/

tnat of its respective

pump. The above recommendation also applies if the RCS

s in a refueling condition with the reactor vessel head off and the refuel-

ing canal full.

For a single suction line plant, spurious actuation of the autoclosure inter-
lock, any failure mechanism which results in closing of either suction iso-
lation valve is a concern for single suction line plants, since damage to
both RHR pumps could occur.

The various plant conditions considered above for the two suction Tine applies
to the single Jine system. The recommendations are the same except the elec-

trical power should be

Tocked out for both suction valves and that only one

RKR pump should be operated wnen the RCS is open.

[t is requested that operating plants should review their individual plant
designs to assess whether the recommended actions are both necessary and suf-

ficient. In addition,

those operating plant customers with plants which do

not have RHR low flow alarm may wish to add the alarm to alert the operator
of an inadvertent RHR suction valve closure.



