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PREFACE

This DRAFT NUREG presents the results of the Nuclear Regulatory Commission
(NRC) staff review of the BWR Owners Group (BWROG) proposed new Standaid
Technical Specifications (STS) for the BWR/4 design. These new STS were
developed based on the criteria in the interim Commission Policy Statement on
Technical Specification Improvements for Nuclear Power Reactors, dated
February 6, 1987

The new STS will be used as bases for developing improved plant-specific
technical specifications by individual nuclear power plant owners that have
BWRs designed by General Electric. The NRC staff is issuing this draft new
STS for a 30 working-day comment period. Following the comment period, the
NRC staff will analyze comments received, finalize the new STS, and issue them
for plant-specific implementation,

Comments should be submitted no later than March 15, 1991, in accordance with
the foliowing guidance: The exact wording of each proposed change should be
marked in pen and ink on copies of all the affected pages of DRAFT NUREG-1433,
"Standard Technical Specifications, General Electric Plants, BWR/4." Each
proposed change should be numbered. Each proposed change should be
accompanied with a separate technical justification, cross referenced to the
applicable proposed change on the marked up pages.

Submit written comments to: David L. Meyer, Chief, Regulatory Publications
Branch, Division of Freedom oi Information and Publications Services, Office
of Administration, U. 5. Nuclear Regulatory Commission, Washington, DC 20555
Hand deliver comments to: 7920 Norfolk Avenue, Bethesda, Maryland, between
7:45 a.m. and 4.15 p.m. on Federal workdays.
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Recircuiation Loops Operating
B 3.4.1

‘ B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.1 Recirculation Loops Opcrating

‘}AS[ )

BACKGROUND

The reactor coolant Recirculation System is designed to
provide a forced coolant flow through the core to remove
heat from the fuel. It removes wore heat from the fuel than
would be possible with just natural circulation. The forced
flow, therefore, allows operation at significantly higher
power than would otherwise be possible. The Recirculation
System also controls reactivity over a wide span of reactors
power by varying the recirculation flow rate to control the
void content of the moderator. The reactor coolant
Recirculation System consists of two recirculation pumn
loops external to the reactor vessel. These loopc provide
the piping path for the driving flow of water to the reactor
vessel jet pumps. Each external loop contains one variable
speed motor-driven recirculation pump, a flow control valve,
and a motor-generator (MG) set to control pump speed and
associated piping, jet pumps, valves, and instrumentation.
The recirculation loops are part of the reactor ccolant
pressure boundary and are located inside the drywell
structure. The jet pumpse are reactor vessel internals,

The recirculated coolant consists of saturated water from
the steam separators and dryers that has been sul:cooled by
incoming feedwater. This water passes down the annulus
between the reactor vessel wall and the core shroud. A
portion of the coolant flows from the vessel, through the
two external recirculation loops, and becomes the driving
flow for the jet pumps. Each of the two external
recirculation loops discharges high pressure flow into an
external manifold, from which individual recirculation inlet
lines are routed to the jet pump risers within the reactor
vessel. The remaining poriion of the coolant mixture in the
annulus becomes the suction flow for the jet pumps. This
flow enters the jet pump at suction inlets and is
accelerated by the driving flow. The drive flow and

suction flow are mixed in the jet pump throat section. The
total flow then passes through the jet pump diffuser section
into the area below the core (lower plenum), gaining
sufficient head in the process to drive the required flow
upward through the core.

(continued)




Recirculation Loops Operating

B 3.4.1
BASES (continued)
BACKGROUND The subcooled water enters the bottom of the fuel channels
{continued) and contacts the fuel cladding, where heat is transferred to

the coolant. As it rises, the coolant begins to boil,
creating steam voids within the fuel channel that continue
until the coolant exits the core. Because of reduced
moderation, the steam voiding introduces negative reactivity
that must be compensated for to maintain or to increase
reactor power. The recirculation flow control allows
operators to inciease recirculation flow and sweep some of
the voids from the fuel channel, overcoming the negative
reactivity void effect. Thus, the reason for having
variable recirculatior flow is to compensate for reactivity
effects of boiling over a wide range of power generation
(1.e., ©5% to 100% rated power) without having to move
control rods and disturb desirable flux patterns. Because
of the negative reactivity addition when recirculation flow
iy decreased, reactor ccolant pumps are tripped, resulting
in a void buildup and rapid power reduction offsetting
seriots consequences that might occur in the unlikely event
of an anticipated transient without scram,

Each recirculation loop is manually started from the control
room. The MG set provides regulation of individual
recirculation loop drive flows. The flow in each loop can
be manually or automatically controlled.

APPLICABLE The operation of the reactor coolant Recirculation System is

SAFETY ANALYSES an initial condition assumed in the design basis loss-of-
coolant accident (LOCA) (Ref. 1). During a LOCA caused by a
recirculation loop pipe break, the intact loop is assumed to
provide coolant flow during the first few seconds of the
accident. The initial core flow decrease is rapid because
the recirculation pump in the broken loop ceases to pump
reactor Coolant to the vessel almost immediately. The pump
in the intact loop coasts down relatively slowly. This pump
coastdown governs the core flow response for the next
several seconds until the jet pump suction is uncovered
(Ref., 1). The analyses assume that both loops are operating
at the same flow prior to the accident. If a LOCA occurs
with a flow mismatch between the two loops, the analysis
conservatively assumes the pipe break is in the loop with

(continued)

(continued)
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are

LICABLE the higher flow The flow coastdown and core response
1 ;ince the intact loog

Y ANALYSES potentially more severe in this case,

£
continued) is starting at a lower flow rate and the core response

the same as if both loops were operating at the lower flow
rate The Recirculation System is also assumed to have

sufficient flow coastdown characteristics to maintain fuel
thermal margins ing abnormal operational transien

1ent
(Ref. 2), which alyzed in Che. 15 of the FSAR

<

A plant-specific analysis
[Unit Name] ass nly one ops
This analysis has demonstrated tha
caused by a pipe break in the opes
the Emergency Core Cooling Systen
adequate core cooli
HEAT GENERATION RAT
accordingly (Ref. 3).

no \
Y, MUY $L48)

The transient analyses of Chapter (
have also been performed for single rec

+

operation (Ref. 3) and demonstrate suffic
characteristics to maintain fuel therma
abnormal operational transients anal
' POWER RATIO (MCPR
ingle recircula
Reactor Protectior
APRM) instrument
r the differe
low and react¢
imulated
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Recirculation Loops Operating
B 3.4.1

BASES (continued)

LCO Two recirculation loops are reguired to be in operation with

their flows matched within the limits specified in

SR 3.4.1.1 to ensure that during a LOCA caused by a break of
the piping of one recirculation loop, the assumptions of the
LOCA analysis are satisfied. MWith the 1imits specified in
SR 3.4.1.1 not met, the recirculation loop with the lower
flow must be considered not in operation. With only one
recirculation loop in operation, modifications to the
required APLHGR 1imits (LCO 3.2.1), MCPR 1imits (LCO 3.2.2),
and APRM flow biased simulated thermal power—h igh setpoint
(LCO 3.3.1.1) may be applied to allow continued operation
consistent with the assumptions of Reference 3,

APPLICABILITY In MODES 1 and 2, requirements for operation of the reactor

coolant Recirculation System are necessary since there is
considerable energy in the reactor core and the limiting
design basis transientis and accidents are assumed to occur.

In MODES 3, 4, and 5, the consequences of an accident are
reduced and the coastdown characteristics of the

recivrculation Toops are not important. ‘

ACTIONS Al

With one recirculaticn Toop not in operation, the non-
operating loop must be returned to operation within

24 hours. A recirculation loop is considered not in
operation when the pump in that loop is idie or when the
mismatch between total jet pump flows of the two loops ‘s
greater than required limits. The loop with the iower flow
must be considered not in operation. Should a LOCA occur
with one recirculation loop not in operation, the core fiow
coastdown and resultant core response may not be bounded by
the LOCA analyses. Therefore, only a 1imited time is
allowed to restore the inoperable loop to operating status.

Alternatively, if the single loop requirements of the LCO
are applied to operating limits and RPS setpoints, operation
with only one recirculation loop would satisfy the

(continued)

(continued)




Recirculation Loops Operating
B 3.4.1

. BASES (continued)

ACT.ONS requirements of the LCO and the initial conditions of the
(continued) accident sequence.

The 24-hour Completion Time is based on the low probability
of an accident occurring during this time period, on a
reasonable time to complete the Required Action, and on
frequent core monitoring by operators allowing abrupt
changes in core flow conditions to be quickly detected.

This Required Action does not require trippirg the
recirculation pump in the lowest flow loop when the mismatch
between total jet pump flows of the two loops is greater
than the required limits. However, in cases where large
flow mismatches occur, low flow or reverse flow can occur in
pumps. If zero or reverse flow i1s detected, the condition
should be alleviated by changing pump speeds to reestablish
forward flow or by tripping the pump.

£.1

With no recirculation loops in operation, or a single loop
not restored to operating status within the required
Completion Time and the single loop requirements of the LCO
not applied, the reactor is required to be placed in a MODE
in which the LCO does not apply. This is done by placing the
plant in MODE 3 within 12 hours. In this condition, the
recirculation loops are not required to be operating because
of the reduced severity of design basis accidents and
minimal dependence on the recirculation loop coastdown
characteristics. The allowed Completion Time is reasonable,
based on operating experience, to reach the required MODES

from full powe~ in an orderly manner and without challenging
plant systems

jerification that the recirculation loop flows are within
)]% of rated core flow when operating at < [70]% of rated
e flow and at < [5]% core flow at > [7U]% of rated core
ow every 24 hours when both loops are in operation will
assure against loop flow mismatch. At low core flow (i.e.,
< 70% rated core flow), the MCPR requirements provide larger
margins to the fuel cladding integrity Safety Limit such

(continued)

(continued)




recirculation Loops Operating

B 3.4.1
BASES (continued)
SURVETLLANCE that the potential adverse effect of early boiling
REQUIREMENTS transition during a LOCA is reduced. A larger flow mismatch
(continued) can therefore be allowed when core flow is < 70% of rated

core flow. The recirculation loop jet pump flow, as used in
this Surveillance, is the summation of the flows from all of
the jet pumps associated with a single recirculation loop.

[For this facility, jet pump flows are measured as follows:)

The mismatch i1s measured in terms of percent of rated core
flow. If the flow mismatch exceeds the specified 1imits,
the Toop with the Tower flow is considered inoperable. The
note in this SR specifies that the Surveillance is not
required when both loops are not in operation since the
mismatch 1imits are meaningless during single loop or
natural circulation operation. The 24-hour Frequency is
consistent with the Surveillance Frequency for jet pump
operability verification and has been shown by operating
experience tc be adequate to detect off-normal jet pump loop
flows in a timely manner.

REFERENCES 1. [Unit Name] FSAR, Section [6.3.3.4.], "[Title]."
2. [Unit Name] FSAR, Section [5.5.1.4.], "[Title]."

3. [Plant-specific analysis for single loop operation.]

T I L R NI I I I AT
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Jet Pump
B 3.4.2

‘ B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.2 Jet Pumps
BASES
BACKGROUND The reactor coolant Recirculation System is described in the

Background section of the Bases for LCO 3.4.1, which
discusses the operating characteristics of the system and
how these characteristics affect the design basis accident
analyses.

The jet pumps are part of the reactor coolant Recirculation
S{sten an” »e designea to provide forced circulation
through ti. .ore to remove heat from the fuel. The jet
pumps are located in the annular region between the core
shroud and the vessel inner wall, Because the jet pump
suction elevation is at two-thirds core height, the vessel
can be reflooded and coolant level maintained at two-thirds
core height even with the complete break of the
recirculation loop pipe that is located below the jet pump
suction elevation.

Each reactor coolant recirculation loop contains ten jet
pumps. Recirculated coolant passes down the annulus between
the reactor vessel wall and the core shroud. A portion of
the coolant flows from the vessel, through the two external
recirculation loops, and becomes the driving flow for the
Jet pumps. Each of the two external recirculation loops
discharges high pressure flow into an external manifold from
which individual recirculation inlet lines are routed to the
Jet pump risers within the reactor vessel. The remaining
portion of the coolant mixture in the annulus becomes the
suction flow for the jet pumps. This flow enters the jet
pump at suction inlets and is accelerated by the driving
flow. The drive flow and suction flow are mixed in the jet
pump throat section. The total flow then passes through the
jet pump diffuser section in to the area belcow the core
(lower plenum), gaining sufficient head in the process to
drive the required flow upward through the core.

APPLICABLE Jet pump OPERABILITY 1s an explicit assumption in the design
SAFETY ANALYSES basis loss-of-coolant accident (LOCA) analysis evaluated in
(continued)
(continued)
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Jet Pumps

B 3.4.2
BASES (continued)
APPLICABLE Reference 1. The analysis for the design basis LOCA
SAFETY ANALYSES establishes the acceptance limits for the jet pumps.
(continued) Reference to this analysis is used to assess changes to the

jet pumps as they relate to the acceptance limits.

The capability of reflooding the core to two-thirds core
height is dependent upon the structural integrity of the jet
pumps. If the structural system including the beam holding
a jet pump in place fails, jet pump displacement and
performance degradation could occur, resulting in an
increased flow area through the jet pump and a lower core
flooding elevation. This could adversely affect the water
level in the core during the reflood phase of a LOCA as well
as the assumed blowdown flow during a LOCA.

Jet Pumps satisfies Criterion 2 of the “RC Interim Policy
Statement on Technical Specification Improvements.

LCO The structural failure of any of the jet pumps could cause
significant degradation in the ability of the jet pumps to
allow reflooding to two-thirds core height during a LOCA.
OPERABILITY of all jet pumps s required to ensure that
operation of the Recirculation System will be consistent
with the assumptions used in the licensing basis analysis
(Ref 1). For a jet pump to be OPERABLE it must satisfy
either criteria of SR 3.4.2.1.

APPLICABILITY The jet pumps are required to be OPERABLE in MODES 1 and 2
since there is a large amount of energy in the reactor core
and since the limiting Design Basis Accidents are assumed to
occur in these modes. This is consistent with he
requirements for operaticn of the Recirculation System
(LCO 3.4.1).

In MODES 3, 4, and 5, the Recirculation System is not

required to be in operation, and when not in operation
sufficient flow is not available to evaluate jet pump

operability.

(continued)
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Jet Pumps
B 3.4.2

. BASES (continued)

ACTIONS

An inonerable jet pump can increase the blowdown area and
reduce the capability of reflooding during a design basis
LOCA. If the jet pumps cannot be restored to OPERABLE
status in the associated Completion Time, the plant must be
placed in MODE 3 in which the LCO does not apply. The
allowed Completion Time of 12 hours is reasonable, based on
operating experience, to reach the required MODES from full

power in an orderly manner and without challenging plant
systems.

The Completion Time of Required Action A.1 contains a Note
to clarify that all jet pumps are treated as an entity with

a single Completion Time, i.e., the Completion Time is on a
Condition basis.

SURVEILLANCE SR _3.4.2.1

REQUIREMENTS
This SR is designed to detect significant degradation in jet
pump performance that precedes jet pump failure (Ref. 2).
This SR is required to be performed only when the loop has
forced recirculation flow since surveillance checks and
measurements can only be performed during jet pump
operation. The jet pump failure of concern is a complete
mixer displacement due to jet pump beam failure. Jet pump
plugging is also of concern since it adds flow resistance to
the recirculation loop. Significant degradation is
indicated if the specified criteria confirm unacceptable
deviations from established patterns or relationships. The
allowable deviations from the established patterns have been
developed based on the variations experienced at plants

during normal operation and with jet pump assembly failures
(Refs. 2 and 3).

Three criteria are provided. The first criterion

(SR 3.4.2.1.2) is relatively sensitive to changes in jet
pump performance and is relatively easy to perform. The
second and third criteria (SR 3.4.2.1.b and SR 3.4.2.1c¢)
provide a better indication of true jet pump OPERABILITY and
therefore do not require as stringent limits, although they
are more difficult to perform. If either criterion is

(continued)

' (continued)
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B 3.4.2
BASES (continued)
SURVEITLLANCE satisfied, the jet pumps are considered OPERABLE.
REQUIREMENTS Typically, the first criterion is verified; however, if
(continued) this criterion is not met, the second or third must be met.

The first criterion examines the recirculation pump speed
operating characteristics (pump and loop flow versus pump
speed) that are determined by the flow resistance from the
loop suction through the jet pump nozzles. A change in the
re]atioﬂshiq indicates a plug, flow restriction, loss in
pump hydraulic performance, leakage, or rew flow path
between the recirculation pump discharge .nd jet pump
nozzle. For this criterion, the pump flow and loop flow
versus pump speed relationship must be verified.

Should this first criterion not be met, an additional
criterion may be evaluated before declaring a jet pump
inoperable. Individual jet pumps in a recirculation loop
normally do not have the same flow. The unequal flow is due
to the drive flow manifoeld, which does not distribute flow
equally to all risers. The flow (or jet pump diffuser-to-
lower plenum differential pressure) pattern or relationship
of one jct pump to the loop average is repeatable. An
appreciable change in this relationship is an indication
that increased (or reduced) resistance has occurred in one
of the jei pumps. This may be seen as an increase in the
relative flow for a jet pump that has experienced beam
cracks.,

The deviations from normal are considered indicative of a
potential problem in the recirculation drive flow or jet
pump system (Ref. 2). Normal flow ranges and established
jet pump flow and differential pressure patterns are
established by plotting historical data as discussed in
reference 2.

{For this facility, jet pump flow is measured as follows:]
The 24-hour Frequency has been shown by operating experience
to be timely for detecting jet pump degradation, and is
consistent with the Surveillance Frequency for recirculation
Toop operability verification.

(continued)

(continued)
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B 3.4.2
. BASES (continued)
SURVEILLANCE This SR is not required to be performed when THERMAL POWER
REQUIREMENTS is < 25% of RATED THERMAL POWER. During low flow
(continued) conditions, jet pump noise appreoached the threshold response

of the associate flow instrumentation and precludes the
collection of repeatabie and meaningful data.

REFERENCES l. [Unit Name] FSAR, Section [6.3], "[Title]."

2. GE Service Information Letter No. 330, "Jet Pump Beam
Cracks," June 9, 1990,

3. NUREG/CR-3052, "Closeout of IE Bulletin 80-07: BWR Jet
Pump Assembly Failure," November 1984,

R
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B 3.4 REACTOR COOLANT SYSTEM (RCS

B3.4.3 Safety/Relief Valves (S/R)

BACKGROUND

APPLICABLE

SA‘ E 'YV l‘\Nl‘\.“ -

The American Society of Mechanical Engineers (ASME) Boiler
and Pressure Vessel Code requires the reactor pressure
vessel be -rotected from overpressure during upset condition
by self-actuated safety valves. As part of the nuclear
pressure relief system, the size and number of S/RVs are
selected such that peak pressure in the nuclear system will
not exceed the ASME Code limits for the reactor coolant
pressure boundary.

The S/RVs are located on the main steam 1ines between the
reactor vessel and the first isolation valve within the
drywell. The S/RVs can actuate by either of two modes-—tte
safety mode or the relief mode. In the safety mode (or
spring mode of operation), the spring-loaded pilot valve
opens when steam pressure at the valve inlet overcomes the
spring force holding the pilot vaive closed. Opening the
pilot valve allows a pressure differential to develop across
the main valve pisten and opens the main valve. This
satisfies the Code requirement. In the relief mode, valves
may be opened manually or automatically at the selected
preset pressure to perform the Automatic Depressurization
System (ADS) function.

Each S/RV discharges steam through a discharge line to a
point belcw the minimum water level in the suppression pool.
The S/RVs that provide the relief mode are the low-low set
(LLS) valves and the ADS valves. The LLS requirements are
specified in LCO 3.6.1.8 and the ADS requirements are
specified in LCO 3.5.1 The instrumentation associated with
the relief valve function is discussed in the Bases for

LCO 3.3.6.3,

The overpressure protection system must accommodate the mos
severe pressurization transient., Evaluations have
determined that the most severe transient is the closure of
all main steam 1ine isolation valves (MSIVs) followed by
reactor scram on high neutron flux (i.e., failure of the

(continued)




B 3.4.3
BASES (continued)
APPLICABLE direct scram associated with MSIV position) (Ref. 1), For
SAFETY ANALYSES the purpose of the analyses, 11 S/RVs are assumed to operate
(continued) in the safety mode. The analysis results demonstrate that

the design S/RV capacity is capable of maintaining reactor

pressure below the ASME Code 1imit of 110% of vessel design
pressure (110% x 1250 psig = 1375 psig). This LCO helps to
ensure that the acceptance limit of 1375 psig is met during
the Design Basis Event.

Reference 2 discusse. additional events which are expected
to actuate the S/RVs. From an overpressure standpoint,
these events are bounded by the MSIV closure with flux scram
event described above.

S/RVs satisfies Criterion 3 of the NRC Interim Policy
Statement.

LCO Eleven S/RVs are required to be OPERABLE to satisfy the
assumptions of the safety analysis (Refs. 1 and 2). The
system is OPERABLE when:

a. All components necessary to provide thae function are
functional and in service; and

b. All required surveillance 1 current and has
demonstrated performance within acceptance criteria of
each surveillance test.

The S/RV setpoints are established to ensure that the ASME
Code 1imit on peak reactor pressure is satisfied. The ASME
Code specifications require the lowest safety valve setpoint
to be at or below vessel design pressure (1250 psig) and the
highest safety valve to be set so that the total accumulated
pressure does not exceed 110% of the design pressure for
overpressurization conditions. The transient evaluations in
the FSAR are based on these setpoints, but also include the
additional uncertainties of + 1% of the nominal setpoint
drift and to provide an added degree of conservatism,

Operation with less valve OPERABLE than specified, or with
setpoints outside the ASME 1imits, could result in a more
severe reactor response to a transient than predicted,
possibly resulting in the ASME Code 1imit un reactor
pressure being exceeded.

(continued)
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. BASES (continued)

APPLICABILITY

ACTIONS

ww

£ 70O
wWw»vm

In MODES 1, 2, and 3, all S/RVs must be OPERABLE since
considerable energy may be in the reactor core and the
limiting design basis transients are assumed to occur in
these MODES. The S/RVs may be required to provide pressure
relief to discharge energy from the core until such time
that the Residual Heat Removal (RHR) System is capable of
remaining core heat.

In MODE 4, decay heat is low enough for the RHR System to
provide adequate cooling and reactor pressure is low enougt
that the overpressure limit can not be approached by assumed
operational transients or accidents., In MODE 5, the reactor
vessel head is unboited or removed and the reactor is at
atmospheric pressure. The S/RV function is not needed
during these conditions.

With the safety function of one S/RV inoperable, the
remaining OPERABLE S/RVs are capable of providing the
necessary overpressure protection. Because of additional
design margin, the ASME Code 1imits for the RCPB can also be
satisfied with two S/RVs inoperable. However, the
reliability of the pressure relief system is reduced because
additional failures in the remaining OPERABLE S/RVs could
result in failure to adequately relieve pressure during a
limiting event. For this reason, continued operation is
permitted for 14 days.

The 14-day Completiun Time to restore the inoperable S/RVs
to OPERABLE status is based on the relief capability of the
remaining S/RVs, the low probability of an event requiring
S/RV actuation, and a reasonable time to complete the
Required Action., The Completion Time has been provided with
a Note to clarify that all S/RVs are treated as an entity

with a single Completion Time, i.e., the Completion Time is
on a Condition Basis,

B.1l and 8.2

With less than the minimum number of S/RVs OPERABLE, a
transient may result in the violation of the ASME Code limit




BASES (continued)

ACTIONS on reactor pressure. If the safety function of the

(continued) inoperable S/RVs cannot be restored to OPERABLE status
within the associated Completion Time or if the safety
function of three or more S/RVs is inoperable, the plant
must be placed in a MODE in which the L.CO does not apply.
This is done by placing the plant in MODE 3 within 12 hours
and in MODE 4 within 36 hours. The allowed Completion Times
are reasonable, based on operating experience, to reach the
required MODES from full power in an orderly manner and
without challenging plant systems.

SURVEILLANCE SR_3.4.3.1

REQUIREMENTS
This SR demonstrates that the S/RVs will open at the
pressures assumed in the safety analysis of Reference 1.
These pressure settings are as follows: [4 valves at
1090 + 10.9, 4 vaives at 1100 + 11.0, and 3 valves at
1110 ¢ 11.1] psig. The demonstration of the S/RV 1ift
settings must be performed during shutdown, since this is »
bench test, and to be done in accordance with the prov 4z,
of SR 3.0.5. The 1ift setting pressure shall correspcid to
ambient conditions of the valves at nominal operating
temperatures and pressures.

The 18-month Frequency was selected because this
Surveillance must be performed during shutdown conditions
and is based on the time between refuelings.

SR_3.4.3.2

A manual actuation of each S/RV is performed to verify that,
mechanically, the valve is functioning properly and that no
blockage exists in the valve discharge line. This can be
demonstrated by the response of the turbine control velves
or bypass valve, or by a change in the measured steam flow
or any other method suitable to verify steam flow. Adequate
reactor steam dome pressure must be available to perform
this test to avoid damaging the valve. Sufficient time is
therafore allowed after the required pressure is achieved to
per.3°m this test. Adequate pressure at which this test is
to be performed is 920 psig (the pressure recommended by the
valve manufacturer). Plant startup is allowed prior to

(continued)

v v -

(continued)
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S/RVs
B 3.4.3
BASES (continued)
SURVEILLANCE performing this test because valve OPERABILITY and the
REQUIREMENTS setpoints for overpressure protection are verified, per ASMt
(continued) Code requirements, prior to valve installation. If a valve

fails to actuate due only to the failure of the solenoid but
is capable of opening on overpressure, the S/RV is
considered OPERABLE.

The 18-month Frequency is consistent with SR 3.4.3.1 to
ensure that the S/RVs are manually actuated following
removal for refurbishment and/or 1ift setting testing.

The 12 hours allowed for manual actuation after the required
pressure is reached is sufficient to achieve stable
conditions for test and provides a reasonable time to
complete the SR,

REFERENCES 1. [Unit Name] FSAR, Section [5.2.2.2.4], "[Title]."
2 [Unit Name] FSAR, Section "15], "[Title]."
— = — — - e —— S~ - g L et S e e e it e S —_— ==
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RCS Operational LEAKAGE
B 3.4.4

B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.4 RCS Operational LEAKAGE

BASES

BACKGROUND

The RCS includes systems and components that contain or
transport the coolant to or from the reactor core. The
pressure containing components of the RCS and the portions
of connecting systems out to and including the isolation
valves define the reactor coolant pressure boundary (RCPB).
The joints of the RCPB components are welded or bolted.

During plant 1ife, the joint and valve interfaces can
produce varying amounts of reactor coolant LEAKAGE, through
either normal operational wear or mechanical deterioration.
The purpose of the RCS operational LEAKAGE LCO is to limit
LEAKAGE from these sources to amounts that do not compromise
safety. This LCO specifies the types and limits of LEAKAGE
and the methods used to identify and quantify it.

10 CFR 50, Appendix A, GDC 30 (Ref. 1) requires means for
detecting and, to the extent practical, identifying the
source of reactor coolant LEAKAGE. Regulatory Guide 1.45

/

(Ref, 2) describes acceptable methods for selecting LEAKAGE

detection systems for the RCPB

The safety significance of leaks from the RCPB varies widely
depending on the source, rate, and duration of the leaks.
Therefore, detection of LEAKAGE 1n the primary containment
1S necessary. Methods for quickly separating the identified
LEAKAGE from the 1\ entified LEAKAGE are necessary to
provide the operators quantitative information to permit
them to take corrective action should a leak occur which is
detrimental to the safety of the facility or the public.

amount of LEAKAGE inside primary containment 1is

sxpected from auxiliary systems that cannot be made 100%
eaktight LEAKAGE trom these systems should be detected
and isolated from the primary containment atmosphere, if
possible, to not mask RCS operational LEAKAGE detection,
is LCO deals with protection of the RCPB from degradation
e core from inadequate cooling, in addition to

ting the accident analyses radiation release
tions from being exceeded.

\ . | ol tho nnceihil
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o3 BASES (continued

APPLICABL"
il SAF"TY ANALYSES
g L
5
h BWR/4 STS

LEAKAGH
B 3.4.4

RCS Operational

The

allowable RCS operational LEAKAGE 1imits are based on
the predicted and experimentally nbserved behavior of pipe
"acks Ihe ¢ ally expected background LEAKAGE due to
equipment deés 'gn and the detection capaoility of the

instrumentation for determining system LEAKAT™ were also

considered The evidence from experiments su,gests that,
for LEAKAGE even greater than the specified unidentified
LEAKAGE 14mits, the probability 1s sm."1 that the
imperfection or crack associated with such LEAKAGE would
grow rapidily.

The unidentified LEAKAGE flow 1imit allows time for

corrective action before the RCPB could be significantly
compromised. The S5-gpm 1imit 1s a small fraction of the
calculated flow from a critical crack in the primary system

;"l "I'\;v (.r.fi b.h‘V‘o' "(\)n‘ (r)‘,(,y ym‘,r.‘a} ‘r(’lq'd" {p(“\ j
and 4) shows that leak rates of hundreds of opm will precede
crack instability (Ref. 5).

The above analyses establish the acceptance limits for RCS

operational LEAKAGE. Reference to these analyses is used tc
assess changes to the factlity whicl could affect
operational LEAKAGE as they relate to the acceptance limits

The low 1imit on increase in unidentified LEAKAGE assumes a
failure mechanism of intergranular stress corrosion cracking
(IGSCC) that produces tight cracks. This flow-increase
fimit 1s (BL‘&IL‘-'(‘ of [‘V'(wld\ng an eﬂr]y warninq of such
deterioration

No applicable
1imit

safety analysis assumes the total LEAKAGE
The total LEAKAGE 1imit considers RCS inventory
makeup capability and drywell floor sump capacity.

satisfies Criterion 2

RCS operational LEAKAGE of the NR(
|

nterim Pelicy Statement

a Pressure Boundary LEAKAGE

No pressure boundary 'EAKAGE 15

allowed, being
indicative of material

degradation. LEAKAGE of

this

type 1s unacceptable as the leak itself could cause
(continued)
ontinued)
E 4-2( 14 90 4:33pm




RCS Operational LEAKAGE
B 3.4.4

'II' BASES (continued)

LCO further deterforation, resulting in higher LEAKAGE
(continued) Violation of this LCO could result in continued

degradation of the RCPB
Unidentified LEAKAGE

Five gallons per minute (gpm) of unidentified LEAKAG
is allowed as a reasonable minimum detectable amount
that the containment air monitoring, drywell sump
level monitoring, and containment air cooler
condensate flow rate monitoring equipment can detect
within a reasonable time period Violation of this
LCO could result in continued degradation of the RCPE

Jorel LEAKAGE

The tota) LEAKAGE 1imit 1s based on a reasonable
minimum detectable amount The 1imit also accounts
for LEAKAGE from known sources (identified LEAKAGE).
Violation of this LCC indicates an unexpected amount
of LEAKAGE and, therefore, could indicate new or
additional degradation in a RCPB component or system

Unidentified LEAKAGE Increase

An unidentified LEAKAGE increatce of 2 gpm in any
24-hour period indicates a potential flaw in the RCPB
and must be quickly avaluated to determine the source
and extent of the LEAKAGE. The increase is measured
relative to the steady-state value; temporary changes
in LEAKAGE rate as a result of transient conditions
(e.g., startup) are not considered. As such, the
2-gpm increase limit i1s only applicable in MODE 1 when
operating pressures and temperatures are established
Violation of this LCO could result in continued
degradation of the RCPB

LEAKAGE rate determination is made based on use of
instrumentation meeting the OPERABILITY requirements of
LCO 3.4.6, "RCS Leakage Detection Instrumentation.”

(continued)
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RCS Operational LEAKAGE
B 3.4.4

BASES (continued)

APPLICABILITY In MODES 1, 2, and 3, the RCS operational LEAFAGE LCOs
ngply, because the potential for RCPB LEAKAGE is greatest
when the reactor is pressurized. Therefore, detection of
RCPB LEAKAGE is required during MODES 1, 2, and 3.

In MODES 4 and 5, RCS operational LEAKAGE 1imits are not
required since the reactor 1s not pressurized and stresses
in the RCPB materials and potential for LEAKAGE are reduced.

A Note has been included to provide clarification that
Conditions A, B, and C are treated as an entity with a
single Completion Time.

ACTIONS Al and B.]

With tne unidentified LEAKAGE, the total LEAKAGE, or with
both greater than the required 1imits, actions must be taken
to identify the source and determine the significance of the
leak. Because the LEAKAGE 1imits are conservatively below
the LEAKAGE that would constitute a critical crack size,

4 hours are allowed to verify and reduce the LEAKAGE rates
before the reactor must be shut down, If a change in
unidentified LEAKAGE has beer identified and quantified, it
may be reclassified and considered as identified LEAKAGE;
however, the total LEAKAGE 1imit would remain unchanged.

C.l and C.2

An unidentified LEAKAGE increase of 2 gpm in a 24-hour
period is an indication of 2 potential flaw in the RCPB and
must be quickly evaluated.

Although the increase does not necessarily violate the
absolute unidentified LEAKAGE 1imit, certain susceptible
components must be determined to be not the source of the
LEAKAGE within the required Completion Time. RCS type 304
and type 316 austenitic stainless-steel piping that is
subject to high stress or that contains relatively stagnant
or intermittent flow fluids must be evaluated and eliminated
as the source of the increased LEAKAGE. This piping is very
susceptible to IGSCC.

(continued)

(continued)
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| EAKAGE rate must
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any one of the

2 cannot be me
reactor must be ;‘id
apply This 15 done ¢
12 hours and 1n MODE 4 wi

¢ allowed Completior
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power in an orderly manne
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REQUIREMENTS
The R(F li[\’ AGH 1S monit 'Gd DY & variety ',1‘ instrument
iesigned to provide alarms when LEAKAGE 15 indicated and i«
guantify the various types of LEAKAGE. LEAKAGE detection
instrumentation is discussed in more detail in the Bases for
LCD 3.4.6 Sums level and flow rate are ‘V“Hd‘!l‘\v monitored
to determine actual LE[\“.I“(It V'G$“"~, however any method may
‘.",‘ \I‘J" to f‘_“‘“dhf I‘v !‘[A'.;\",.i W'\"-" t"\i‘ auidelines of
Reference 2 In conjunction with alarms and other
administrative controls. an B-houy :'Vf".]U("‘f v for this
Surveillance is appropriate for identifying LEAKAGE and for
tra &‘l'\\; trends

3.4.4.2

The leaktight integrity of the RCPB is verified by visual
inspection The Inservice Testing Program and operational
hydrostatic tests at normal operating pressure are
acceptable means of verifying nc RCPB LEAKAGE The
Frequency i¢ based on the refueling cycle for inspec
accessibility and adequately verifies RCPB integrity




RCS Operational
B 2
BASES (continued)
REFERENCES ] Title 10, Code of Federal Regulations, Part 50,
Appendix A, General Design Criterion 30, "Quality Of

Reactor Coolant Pressure Boundary
2 Regulatory Guide 1.45, "Reactor Coolant Pressure
Boundary Leakage Detection Systems," May 1973
»
GEAP-8620. "Failure Behavior in ASTM A106 Pipes
Contatning Axial Through-wWall Flaws," April 1968
4 NUREG-76/067, "Investigation and Evaluation of
Cracking in Austenitic Stainless Steel Fiping of
‘ Boiling Water Reactor Plants,” October 1975

[Unit Name] FSAR, S¢
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RCS PIV Leakage

B3.4.5
. B 3.4 REACTOR COOLANT SYSTEM (RCS)
B3.4.5 RCS Pressure Isolation Valve (PIV) Leakage
BASES
BACKGROUND 10 CFR 50.2, 10 CFR 50.55a(c), and GDC 55 of 10 CFR 59,

Appendix A (Refs. 1, 2, and 3) define RCS PIVs as any tweo
normally closed valves in series within the reactor coolant
ssure boundary (RCPB) that separate the high pressure RCS

rom an attached low pressure system. PIVs are designed to
meet the requirements of Reference 4. During their Tives,
these valves cen produce varying amounts of reactor coolant
leakage through either normal operational wear or mechanical
deterioration,

The RCS PIV LCO allows RCS high pressire operation when
leakage through these valves exists in amounts that do not
compromise safety. The PIV leakage Timit applies to each
individual valve. Leakage through these val.es is not
included in any e1lowable LEAKAGE specified in LCO 3.4.4,

Although this specification provides a 1imit on allowable
PIV leakage rate, i1ts main purpose is to prevent
overpressure fai'ure of the low pressure portions of
connecting systems. The leakage limit is an indication

that the PIVs between the RCS and the connecting systems

are degraded or degrading. PIV leakage could lead to
overpressure of the low pressure piping or components.,
Failure consequences could be & loss-of-coolant accicent
(LOCA) outside of containment, an unanalyzed accident, which
could degrade the ability for low pressure injection.

The basis for this LCO is the 1975 Reactor Safety Study
(Ref. 5) that identified potential intersystem LOCAs as a
significant contributor to the risk of core melt. A
subsequent study (Ref. 6) evaiuated various PlV
configurations to determine the probability of intersystem
LOCAs. This later study concluded that periodic ieak
testing of the PIVs can substantially reduce intersystem
LOCA probability.

(continued)

(continued)
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BASES (continued)

RCS PIV Leakage
B3.4.5

APPLICABLE
SAFETY ANALYSES
(cont inued)

PIV leakage is not considered in any Design Basis Accident
analyses, however. This specification provides for
monitoring the condition of the RCPB to detect PIV
degradation that has the potential to cause a LOCA outside
of containment, which has not been analyzed. Compliance
with this LCO ensures that an unanalyzed condition will not
be entered. Therefore, RCS PIV leakage satisfies
Criterion 2 of the NRC Interim Policy Statement.

LCO

RCS PIV Teakage is leakage into closed systems connected t,
the RCS. Isolation valve leakage is usually on the order of
drops per minute. Leakage that increases significantly
suggests that something is operationally wrong and
corrective action must be taken. Violation of this LCO
could result in continued degradation of a PIV, which could
lead to overpressurization of a low pressure system and the
Toss of the integrity of a fission-product barrier.

For the two PIVs in series, the leakage requirement applies
to each valve individually and not to the combined leakage
across both valves. If the PIVs are not individually leak
tested, one valve may have failed completely and not be
detected if the other valve in series meets the leakage
requirement. In this situation, the protection provided by
redundant valves would be lost,

The LCO PIV leakage 1imit is 0.5 gpm per nominal inch of
valve size with a maximum 1imit of 5 gpm. The previous
criterion of 1 gpm for all valve sizes imposed an
unjustified penalty on the larger valves without providing
information on potential valve degradation and resulted in
higher personnel radiation exposures. A study concluded a
leak rate limit based on valve size was superior to a single
allcwable value,

Reference 8 permits leakage testing at a lower pressure
differential than between the specified maximum RCS pressure
and the normal pressure of the connected system during RCS
operation (the maximum pressure differential). The observed
rate is adjusted to the maximum pressure differential by
assuming 'eakage is directly proportional to the pressure
differential to the one-half power.

BWR/4 STS

(continued)
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BASES (continued)

APPLICABILITY

RCS PIV Leakage
B 3.4.5

In MODES 1, 2, and this LCO applies because the PlV

k|
ieakage potential is greatest when the RCS 1s pressurized.

In MODES 4 and 5, leakage limits are not provided because
the lower reactor coolant pressure results in a reduced
potential for leakage and for a LOCA outside the
containment. Accordingly, the potential for the
consequences of reactor coolant leakage is far lower during

these MODES.

A Note has been added to provide clarification that each
flow path is independent and 1s treated as a separate entity
with a separate Completion Time for the purpose of this LCO

Al A2.1. and A2.2

Four hours are provided to reduce leakage in excess of the
allowable limit The period permits operation to continue
under stable conditions while corrective actions to reseat
the leaking PIVs are taken. The & hours allow these actions
and restrict the time of operation with leaking valves,

Alternatively, the flow path must be isolated by two other
valves. Required Action A.2.]1 and Requircd Action A.2.2 are
modified by a Note that the valves used for i1solation must
meet the same leakage requirements as the PIVs and must be
on the RCPB,

Required Action A.2.1 requires that the initial isolation
with one valve must be performed within 4 hours of exceeding
the 1imit. This 4-hour Completion Time is based on the same
rationale as the time for Required Action A.l.

Required Action A.2.2 specifies that the double isolation
barrier of two valves be restored by clesing another valve
qualified for isolation or restoring one leaking PIV. The
72-hour time after exceeding the 1imit considers the time
required to complete the action and the Tow probability of a
second valve failing during this time period.

RCS PIV Teakage is considered out of limits if the equipment

used to measure RCS PIV leakage is determined to be

inoperable at the time SR 3.4.6.1 is performed Required
(continued)

(continued)
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. BASES (continued)

RCS PIV Leakage
B 3.4.5

ACTIONS
(continued)

Action A.1 or Reruired Action A.2.1 and Required

Action A.2.2 apy ' to restoring such equipmert to
OPERABLE status,

B.1 and B.2

If leakage cannot be reduced or the system isolated, the RCS
must be placed in a MODE in which the requirement does not
ly. This is done by placing the plant in MODE 3 within
12 hours and MODE 4 within 36 hours. This action may reduce
the leakage and also reduce: the potential for & LOCA
outside the containment. The Completion Times are
reasonable, based on operating experience, to achieve the
required MODES from full power in an orderly manner and
without challenging plant systems.

SURVETLLANCE
REQUIREMENTS

SR_3.4.5.1

Performance of Teakage testing on each RCS PIV or isolation
valve used to satisfy Required Action A.2.1 or Required
Action A.2.2 is required to verify that leakage is below the
specified 1imit and to identify each leaking valve. The
leakage 1imit of 0.5 gpm per inch of nominal valve diameter
up to 5 gpm maximum applies to each valve. Leakage testing
requires a stable pressure condition.

[For this facility, RCS PIV or 1solation valve leakage is
measured as follows:)

Testing is to be performed every 9 months, but may be
extended up to a maximum of 18 months, a typical refueling
cycle, if the plant does not go into MODE 4 for at least

7 days. The 18-month Frequency required in 10 CFR 50.55a(g)
(Ref. 9), is within the American Society of Mechanical
Engineers (ASME) Code, Section XI Frequency requirement
(Ref. 10) and is based on the prudence of performing
Surveillances such as this only during an outage. The
Surveillance needs stable conditions and has the potential
for an unplanned plant transient if performed with the plant
at power.

(continued)
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B 3.4 REACTOR COOLANT SYSTEM (RCS)
B 3.4.6 RCS LEAKAGE Detection Instrumentation

BASES

R T T T T T S T TS S T A s e ey e

BACKGROUND

GDC 30 of Appendix A to JO CFR 50 (Ref. 1) requires means
for detecting and, to the extent practical, identifying the
location of the source of RCS LEAKAGE. Regulatory

Guide 1.45 (Ref. 2) describes acceptable methods for
selecting LEAKAGE detecting systems.,

Limits on LEAKAGE from the reactor coolant pressure boundary
(RCPB) are required so that appropriate action can be taken
before the integrity of the RCPB is impaired (Ref. 2).
LEAKAGE detection systems for the RCS are provided to alert
the operators when LEAKAGE rates above normal background
levels are detected and also to supply quantitative
measurement of LEAKAGE rates. The Bases for LCO 3.4.5
discuss the 1imits on RCS LEAKAGE rates.

Systems for separating the LEAKAGE of an identified source
from an unidentified source are necessary to provide prompt
and quantitative information to the operators to permit them
to take immediate corrective action.

LEAKAGE from the RCPB inside the drywell is detected by at
Teast one of two or three independently monitored variables,
such as sump level changes and drywell gaseous and
particulate radioactivity levels. The primary means of
quantifying LEAKAGE in the drywell is the drywell floor
drain sump monitoring system.

The drywell floor drain sump monitering system monitors the
LEAKAGE collected in the sump. This unidentified LEAKAGE
consists of LEAKAGE from control rod drives, valve flanges
or packings, floor drains, Closed Cooling Water System, and
drywell air cooling unit condensate drains, and any LEAKAGE
not collected in the drywell equipment drain sump. The
drywell floor drain sump has transmitters that supply level
indications in the main control room.

The floor drain sump level indicators have switches that
start and stop the sump pumps when required. A timer starts
each time the sump is pumped down to the low level setpoint.

(continued)
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RCS LEAKAGE Detection Instrumentation

B 3.4.6
. BASES (continued)
APPLICABLE Modification to the RCS LEAKAGE detection instrumentation
SAFETY ANALYSES could affect the ability to detect LEAKAGE. Therefore,
(continued) Reference 6 should be referred to when making changes to the

RCS LEAKAGE de*ection instrumentation to assess the effect
of the changes in relation to the acceptance limits,

RCS LEAKAGE detection instrumentation satisfies Criterion 1
of the NRC Interim Policy Statement.

LCO The drywell floor drain sump monitoring system is required
to quantify the unidentified LEAKAGE from the RCS. Thus,
for the system to be considered OPERABLE, either the flow
monitoring or the sump level monitoring portion of the
system must be OPERABLE. The other monitoring systems
provide early alarms to the operators so closer examination
of other detection systems will be made to determine the
extent of any corrective action that may be required. With
the LEAKAGE detection systems inoperable, monitoring for
LEAKAGE in the RCPB s degraded.

[For this facility, OPERABLE LEAKAGE detection
instrumentation consists of the following:)

[For this facility, the following support systems are
required to be OPERABLE to ensure LEAKAGE detection
instrumentation OPERABILITY:)

[For this facility, those required support systems which,
upon their failure, do not require declaring the LEAKAGE
detection instrumentation inoperable and their justification
are as follows:)

APPLICABILITY In MODES 1, 2, and 3, LEAKAGE detection systems are required
CPERABLE to csupport LCO 3.4.5, “RCS Operational LEAKAGE."
This applicability is consistent with that for LCO 3.4.5.

(continued)
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RCS LEAKAGE Detection Instrumentation
B 3.4.6

AJd. A2l and A.2.2

With the drywell floor drain sump monitoring system
inoperable, no other form of sampling can provide the
equivalent informatior However, the atmospheric activity
monitor [and the drywell air cocler condensate flow rate
m“"fwvj'dov' provide indication of changes in LEAKAGE.
Iwenty-four hours are allowed to restore the drain sump
monitoring system to OPERABLE status, or Condition E must be
entered. Twenty-four hours limits the time that operation
can continue without the ability to measure the leakage rate
and establish compliance with the LEAKAGE Timits
Alternatively, leakage rate may be determined by manually
pumping the sump or b_y measuring the sumg leve)l differences
every 4 hours. If neither of these two methods are
available, Condition £ must be entered since LEAKAGE cannot
be quantified

th the drywell floor drain sump monitoring system
operable, but with leakage rate being measured by manually
ping the sump or measuring sump level differences,
operation may continue for 30 days. The 30 days allow
sufficient time to repair the system and recognize that a
method to quantify leakage rate 1s avatlable, but prevent

operation of the plant for a long period with a degraded
LEAKAGE detection system

required primary containment atmospheric
ate and gaseous monitoring system inoperable, grab
of the containment atmosphere shall be taken and
to provide periodic informatior Provided a sample
ned and analyzed every 12 hours, the plant may
inue operation for up to 30 days

|2-hour interval provides periodic information that is
uate to detect LEAKAGE The 30-day Completion Time fo
oration recognizes that at least one other form of leak

ction 1s available

coler condensate
shall be




. BASES (continued)

KCS LEAKAGE Detection Instrumentation
B 3.4.6

ACTIONS
(continued)

taken and analyzed every 12 hours to provide periodic
information. The 12-hour interval provides periodic
information that is adequate to detect LEAKAGE and
recognizes that other forms of leak detection are
available.)

(0.1 and D.2]

With the containment atmosphere radioactivity monitor and
he containment air cooler condensate flow rate monitor
inoperable, the only means of detecting LEAKAGE is the
contaimment sump monitor. This condition does not provide
the required diverse means of LEAKAGE detection. The
Required Action is to restore either of the inoperable
monitors to OPERABLE status within 30 days to regain the
intended LEAKAGE detection diversity. The 3C-day Completion
Time ensures that the plant will not be operated in a
degraded configuration for a lengthy time period.]

£l and £.2

If a Required Action of Condition A, B, C, or D cannot be
met within the required Completion Time, the reactor must be
placed in a MODE in which the LCO does not apply. This
requires placing the reactor in at least MODE 3 within

12 hours and in MODE 4 within 36 hours. The allowed
Completion Times are reasonable, based on operating

experience, to perform the actions in an orderly manner and
without challenging plant systems.

El

With all required monitors inoperable, no automatic means of
monitoring LEAKAGE are available, and immediate plant
shutdown in accordance with LCO 3.0.3 is required.

SURVEILLANCE
REQUIREMENTS

SR_3.4.60.1. 3R 3.4.6.2, and SR 3.4.6.3

These SRs are the performance of a CHANNEL CHECK of each of
the RCS LEAKAGE detection monitors. The check gives
reasonable confidence that each channel is operating
properly. The Frequency of 12 hours is based on

(continued)
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BASES (continued)

RCS LEAKAGE Detection Instrumentation
B 3.4.6

REFERENCES
(continued)

e

NUREG-75/067, "Investigation and Evaluation of
Cracking in Austenitic Stainless Steel Piping of
Boiling Water Reacto: Plants," October 1975.

[Unit Name] FSAR, Sectior [5.2.7.5.2], "[Title]."
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RCS Specific Activity
B 3.4.7

B 3.4 REACTOR COOLANT SYSTEM (RCS)
B3.4.7 RCS Specific Activity

BASES

M

BACKGROUND

During circuiation, the reactor coolant acquires radioactive
materials due to release of fission products from fuel leaks
into the coolant and activation of corrosion products in the
reactor coolant. These radioactive materials in the coclant
can plate out in the RCS, and, at times, an accumulation
will break away to spike the normal level of radiocactivity.
The release of coolant during a Design Basis Accident (DBA)
could send radioactive materials into the environment.

Limits on the maximum allowable level of radiocactivity in
the reactor coolant are established to ensure that in the
event of a release of any radioactive material to the
environment during a DBA, radiation doses are maintained
within the 1imits of 10 CFR 100 (Ref. 1).

This LCO contains both fodine and total specific activity
Timits. The icdine isotopic activities are expressed in
terms of a DOSE EQUIVALENT 1-131 per gram of reactor
coolant. Total specific reactor coolant activity is limited
on the basis of the weighted average beta and gamma energy
levels in the coolant. The allowable levels are intended to
1imit the 2-hour radiation dose to an individua)l at the site
boundary to a small fraction of the 10 CFR 100 1imit.

APPLICABLE
SAFETY ANALYSES

Analytical methods and assumptions involving radioactive
material in the primary coclant are presented in the FSAR
(Ref. 2). The specific activity in the reactor coolant (the
source term) is an initial condition for evaluation of the
consequences of an accident due to a main steam line break
(MSLB) outside containment. No fuel damage is postulated in
the MSLB accident, and the release of radioactive material
to the environment is assumed to end when the main steam
Tine isolation valves (MSIVs) close completely.

This MSLB release forms the basis for determining offsite
doses (Ref. 2). The limits on the specific activity of the
primary coolant ensure that the 2-hour thyroid and whole

(continued)
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. BASES (continued)

RCS Specific Activity
B 3.4.7

ACTIONS

Al and A.2

When the reactor coolant specific activity exceeds the LCO
DOSE EQUIVALENT I-131 Timit, but is less than or equal to
4.0 uoi/gm, samples must be analyzed for DOSE EQUIVALENT
1-13]1 at least every 4 hours. In addition, th specific
activity must be restored to the LCO Timit wit.in

48 hours. The Completion Time of once every 4 hours is the
time needed to take and analyze a sample. The 48-hour
Completion Time to restore the activity leve) provides a
reasonable time for temporary coolant activity increases
(fodine spikes or crud bursts) to be cleaned up with the
normal processing systems.

DOSE EGUIVALENT 1-13]1 specific activity is considered out of
Timits if the equipment used to measure DOSE EQUIVALENT
[-13] specific activity is determined to be inoperable at
the time SR 3.4.7.2 is performed. Required Actions A.1 and
A.2 apply to restoring such equipment to OPERABLE status.

B.1l and B.2

If the DOSE EQUIVALENT I-]3) cannot be restored to less than
or equal 0.2 uCi/gm within 48 hours, or if at any time it is
greater that 4.0 uCi/gm, it must be determined at least
every 4 hours and the main steam 1ines must be isolated
within 12 hours. Isolating the main steam 1ines precludes
the possibility of releas1n? radioactive material to the
environment more than a small fraction of the requirements
of 10 CFR 100 during a postulated MSLB accident.

The Completion Time of once every 4 hours is the time needed
to take and analyze a sample. The 12-hour Completion Time
is reasonable, based on operating experience, to isolate the
main steam 1ines in an orderly manner and without
challienging plant systems.

[ |

When _the reactor coolant specific activity is greater than
100/E uCi/gm, the reactor must be placed in MODE 3 with all
main steam lines isolated within 12 hours. The required

(continued)
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SURVEITLLANCE
REQUIREMENTS

BWR/4 STS

RCS Specific Activity

‘ na gy

MODE 3 operation ensures the reactor is subcritical
Closing the MSIVs eliminates the potentia! radiocactivity
release path to the environment during the MSLB event

The 12-hotir Completion Time 1s reasonable, based or
operating experience, to reach MODE 3 from full power in an
orderly manner, and to isclate the main steam lines, without
challenging plant systems

Gross specific activity is considered out of limits if the
equipment used to measure gross specific activity is
determined to be inoperable at the time SR 3.4.7.1 is
performed. Required Action C.]1 applies to restoring such
equipment to OPERABLE status.

B R TR I I ———— S ———

sR_3.4.7.1
The Surveillance requires performing a gamma-isotopic
analysis as a measure of the gross specific activity of the
reactor coolant at least once per 7 days. While basically a
quantitative measure of radiomuciides with half lives longe
than 15 minutes, excluding 1odines, this measurement is the
sum of the degassed gamma activities and the raseous gamma
activities in the sampie taken. This Surveillance provides
an indication of any increase in gross specific activity

Trending the results of this Surveillance allows proper
remedial action to be taken before reaching the LCO limit
under normal operating conditions. The Surveillance is
applicable in MODES 1 and 2, and in MODE 3 with RCS average
temperature at least 500°F. The 7-day Frequency considers
the unlikelihood of a gross fuel failure during this short
time frame.

1

This Surveiliance is performed, in MODE 1 only, to ensure
iodine remains within 1imit during normal operation, and
following fast power changes when fuel failure is more apt
to occur The l4-day Frequency is adequate to trend changes
in the iodine activity level considering gross activity is
monitored every 7 days. The Frequency, between 2 and

(continued)
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[For this cility, DOSE EQUIVALENT
1S measured

SR_3.4.7.3

A radiochemical analysis for ¢
ever, 184 days (6 months) with
equiﬁwbr‘ur conditions The ¢

lates to the LCO and is '04,1
wwthin the specified gross acti
for £ is a M@aSL'GMGrf of the avPngF energies per
disintegration for isotopes with half lives longer than
15 minutes, excluding fodines Operating experience has
shown that £ does not change rapidly and the Freguency of
184 days recognizes this

pqL
he plant operating in MODE

determination directly

red to verify nlant operat

ty LCO 1imit. The |
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determination 1s required
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Note 1 states that SR 3.0.4 does not apply so sampling can
be performed in MODE 1. Note 2 requires that the sample be
taken after 2 effective full power days and 20 days of
MODE 1 operation hive elapsed since the r@a('or was last
subcritical for at ieast 48 hours. This ensures the
radioactive materials are at equilibrium so the analysis for
£ is representative and not skewed by a crud burst or other
imilar abnormal event.

REFERENCES . Title 10, Code of Federal Regulations, Part 100.1]
ination of Exclusion Area, Low Population
lation Center Distance," 73
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RHR-— Shutdown
B 3.4.8

. B 3.4 REACTOR COOLANT SYSTEM (RCS)
B3.4.8 Residyal Heat Removal (RHR)-— Shutdown

BASES

BACKGROUND

Irradiated fuel in the shutdown reactor core generates heat
during the decay of fission products and increases the
temperature of the reactor coolant. This decay heat must be
removed to reduce and maintain the temperature of the
reactor coolant to < 200°F. This decay heat removal is in
preparation for performing refueling or maintenance
operations, or for keeping the reactor in the conditions for
cold shutdown operation.

The two redundant, manually controlled shutdown cooling
subsystems of the RHR System provide decay heat removal,
tach loop consists of two motor-driven pumps, a heat
exchanger, and associated piping and valves. Both lcops
have a common suction from the same recirculation loop.
Each pump discharges the reactor coolant, after circulation
through the respective hect exchanger, to the reactor via
the associated recirculation loop. The RHR heat exchangers
transfer heat to the RHR Service Water System (LCO 3.7.1).

. - e

APPLICABLE
SAFETY ANALYSES

Decay heat removal by operation of the RHR System in the
shutdown cooling mode is not required for mitigation of any
event or accident evaluated in the safety analyses. Decay
heat vemoval is, however, an important safety function that
must be accomplished or core damage could result. Those
LCOs that operating experience and probabilistic risk
assessment have generally shown to be important to public
health and safety are retained as Technical Specifications.

LCO

e ——

Two RHR shutdown cooling subsystems are required to be
OPERABLE, and when no recirculation pump is in operation,
one subsystem must be in operation. An OPERABLE RHR
shutdown cooling subsystem consists of one OPERABLE RHR
pump, une heat exchanger, and the associated pipina and

(continued)
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RHR=~Shutdown

B 3.4.8
BASES (continued)
LCO valves. The two subsystems have a common suction source and
{continued) are allowed to hive a common heat exchanger and common

discharge piping. Thus, to meet the LCO, both pumps in one
190p or one pump in each of the two loops must be OPERABLE.
Since the piping and heat exchangers are passive components
that are assumed not to fail, they are aliowed to be common
to both subsystems. In MODE 4, the RHR cross-tie valve
(2E11-¥01P) may be opened to allow pumgs in one loop to
discharge through the cpposite recirculation loop to make a
complete subsystem. Additionally, each shutdown ccoling
subsystem is considered OPERABLE 1f it can be manually
aligned (remote or local) in the shutdown cooling mode for
renoval of decay heat. in MODE® 3 and 4, one RHR shutdc v
cooling subsvatem cam provide the required cooling, but two
subsystems are tequired to be OPERABLE to provide
redundancy. Operation of one subsystem can maintain or
reduce the reactor coolant temperature as required,

An RHR pump is OPERABLE when it is capable of beinn powered
and able to provide flow if required.

[For this facility, the following support systems are
required to be OPERABLE to ensure shutdown cooling
subsystem OPERABILITY:]

[For this facility, those required support systems which,
upon their failure, do not require declaring the RHR
shutdown cooling subsystems iroperable und their
Justification are 1s fo'lows:)

APPLICABILITY In MODES 1 and 2, and in MOL'E 3 with reactor steim dome
pressure above the RHR cut-in permissive pressure, this LCO
is not applica*ie. linder these conditions, the permissive
does not allow placing the low pressure RHR shutdown cooling
subsystem into cperation. Operation of the RHR System in
the shutdown cooling mede is not allowed above this pressure
because the RCS pressure may exceed the design pressure of
the shutdown cooiing piping. Decay lieat remova! at reactor
pressures above the RHR cut-in permissive pressure is
typically accomplished by boiling «n the core and cundensing
the steam in the main condenser.

(continued)
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RHR=Shutdown
B 3.4.8

APPLICABILITY
(continued)

In MODE 3 with reactor steaw dome pressure below the RHR
cut-in permissive pressure ([ ) psig), and in MODE 4, the
RHR System may be operated ir trn shutdown cooling mode to
remove decay heat to reduce or naintain coolant temperature
below 200°F,

The requirements for decay heat removai ‘v MODE 5 are
discussed in LCO 3.9.8 and LCOC 3.9.9.

The tote permits both RHR shutdown cooling subsystems to be
%0t down for a period of 2 hours in an 8- hour period,

y v ided that one subsystem is OPERABLE and the <oolant
tomp ritire remains below 200°F. The margin tc boiling
shv'7 be Yow enough that the time anticipeted for being
witho: . rorced RCS flow will be less than 2 hours and not
long &/ nugh for the ccolant temperature to reach 200°F.
When . (s semperature is approached, the OPERABLE RHR
subs) s 2m wi!l be placed in service. This is permitted
hbeca > the core heat generation can be low en~ugh and the
heaty, rate slew enough to allow some changes - * the RHR
subsystems ¢r other operations requiring RHR flv-
interruption without violating the LCO.

ACTIONS

plo 80 L A2.2 and A2.3

W)Y one » R shutdown cooling subsystem inoperable fi.r de v
heai remo < |, the inoperable subsystem must be re-.ored tu
OPERABLE 't 1lus within 8 hours. In this condition, the
remaining « VLRABLE subsystem can provide the necessary detay
heat remaval., The overall reliability is reduced, however,
becanse a single failure in the OPERABLt subsystem could
result in reduced RMR shutdown cooling capability.

An alternative to Reguired Action A.1 is to establish an
a'ternate method of decay heat removal within 8 hours. This
fr:7'nate method nced not t  safety grade; however, if it is
g, 1 saiety-grade methioc Jst be demonstrated to be
UPE™A3 *, by test or aralycis, within 24 hours.

The requir *d cooling capacity of the alternate method should
be ensured ., verifying (by calculation or demonstraticn)
its capabi] *v = matatain or reduce temperature. Decay

(continued)
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RHR—— Shutdown
B 3.4.8

continued)

ued)

heat removal by ambient losses can be considered as
contributing to the alternate method capability

[One alternate safety-grade shutdown cooling function is
providad b, pumping warer from the suppression pool through
the RHR heat exchanger and discharging water into the
reactor via the low pressure coolant injection (LPCI)
aischarge flow path. A cooling loop is established with the
reactor pressure vessel by returning veo .el water to the
suppression pool via the main steam line safety relief
valves and their discharge piping. This method uses safety-
grade and seismically qualified equipment. This method can
withstend a loss of offsite power event. Alternate methods
that can be used are the Spent Fuel Pool Cooling System and
the Reactor Water Cleanup System.)

The 8-hour Completion Time to either restore the RHR

shutdown cooling subsystem or establish an alternate method
of decay heat removal is based on the importance of the RHR
shutdown cooling function, the level of redundancy provided,

b
and a reasonable time for completing the Required Action,

Ihe 24-hour Completion Time to demonstrate that an alternate
safety-grade decay heat removal method is OPERABLE provides
sufficient time to perform tests or analyses while limiting
operation with the loss of safety-grade redundancy for the
decay heat removal function

Since the alternate method of removing decay heat may not be
as reiiable, overall, as the RHR shutdown cooling subsysiem,
the inoperable RIR snutdown cooling subsystem is reaquired to
be returrad to JPERABLE status within 14 days. The l14-day
Compieécion Time is based on the importance of the shutdown
cooling function and limits the period of operation with an
alternate method of cooling, yet allows time for repair of
the RMR shutdown cooling subsystem.

Bl B2, B.2.2. .and B.2.3

If ong inuperable RHR shutdown cooling subsystem cannot be
restored to OPERABLE status within the associated Com>letion
Time, or if both subsystems are inoperable, action mu:! be
taken immediately to restore one RHR shutdown cooling
subsystem to OPERABLE status or to establish an alterrJte
method of d cay heat removal for eact inoperable subsystem

(continued)
(contin
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“ BASES (continued)

RHR—-Shutdown
B 3.4.8

ACTIONS
(continued)

The alternate method need not be safety grade; however, if
it is not, for each inoperable subsystem a safety-grade
method must be demonstrated to be OPERABLE, by test or
analysis, within 24 hours., (See the discussion under
Required Action A.1, Required Action A.2.1, Required

Action A, 2.2, and Required Action A.2.3 regarding alternate
methous.)

In addition to the alternate method process, one RHR
shutoown cooling subsystem must be restored to UPERABLE
status within 72 hours.

Immediate action ensures that decay heat renoval is
available at all times and signifies the importance of
beginnin? restoration without delay and continuing until a
method of decay heat removal is established. The basis for
the 24-hour Completion Time is the same as for Required
Action A,2.2. The 72-hour Completion Time for restoring one
subsystem to OPERABLE status considers the importance of
having at least one subsystem OPERABLE and the restoration
time.

1. C.2,C35, and C.4

With no RHR shutdown cooling subsystem in operation, except
as permitted by the Applicability Note, forced reactor
coolant circulation must be restored or an alternate method
must be established within 2 hours. The alternate method
need not be safety yrade; however, if it is not, a
safety-grade method must be demonstrated to be OPERABLE, by
test or analysis, within 24 hours. (See the discussion
under Required Action A.l, Required Action A.2.1, Required
Action A.2.2, and Required Action A.2.3 regarding alternate
methods. )

The 2-hour Completion Time considers the time necessary to
re-establish forced circulation and prevent boiling away
coolant that could lead to fuel failure and spread
contamination and require significant makeup to the RCS.
The basis for the 24-hour Completion Time to demonstrate an
OPERABLE safety-grade cooling method is the same as for
Required Action A.2.2. In addition to estublishing forced
circulation, reactor coolant temperature and pressure must
be monitored once per hour to provide adequate warning of
potential problems without forced circulation.

(continued)
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B 3.4.8
BASES (continued)
ACTIONS An RHR shutdown ~00ling subsystem must be restored to
(continued) operation within 72 hours. The 72-hour Completion Time

represents a reasonable time for restoration of a subsystem
to operation without relying on an alternate method of decay
heat removal for an extenced period of time.

SURVE I LLANCE SR_3.4.8.1
REQUIREMENTS

The 31-day Frequency of this SR is based on Inservice
Testing Program requirements to perform valve testing at
least once every 92 days. This SR does not reguire any
testing or valve manipulation; rather, 3t involves
verification by means of system walkdown that those valves
outside containment and not locked, sealed, or otherwise
secured in position can be aligned to iheir correct
position. Since these valves are readily accessible to
personnel durin? normal plant operation and ver‘fication of
their position is relatively easy, the 31-day Frequency was
chosen to provide additional assurance that the valves are
in the proper position. Because some of the required valves
are interlocked closed when above the RHR cut-in permissive
pressure, an allowance s provided to test the valves once,
12 hours after pressure has been reduced below the cut-in
permissive pressure. This allows conditions to be
established under which the test may be pevformed.

REFERENCES None.

BWR/4 STS B 3.4-52 12/31/90 4:33pm




- . B 3.4 REACTOR COOLANT SYSTEM (RCS)

BASES

TESTERTRES =0 e

BACKGROUND A1l components of the RCS are designed to withstand effects

of cyclic loads due to system P/T changes. These loads are
introduced by startup (heatup) and shutdown (cooldown)
operations, power transients, and reactor trips. This LCO
1imits the P/T changes during RCS heatup and cooldown,
within the design assumptions and the stress limits for
cyclic operation,

LCO 3.4.9 .ontains P/T 1imit curves for heatup, cooldown,
and inservice leak and hydrostatic testing (ISLK), and data
for the maximum rate of change of reactor coolant
temperature. The heatup curve provides limits for both
heatup and criticality.

Eacn °/T 1imit curve defines an acceptable region for normal
operation. The usual use of the curves is operational
guidance during heatup or cooldown maneuvering, when loop
P/T indications are monitored and compared to the applicable

curve to determine that operation is within the allowable
region.

The LCO establishes operating limits that provide a margin
to brittle failure of the reactor vessel and piping of the
reactor coolant pressure boundary (RCPB). The vessel is the
component most subiect to brittle failure. Therefore, the
LCO Timits apply mainly t the vessel.

10 CFR 50, Appendix G (Ref. 1) requires the establishment of
P/T 1imits for material fracture toughness requirements of
the RCPB materials. Reference | requires an adequate margin
to brittle failure during normal operation, anticipated
operational occurrences, and system hydrostatic tests. It
mandates the use of the American Society of Mechanical
Fngineers (ASME) Code, Section III, Appendix G (Ref. 2).

Reference 1 addresses the concern that undetected flaws can
exist in the RCPB components and can result in brittle
(non-ductile) failure if subjected to unusual pressure or
thermal stresses. Certain RCS P/T combinations can cause
stress concentrations at flaw locations, which, in

(continued)

‘\ (continued)
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BASES (continued)

BACKGROUND
(continued)

Limits
B 3.4.9

turn, can cause flaw growth and result in failure before the
ultimate strength of the material is reached. Material
toughness resists and can even arrest flaw growth

Material toughness varies with temperature lower at
room temperature than at operating temperat Toughness
also depends on the chemistry and impurities of the base
material, weld material, and heat-affected zone material.
Furthermore, neutron fluence affects material toughness by
decreasing ductility; the effect accumulates, and the
portion of the RCPB in a high fluence area, the vesse!
beltline region, steadily decreases in ductility with
exposure time.

Linear elastic fracture mechanics (LEFM) methodology

to determine the stresses and material toughness at
locations within the RCPB. The LEFM methodology foll
guidance given by 10 CFR 50, Appendix G; ASME Sect

Appendix G; and Regulatory Guide 1.99 (Ref. 3) :

any place in the RCPB is subject to non-ductile failure, the
more restrictive 1imits apply to the vessel beltline, the
vessei closure head, and the vessel outlet nozzles. With
increased neutron fluence, the vessel beltline, with base
metals and welds, typically becomes the most restrictive

region

Material toughness properties of the ferritic materials of
the reactor vessel are determined in accordance with the NRC
standard Review Plan (Ref. 4), American Society for Testing
Materials (ASTM) E 185 (Ref. 5), and additiona) reactor
vessel requirements these properties are then evaluated in
accordance with Reference 2

One indicator of the temperature effect on duciility is the
nil-ductility temperature (NDT). The NDT is that

temperature below which non-ductile fracture failure may
occur. Ductile failure may occur above the NDT.

A range of NDT data points for the steel alloy used in
reactor vessel fabrication has been established by testing,
put the exact value of NDT cannot be determined. Therefore.
a nil-ductility reference temperature (RT,,r) has been

astablished by experimenta)l means The neutron
(continued)

(continued)




. BASES (continued)

RCS P/T Limits
B 3.4.9

BACKGROUND
(continued)

embrittlement effect on the material toughness is reflected
by increasing the RT, , as exposure to neutron fluence
increases.

In effect, the temperature below which non-ductile failure
can occur increases over time in operation., Reference 3
provides guidance for evaluating the effect of neutron
fluence. To assist in evaluating ihe amount of RT . shift
to be applied, surveillance specimens, made up of samples of
reactor vessel material, are placed near the inside wall of
the reactor vessel in the beitline region.

As the RT_., increases with vessel exposure to neutron
fluence aﬂu the material toughness decreases, the P/T limit
curves are correspondingly adjusted. This gives limits that
provide pressure boundary protection over the design life of
the vessel. The effect of the RT,, shift is to cause the
pre.sure limit to decrease at a 91ven temperature.

Tne actual shift in the RT . of the vessel material will be
fstablished periodically by removing and evaluating the
irradiated reactor vessel material specimens, in accordance
with ASTM E 185 (Ref. 5) and Appendix H of 10 CFR 50

(Ref. 6). The operating P/T limit curves will be adjusted,
as necessary, based on the evaluation findings and the
recommendations of Reference 3.

This specification provides two types of limits:

a. Reactor coolant P/T curves that define allowable
operating regions; and

b. Limits on the allowable rate of change of temperature
of the reactor coolant, which affect the thermal
gradients through the wall of the vessel and, thus,
the tensile stresses in the wall,

In use, the P/T curves are primarily for prevention of non-
ductile failure, whereas the 1imits on rate of change assist
in preventing both ductiie and non-ductile failures.

The P/T Timit curves are composite curves established by
superimposing limits derived from stress analyses of those
portions of the reactor vessel and head that are the most

(continued)
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RCS P/T Limits
B 3.4.9

BASES (continued)

BACKGROUND restrictive. At any specific pressure temperature, and
(continued) temperature rate of change, one location within the reactor
vessel will dictate the most restrictive 1imit. Across the
span of the P/T limit curves, different locations are more

restrictive, and, thus, the curves are composites of the
most restrictive regions.

The heatup curve represents a different set of restrictions
than the cooldown curve because the directions of the
thermal gradients through the vessel wall are reversed. The
thermal gradient reversal alters the location of the tensile
stress between the outer and inner walls,

The calculation used to generate ISLH testing curve uses
different sarety factors (per Ref. 2) than the heatup and
cooldown curves. The ISLH testing curve also extends to the
RCS design pressure of 2500 psia.

The critica,ity Timits include the Reference 1 requirement
that they be at least 40°F above the heatup curve or the
cooldown curve and not lower than the minimum permissible
temperature for the [SLH testing.

The P/T 1imit curves and associated temperature
rate-of-change 1imits are developed in conjunction with
stress analyses for large numbers of operating cycles and
provide conservative margins to non-ductile failure.
Although created to provide limits for these specific normal
operations, the curves also can be used to determine if an
evaluation is necessary for an abnormal transient

The consequence of violating the LCO 1imits is that the RCS
has been operated under conditions that could have resulted
in brittle failure of the RCPB, possibly leading to a non-
isolable leak or loss-of-coolant accident. In the event
these limits are exceeded, an evaluation must be performed
to determine the effect on the structural integrity of the
RCPB components. ASME Code, Section XI, Appendix E (Ref. 7)
provides a recommended methodology for evaluating an
operating event that causes an excursion outside the limits.

(continued)




. BASES  (continued)

RCS P/T Limits
B 3.4.9

APPLICABLE
SAFETY ANALYSES

The P/T limits are not derived from Design Basis Accident
(DBA) analyses. They are prescribed during normal operation
avoid encountering pressure, temperature, and temperature
rate-of-change conditions that might cause undetected flaws
to propagate and cause non-ductile failure of the RCPB, a
condition which is unanalyzed. Reference 8 establishes

the methodology for determining Lhe P/T limits. Since

the P/T limits are not derived from any DBA, there are no
acceptance limits related to the P/T limits. Rather, the
P/T 1imits are acceptance limits themselves since they
preclude operation in an unanalyzed condition.

The analyses comprise a number of steps that establish the
1imits., Following are the basic elements:

a. Qefine the temperature profile. The reactor coolant
temperature rate of change is defined so that normal
plant operation can readily proceed without
constraint. Cooldown and ISLH testing rates of change
are similarly defined. These rates of change become
LCO Timits, as well as the bases for the heat transfer
calculations.

b. &mmmmmmm_om The results
determine the thermal gradient through the vessel

wall. The analyses account for variances in flow rate
and the consequent changes in the rate of heat
transfer between the reactor coolant and the wall
during different stages of heatup and cooldown.

c. [Establish the material toughness as a function of
RIupr. ASME Section III, Appendix G provides the basis
for RT,,, and Regulatory Guide 1.99 provides the basis
for ad?ﬁsting RTy; @s @ function of neutron fluence
and material conéiituents and impurities.

d. Perform a LEFM analysi T
The criterion for setting the limits is that the
combined P/T stresses cannct exceed the material
toughness for the specific temperature under
examination. The analytical stress concentration at
each location is driven by postulating specific flaw
sizes. Stress intensity factors for P/T are

(continued)
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BASES (continued)

RCS P/T Limits
B 3.4.9

APPLICABLE
SAFETY ANALYSES
(continued)

calculated and compared to a reference pressure stress
intensity factor. Safety factors are applied to the
pressure stress intensity factor.

With the material toughness established as a function
of RT,,;, stress analyses are performed per Reference 2
to se% the P/T limits. The limiting location of
maximum stress may vary during heatup or cooldown
operations, depending on pressure, temperature, and
temperature rates of change,

Thus, the heatup and cooldown curves are composites of
the limiting pressures at specific temperatures, with
separate curves derived for varying heatup and
cooldown rates.

Adjust the curves. The curves are adjusted for
differences in elevation between the instrument tap
locations and the vessel beltline and for system
pressure losses at different stages of heatup or
cooldown, The limit curves are also adjusted for the
estimated instrument errors of the wide-range P/T
instruments.

The P/T Timit curves must account for a requirement
from Reference 1 that the minimum temperatures of the
closure head fiange and vessel flange regions musi be
at least 120°F above the 1imiting RT, . for these
regions when the pressure exceeds 20%of the
preservice hydrostatic test pressure.

The calculation assumes a semi-elliptical surface
defect with a depth of one-quarter of the wall
thickness, 1/4 T, and a length of 3/2 T exists first
at the inside of the vessel wall, then at the outside
of the vessel wall. These dimensions are well within
the current detection capabilities of inservice
inspection techniques. Therefore, the P/T limit
curves developed for this postulated defect are
conservative and provide adequate protection against
non-ductile failure.

To ensure that the radiation embrittiement effects on
the RT,,, are accounted for in the calculations for the
limit Curves, the most limiting RT,,, (of the various

(continued)
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. BASES (continued)

RCS P/T Limits
B 3.4.9

APPLICABLE
SAFETY ANALYSES
(continued)

reactor vessel components) is used and includes a
radiation-induced shift corresponding to the end of
the fluence period for which heatup and cooldown
curves are generated. This shift is a function of
both the neutron fluence and the copper and nickel
contents of the vessel material. The heatup and
cooldown P/T limit curves include predicted
adjustments for the RT,, shift and state the number of
effective full power years for which this shift
applies.

The actual shift in RT,. of the beltline region
materfal will be establlshed periodically during
operational history by removing and evaluating the
irradiation surveillance specimens installed near the
inside wall of the reactor vessel in the core area.
Since the neutron spectra at the irradiation samples
and at the vessel inside wall are essentially
identical, the measured transition shift for a sample
can be applied to the adjacent section of the reactor
vessel. The limit curves must Le recalculated when
the actual RT.. from the surveillance specimens is
higher than the calculated RT,,r for the presumed
radiation exposure.

RCS P/T l1imits satisfies Criterion 2 of the NRC Interim
Policy Statement.

LCO

The elements of this LCO are:

a.

RCS pressure, temperature, and heatup or cooldown rate
are within the limits specified in LCO 3.4.9,.

The temperature difference between the reactor vessel
bottom head coolant and the reactor pressure vessel
(RPV) coolant is within the limit of the PRESSURE AND
TEMPERATURE LIMITS REPORT (PTLR) during recircuiation
pump startup.

The temperature difference between the reactor coolant
in the respective recirculation loop and in the
reactor vessel meets the l1imit of the PTLR during pump
startup.

(continued)
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RCS P/T Limits

BASES (continued)

LCO ( RCS P/T &re within the criticality limits specified in
(continued) the PTLE.

The reactor vecsel flange and the head flange
temperatures are within the limits of the PTLR when
reactor vessel head bolting studs are tensioned.

These 1imits define allowable operating regions and permit a
large number of operating cycles while also providing a wide
margin to non-ductile failure

The rate of change of temperature limits control the thermal
gradient through the vessel wall and are used as inputs for
calculating the heatup, cooldown, and ISLH testing P/T limit
curves. Thus, the LCO for the rate of change of temperature
restricts stresses caused by thermal gradients and aiso
ensures the validity of the P/T 1imit curves,

Violation of the limits places the reactor vessel outside of
the bounds of the stress analyses and can increase stresses
in other RCS components, The consequences depend on several
factors, as follow:

The severity of the departure from the allowable
operating pressure temperature regime or the severity
of the rate of change of temperature;

The length of time the limits were violated (longer
1
!

violations allow the temperature gradient in the thick
vessel walls to become more pronounced); and

The existences, sizes, and orientations of flaws in
the vessel material

APPLICABILITY The RCS P/T limits LCO provides a definition of acceptable
operation for prevention of non-ductile (brittle) failure in
accordance with 10 CFR 50, Appendix G (Ref. 1), A 1h
the P/T limits were developed to provide guidance
operation during heatup or cooldown (MODES 3 and 4

[SLH testing, their applicabiiity is at all times

with the concern for non-ductile failure

(continued)

(continued)
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RCS P/T Limits
B 3.4.9

. BASES (continued)

APPLICABILITY
(continued)

ACTIONS

During MODES 1 and 2, other LCOs provide 1imits for
roeration that can be more restrictive than these P/T
Iimits. These LCOs are LCO 3.4.1, "Recirculation Loops
Operating," and LCO 3.4.10, "Reactor Steam Dome Pressure.”
Safety Limit 2.1, "Safety Limits," also gives operational
restrictions for P/T and maximum pressure. Furthermore,
MODES 1 and 2 are above the temperature range of concern for
non-ductile failure, and stress analyses have been performed
for normal maneuvering profiles, such as power ascension or
descent,

The Actions designated by this specification are based on
the premise that a violation of the limits occurred during
normal plant maneuvering Severe violations caused by
abnermal transients, which may be accompanied by equipment
failures, may also require additional Actions based
emergency cperating procedures.

or

A.l and A.2

Operation not within the P/T 1imits must be restored to
within the 1imits., The RCPB must be p,iced in a condition
that has been verified by stress analyses. Restoration is
in the proper direction to reduce RCPB stress

'\ T‘; [

resto

b8 ¢

)-minute Completion Time reflects the urgency of
*ing the parameters to within the analyzed range.
Most violations will not be severe, and the activity can be

accomplished in this time in a controlled manner.

Besides restoring operation within limits, an evaluation is
r

required to determine if RCS operation can continue. The
evaluation must verify the RC
and must be completed before
methods may be used,
transients in the stress analyses, new analyses, or

inspection of the components, The evaluation must be

~DO0 2 e . N ¢ Yealal: anla
PB integrity remains acceptable

continuing operation, Several
including comparison with pre-ana

yzed




RCS P/T Limits

B 3.4.9
BASES (continued)
ACTIONS completed, documented, and approved in accordance with
(continued) established plant procedures and administrative controls.

ASME Section XI, Appendix E (Ref. 6) may be used to support
the evaluation., However, its use is restricted to
evaluation of the vessel beltline. The evaluation must
extend to all components of the RCPB.

The 72«hour Completion Time is reasonable to accomplish the
evaluation of a mild violation. More severe viclations may
require special, event-specific stress analyses or
inspections. A favorable evaluation must be completed
before continuing to operate.

Condition A is modified by a Note requiring both Required
Action A.1 and Required Action A.2 completed whenever the
condition is .ntered. The Note emphasizes the need to
restore operation within 1imits and perform the evaluation
of the effects of the excursion outside the allowable
Timits. Restoration alone is insufficient because
higher-than-analyzed stresses may have occurred and may have
affected the RCPB integrity.

The combination of RCS P/T 1s considered out of limits if
the equipment used to measure RCS pressure or temperature is
determined to be inoperable. Required Action A.1 and
Required Action A.2 apply to restoring such equipment to
OPERABLE status.

8.1 and B.2

If a Required Action and associated Completion Time of
Condition A are not met, the plant must be placed in a lower
MODE because: a) the RCS remained in an unacceptable P/T
region for an extended period of increased stress, or b) a
sufficiently severe event caused drastic entry into an
unacceptable region. Either possibility indicates a need
for more careful examination of the event, best accomplished
with the RCS at reduced P/T. With the reduced conditions,
the possibility of propagation of undetected flaws is
decreased.

If the restoration activity cannot be accomplished in
30 minutes, Required Action B.1 and Required Action B.2 must
be implemented to reduce P/T.

(continued)

(continued)
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ACTIONS

SURVE ]

;\ll U\, I:

LANCE
MENTS

RCS P/T Limits

If the evaluation for continued operation cannot be
accomplished in 72 hours or the results are indeterminate or
unfavorable, action must proceed to reduce P/T as specified

in Required Action B.1 and Required Action B.2. A favorable

/

evaluation must be completed, documented, and approved
before returning to operating P/T conditions However, 1f

the favorable evaluation is accomplished while reducing P/T
conditions, a return to power operation may be considered
without completing Required Action B.1 and Required

Action B.2

P/T are reduced by ¢
within 12 hours and
Completion Times are on operating
experience, to react from full power in
an orderly manner and without challenging plant

at least MODE 3
hours. The

systems

The 36-hour Completion Time for achieving MODE 5 permits a
soak period, if needed, or a slower cooldown [(~5°F/hr)] A
soak period may be desirable if a temperature rate of
limit has been violated

change

SR 3.4.9.1

" . 4
required

Verification that operation is within LCO limits is
every 30 minutes when RCS temperature and pressure
conditions are undergoing ;\uﬁﬂ&? (?awgpa This irpgup"y

is considered reasonable in view of the controi roon

sl i % 11 1 " Vals » y )M A 0 ing
indication ava abpie to monitor KLS tatus. AI1SO, STNCE
temperature rate-of-change limits are specified in hourly
increments, 30 minutes permit a reasonable time foi
assessment and correction of minor deviations
snd L) v . : ) ; . T col ba s o ‘
Surveillance for heatup, cooldown, or ISLH testing may De
discontinued when the de finit n given 111 the T9W§“~dr‘ piant
procedure for ending the activity satistied
1) 5 N W -
A Note require 14 urveillance to be performed niy
uring ystem heatus 00 "'"nwn, an ISLH testin
i e . .
For this fa ity, R ¢ measured e foilow
ntinued)
$ 4y vl
it |
4 "
L J 43 n




BASES (continued)

RCS P/T Limits
B 3.4.9

SURVEILLANCE
REQUIREMENTS
(continued)

SR._3.4.9.2

A separate 1imit is used when the reactor is approaching
criticality. Consequently, the RCS F/T mus*t be verified
within the apqropriate Timits before withdrawing control
rods that will make the reactor critical.

Performing the Surveillance within 15 minutes before rod
withdrawal for achieving criticality provides adequate
assurance that the limits will not be exceeded between the
time of the Surveillance and the time of the control rod
withdrawal,

SR_3.4.9.3 and SR 3.4.9.4

Differential temperatures within the applicable LCO limits
ensure that thermal stresses resulting from the startup of
an idle recirculation pump will not exceed design
allowances. In addition, compliance with these limits
ensures that the assumptions of the analysis for the startup
of an idle recirculation lToop (Ref. 9) are satisfied.

Performing the Surveillance within 15 minutes before
starting the idle recirculation pump provides adequate
assurance that the limits will not be exceeded between the
time of the Surveillance and the time of the idle pump
start,

An acceptable means of demonstrating compliance with the
temperature differential requirement in SR 3.4.9.¢4 is to
compare the temperatures of the operating recirculation loop
and the idle loop.

A Note requires SR 3.4.9.3 to be performed in MODTS 1, 2,
and 3, and in MODE 4 with reactor steam dome pres.ure

2 25 psig. A Note also requires SR 3.4.9.4 to be performed
only in MODES 1, 2, 3, and 4.

[For this facility, bottom head coolant temperature is
measured as follows:)

[For this facility, RPV coolant temperature is measured as
follows:]

(continued)
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RCS P/T Limits
B 3.4.9

BASES (continued)

SURVETLLANCE
REQUIREMENTS

(continued) Limits on the reactor vessel flange and head flange
temperatures are generally bounded by the other P/T limits
during system heatup and cooldown. However, operations
approaching MODE 4 from MODE 5 and in MODE 4 with RCS
temperature less than or equal to certain specified values
require assurance that these temperatures meet the LCO
1imits. Surveillances must be performed every 30 minutes
while approaching and early in MODE 4, then every 12 hours

until reaching the specified RCS temperature to stay abreast
of changes.

The flange temperatures must be verified above the lir s
3" minutes before and while tensioning the vessel head
bolting studs to ensure that once the head is tensioned the
limits are satisfied. When in MODE 4 with RCS temperature
less than or equal to B0°F, 30-minute checks of the flange
temperatures are required because of the reduced margin to
the limits. When in MODE 4 with RCS temperature Tess than
or equal to 100*F, Surveillances of the flange temperatures
are required every 12 hours to ensure the temperatures are
within the limits specified in the PTLR,

The 30-minute Frequency reflects the urgency of maintaining
the temperatures within limits, and also limits the time
that the temperature limits could be exceeded. The 12-hour
Frequency 1s reasonable based on the rate of temperature
change possible at these temperatures

REFERENCES Title 10, Code of Federal Regulations, Part 50,
Appendix G, "Fracture Toughness Requirements."

ASME Boiler and Pressure Vessel Code, Section 111,
Appendix G, "Protection Against Non-Ductile Failure."

Regulatory Guide 1.99, Revision 2, "Radiation
Embrittiement of Reactor Vessel Materials," May 1988

UREG-0800, USNRC Standard Review Plan, Section 5.3.1,
"Reactor Vessel Materials," Rev. 1, July 1981.

(continued)

(continued)




BASES ‘continued)

RCS P/T Limits
B 3.4.9

REFERENCES b,

(continued)

ASTM £ 185-82, "Standard Practice for Conducting
Surveillan-e Tests for Light-Water Cooled Nuclear
Power Re.ctor Vessels," July 1982.

Title 10, Code of Federal Reguiations, Part 50,
Appendix H, "Reactor Vessel Material Surveillance
Program Requirements.”

ASME Boiler and Pressure Vessel Code, Section XI,
gppendix £, "Evaluation of Unanticipated Operating
vents."

NEDD-21778-A,"Transient Pressure Rises Affecting
Fracture Toughness Requirements for Boiling Water
Reactors," December 1978.

(Unit Name] FSAR, Section [15], "[Title],"
(Subsection 15.1.26].
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Reactor Steam Dome Pressure
B 3.4.10

. B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.10 Reactor Steam Dome Pressure

BASES

BACKGROUND

The reactor steam dome pressure is an assumed initial
condition of Design Basis Accidents (DBAs) and transients
and is also an assumed value in the determination of
compliance with reactor pressure vessel overpressure
protection criteria.

APPLICABLE
SAFETY ANALYSES

The reactor steam dome pressure of < [1020] psig is an
initial condition of the vessel overpressure protection
analysis of Reference 1. This analysis assumes an initial
maximum reactor steam dome pressure and evaluates the
response of the pressure relief system, primarily the
safety/relief valves, during the limiting pressurization
transient. The determination of compliance with the
overpressure criteria is dependent on the initial reactor
steam dome pressure; therefore, the limit on this pressure
ensures that the assumptions of the overpressure protection
analysis are conserved. Reference 2 also assumes an initial
reactor steam dome pressure for the analysis of DBAs and
transients used to determine the 1imits for fuel cladding
integrity (MINIMUM CRITICAL POWER RATIO, see Bases for LCO
3.2.2) and 1% cladding plastic strain (see Bases for LCO
3.2.1). References 1 and 2 contain the acceptance limits
for the associated DBAs and transients. They are referred
to when making modifications to the unit which could affect
the rcactor steam dome pressure to assess any cffect in
relation to the acceptance limits.

Reactor steam dome pressure satisfies the requirements of
Criterion 2 of the NRC Interim Policy Statement.

The specified reuctor steam dome pressure limit of

< [1020] psig assures the plant is operated within the
assumptions of the transient analyses. Operation above the
limit may result in a transient

t response more severe than
analyzed

(continued)




Reactor Steam Dome Pressure
B 3.4.10

BASES (continued)

LCO The system is OPERABLE when:
(continued)
a. All components necessary to provide the function are
functional and in service; and

b. A1l required surveillances are current and have
demonstrated acceptable performance,

APPLICABILITY In MODES 1 and 2, the reactor steam dome pressure is
required to be less than or equal to the limit. In these
MODES the reactor may be generating significant steam and
the DBAs and transients are bounding. The 1imit may be
exceeded during anticipated Cperational occurrences;
however, the evalua.ions of References 1 and 2 demonstrate
that appropriate reactor and fuel limits are not exceeded.

In MODES 3, 4, and 5, the limit is not applicable because
the reactor is shut down. In these MODES, the reactor
pressure is well below the required limit, and no
anticipated events will challenge the overpressure limits.

ACTIONS Al

With the reactor steam dome pressure greater than the limit,
prompt action should be taken to reduce pressure to below
the 1imit and return the reactor to operation within the
bounds of the analyses. The 15-minute Completion Time is
reas-nable considering the importance of maintaining the
pressure within limits. This Completion Time also accounts
for the unlikely probability of an accident occurring while
pressure 1s greater than the limit. If the operator is
unable to restore the reactor steam dome pressure to below
the 1imit, then the reactor should be placed in MODE 3 to be
operating within the assumptions of the transient analyses.

Reactor steam dome pressure is considered out of limits if
the equipment used to measure reactor steam dome pressure is
determined to be inoperable. Required Action A.]1 applies to
restoring such equipment to OPERABLE status.

(continued)

(continued)
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. BASES {continued)

Reactor Steam Dome Pressure
B 3.4.10

ACTIONS
(continued)

The plant must be placed in a MODE in which the LCO does not
apply if the reactor steam dome pressure cannot be restored
to within the 1imit within the associated Completion Time.
This is done by placing the plant in at least MODE 3 within
12 hours. This Completion Time is reasonable, based on
operating experience, to reach the required MODE from full
power in an orderly manner and without challenging plant
systems.

SURVETLLANCE
REQUIREMENTS

SR_3.4.10.1

Verification that reactor steam dome pressure is

< [1020] psig ensures that the initial conditions of the
DBAs and transients are met. Operating experience has shown
the 12-hour Frequency to be sufficient for identifying
trends and verifying operation within safety analyses
assumptions.

[For this facility, reactor steam dome pressure is measured
as follows:]

REFERENCES

1. [Unit Name] FSAR, Section [5.2.2.2.4.], "[Title]."
2. [Unit Name] FSAR, Section [15], "[Accident Analyses]."
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ECCS-~Operating
B 3.5.1

B 3.5 EMERGENCY CORE COOLING SYSTEMS (ECCS) AND REACTOR CORE ISOLATION
COOLING (RCIC) SYSTEM

B 3.5.1 ECCS—Operating

BACKGROUND

The ECCS is designed, in conjunction with the primary and
secondary containment, to 1imit the release of radioactive
materials to the environment following a loss-of-coolant
accident (LOCA). The ECCS uses two independent methods
(flooding and spraying) to cool the core durin? a LOCA. The
ECCS network consists of the High Pressure Coolant Injection
(HPCI) System, the Core Spray (CS) System, the low pressure
coolant injection (LPCI) subsystem of the Residual Heat
Removal (RHR) System, and the Automatic Depressurization
System (ADS). The suppression pool provides the required
source of water for the ECCS. Although no credit is taken
in the safety analyses for the condensate storage tank
(CST), it is capable of providing a source of water for the
HPCI and CS systems.

On receipt of an initiation signal, all ECCS pumps
automatically start; simultaneously, the system aligns and
the pumps inject water, taken either from the CST or
suppression pool, into the Reactor Coolant System (RCS) as
RCS pressure is overcome by the discharge pressure of the
ECCS pumps. Although the system is initiated, ADS action is
delayed, allowing the operator to interrupt the timed
sequence if the system is not needed. The HPCI pump
discharge pressure almost immediately exceeds that of the
RCS, and the pump injects coolant into the vessel to cool
the core. If the break is small, the HPCI System will
maintain coolant inventory while the RCS is still
pressurized and, thus, maintain vessel level, If HPCI
fails, it is backed up by ADS in combination with LPCI and
CS. In this event, ADS timed sequence would be allowed to
time out and open the selected safety/relief valves (S/RVs)
depressurizing the RCS, thus allowing the LPCI and CS to
overcome RCS pressure and inject coolant into the vessel.
If the break is large, RCS pressure initially drops rapidly
and the LPCI and CS cool the core.

Water from the break returns to the suppression pool where
it 1s used again and again. Water in the suppression pool
is circulated through a heat exchanger cooled by the Standby

(continued)
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ECCS—Operating

B 3.5.1
BASES (continued)
BACKGROUND Service Water System (SWS). Depending on the location and
(continued) size of the break, portions of the ECCS may be ineffective;

however, the overall design is effective in cooling the core
regardless of the size or location of the piping break.
Although no credit is taken in the safety analysis ror the
RCIC System, it performs the same function as HPCI, but has
iimited makeup capability. Nevertheless, it will maintain
inventory and cool the core while the RCS is still
pressurized following a reactor pressure vessel (RPVY)
isolation.

A11 ECCS subsystems are designed to ensure that no single
active component failure will prevent automatic initiation
and successful operation of the minimum required ECCS
equipment.

The CS System (Ref. 1) is composed of two independent
subsystems. Each subsystem consists of a motor-driven pump,
a spray sparger above the core, and piping and valves to
transfer water from the suppression pool to the sparger.

The CS System is designed to provide cooling to the reactar
core when reactor pressure is low. Upon receipt of an
initiation signal, the CS pumps in both subsystems are
automatically started (from normal AC power if available;
otherwise, the pumps start after emergency AC power becomes
available). When the RPV pressure drops sufficiently, CS
System flow to the RPV begins. A full flow test line is
provided to route water from and to the suppression pool to
allow testing of the CS system without spraying water in the
RPV.

LPCI is an independent operating mode of the RHR system.
There are two LPCI subsystems (Ref. 2), each consisting of
two motor-driven pumps and piping and valves to transfer
water from the suppression pool to the RPV via the
corresponding recirculation loop. The two LPCI subsystems
can be interconnected via the RHR System cross-tie valve;
however, the cross-tie valve is maintained closed with its
power removed to prevent loss of both LPCI subsystems during
a LOCA, The LPCI subsystems are designed to provide core
cooling at Tow RPV pressure. Upon receipt of an initiation
signal, all four LPCI pumps are automatically started (from
normal AC power, if available; otherwise, the pumps start
after emergency AC power becomes available). RHR System

(continued)

(continued)
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ECCS—Operating
B 3.5.1

BASES (continued)

BACKGROUND valves in the LPCI flow path are automatically positioned
(continued) to ensure the proper flow path for water from the

suppression pool to inject into the recirculation loops.
When the RPV pressure drops sufficiently, the LPCI flow to
the RPV, via the corresponding recirculation loop, begins.
The water then enters the reactor through the jet pumps.
Full flow test Tines are provided for the four LPCI pumps t
route water from the suppression pool to allow testing of
the LPCI pumps without injecting water into the RPV These
test lines also provide suppression pool cooling capability,
as described in LCO 3.6.2.3, "RHR Suppression Pool Cooling

The HPCI System (Ref. 3) consists of a steam-driven
turbine-pump unit, piping, and valves tc rovide steam to
the turbine, as well as piping and valves to transfer water
from the suction source to the core via the feedwater system
line, where the coolant is distributed within the RPV
through the feedwater sparger Suction piping for the
system is provided from the CST and the suppression pool.

i At

.

1
i

Pump suction for HPCI is normally aligned to the CST sou ~ce
to minimize injection of suppression pool water into the
RPV. If the CST water supply is iow, however, or if the
suppression pool level is high, an automatic transfer to the
suppression pool water source ensures a water supply for
continuous operation of the HPCI System. The steam supply

to the HPCI turbine is piped from a main steam line upstream

of the associated inboard main steam isolation valve,

1

The HPCI System is designed to provide core cooling for a
wide range of reactor pressures (162 to 1135 psid, vessel t¢
pump suction). Actuation of HPCI relies only on its DC
power source. Upon receipt of an initiation signal from

r
[RPV lTow water level], the HPCI turbine stop valves and
t it

turdbine control valves open si

ultaneously and tke turbine
accelerates to a specified speed As the HPCI flow
increases, the turbine governor valve is automatically

adjusted to maintain design flow. Exhaust steam from the

HPCI turbine is discharged to the suppression pool. A ful
flow test line is provided to route water from and to the
ST to allow testing of the HPCI System during normal

operation without injecting water into the RPV,

fhe ECCS pumps are provided with minimum flow bypass 1ines
which discharge to the suppression pool The valves in
t! e |iné automatically open to prevent pump damage due to

cont {nued




ECCS—Operating
B 3.5.1

BASES {continued)

BACKGROUND overheating when other discharge line valves are closed. To
(continued) ensure rapid delivery of water to the RPV and to minimize

water-hammer effects, all ECCS pump discharge lires are
filled with water. The LPCI and CS System discharge ! 'nes
are kept full of water using a "keep fill" system (jockoy
pump system). The HPCI System is normally aligned to th
CST. The height of water in the CST is sufficient to
maintain the piping full of water up to the first isolation
valve, The relative height of the feedwater 1ine connection
for HPCI is such that the water in the feedwater lines keeps
the remaining portion of the HPCI discharge 1ine full of
water. Therefore, HPCl does not require a keep fill system.

The ADS (Ref. 4) consists of [7] of the [11] S/RVs. It is
designed to provide depressurization of the RCS during a
small-break LOCA if HPCI fails or is unable to maintain
required water level in the RPV. ADS operation reduces the
RPV pressure to within the operating pressure range of the
low-pressure ECCS suhsystems (CS and LPCI), so that these
subsystems can provide coolant inventory makeup. Each of
the S/RVs used for automatic depressurization is equipped
with one air accumulator and associated inlet check valves,
The accumulator provides the pneumatic power to actuate the

valves,

APPLICABLE The ECCS perfermance is evaluated for the entire spectrurm of
SAFETY ANALYSES break sizes for a postulated LOCA. The accidents for which
ECCS operation is required are presented in Reference 5.
The required analyses and assumptions are defined in
Reference 6. The results of these analyses are also
described in Reference 5.

This LCO helps to ensure that the following acceptance
criteria for the ECCS, established by 10 CFR 50.46 (Ref. 7),
will be met following a LOCA assuming the worst-case single
active component failure in the ECCS:

Maximum fuel element cladding temperature is < 2200°F;

Maximum cladding oxidation is < 0.17 times the total
cladding thickness before oxidatior;

(continued)

(continued)
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. BASES (continued)

ECCS—Operating
B 3.5.1

APPLICABLE

SAFETY ANALYSES

(continued)

¢. Maximum hydrogen generation from a zirconium-water
reaction is < 0.0]1 times the hypothetical amount that
would be generated if all of the meta) in the cladding
cylinders surrounding the fuel, excluding the cladding
surrounding the plenum volume, were to react;

d. The core is maintained in a coolable geometry; and
e. Adequate long-term cooling capability is maintained.

The Timiting sing?2 1eilures are discussed in Reference 8.
For a large discharge pipe break LOCA, fatlure of the LPCI
injection valve on the unbroken recirculation loop is
considered the most severe failure. For a small-break LOCA,
HPCI failure is the most severe failure. One ADS valve
failure is analyzed as @ limiting single failure for events
requiring ADS operation. The remeining OPERABLE £CCS
subsystems provide the capability to adequately cuol the
core and prevent excessive fuel damage.

The ECCS satisfy Criterion 3 of the NRC Interim Policy
Statement .

LCO

e—

A1l ECCS subsystems and [seven] ADS valves are required to
be OPERABLE. The ECCS subsystems are defined as the two C§
subsystems, the two LPCI subsystem:, and ome HFCI System.
The low-pressure ECCS subsystems are detined as the two CS
subsystems and the two LPCI subsystems.

With fewer than the required number of FCCS subsystems
OPERABLE, the potential exists tha:¢ during a limiting design
basis LOCA concurrent with the wor_t-case singie failure,
the 1imits specified in Reference 7 cuuld be exceeded. A1)
ECCS subsystems must therefore he properly aligned, tested,
maintained, and supported by appropriate support systems to
be OPERABLE and to satisfy the single failure criterion
required by Reference 7. The ECCS is supported by other
systems that provide automatic ECCS initiation signals

(LCO 3.3.5.1, "Emergency Core Cooling System (ECCS)
Instrumentation"); service water to conl pumps and ECCS
equipment rooms (LCO 3.7.3, “[Plant] Service Water (PSK)
System and Ultimate Heat Sink (UHS)"); electrical power

(continued)
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ECCS— Operating
8 3.8.1

BASES (continued)

LCO (1CO 3.8.1, "AC Sources-—Operating," and LCO 3.8.3, “DC
(continued) Sources—Operating"); suppression pool ceoling (St2ndby
SWS); and preumatic power (ADS instrument air supply).

A LPCI subsystem may be considered OPERABLE during alignment
to and operation in the RHR shutdown cooling mode when below
the RHR cut-in permiissiv: pressure in MODE 3, if capab.,e of
being manually realignea from the contral rcom to the LPCI
mode and not otherwise inoperable. A% these low pressures
and decay heat levels, a reduced complem.~t of ECCS
subsystems can provide the requirec core cooling, thereby
allowina operation of' an RHR shutdown cooling loop when
necessary,

[For this facility, an OPERABLE HPCI System cerstitutes tre
following:]

[For this faciiity, an OPERABLE LPCI subsystem constitutes
the following:}

[For this facility, an OPERABLE CS subsystem constitutes the
following:)

[For this facility, an OPERABLE ADS valve constitutes the
following:)

[For this facility the fellowing support cystems are
required to be OPERABLE to ensure ADS valve OPERABILITY:!

[For this faciiity, those required support systems which,
upon their failure, do not require declaring the ECCS
subsystems or ADS valves inoperable and their justification
are as follows:)

APPLICABILITY A11 ECCS subsystems are required to be OPERABLE during MODES
1, 2, and 3, when there is considarable energy in the
reactor core and core cooling would be required to prevent
fuel damage in the event of a break in the primary system
piping. In MIDZS 2 and 3, when reactor steam dome pressure
is < 150 psig, ADS and HPCI are not required to be OPERABLE
because the low-pressure ECCS subsystems can provide
sufficient flow below this pressure. ECCS requirements for
MODES 4 and 5 are specified in LCO 3.5.2,

(continued)

——— -
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ECCS—Operating
B 3.5.1

A dute ~a been added to provide «larirication that, for
tvds LCD, ¢ 11 ECCS subsystems and 211 ADS valves are treated
¥ &n ext ith a singie Completion Time,

If any one low-pressure ECCS subsystem is inoperable, the
inoperible subsysiem must be vestored to OPERABLE status
n“thin 7 days. In this condition, the remaining OPERABLE
sebsystems provide adequate core cooling during a LOCA,
Ov'rall ECCS reliability is reduced, however, because a
single vaflure in one of the remaininy OPERABLE subsystems,
concurrent with a LOCA, may result in the ECCS not being
able to perfarm its intended safety function. The 7-day
Completion Time is based on a reliability study (Ref. §)
that evaluated the impact or ECCS availability, assuming
various components and subsystems wer- ¢Xan out of service.
The resultt vere used to calcuiate the average availability
of ECCS exaipment needed to mitigate the - .nsequences of a
LPCA as a fusrction of allowed outage times (AQT5!

B.1 and B

|8

o

'f the inoperable low-pressure ECCS subsystem carnvt be
restored to CPERAPLE status within the associated Compietion
Time, the piant must be p*aceu in a MODE in which the LC(
dues not apply. This is done by placing th2 plant in at
least MODt 3 within 12 hours and in MODE 4 within 36 hours.
The allowed Completion Times are rvasonable, based on
operating experience related to the amount of time required
to reach the reauired MODES from full power in an orderly
mcnner and without challenging plant systems,

and C

|
S A

[ the HPCI System 3¢ inoperable and the RCIC System is
nediately verified to be OPERABLE, the HPCI System must be
restored to OPERAELE status within 14 days. In this
condition, adequate core coo’ing 1 assured by the
OPERABILITY of redundant and diverse low pressure ECCS

(continued)

(continued)
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. BASES (continued)

ECCS—Operating
B 3.5.1

ACTIONS
(continued)

of 72 hours is allowed to restore cither the HPC] System or
the low-pressure ECCS subsystem to OPERABLE status. This
Completion Time is based on a reliability study cited in
Reference 9 and has been found to be acceptable through
operating experience.

£d

The LCO requir~s [seven] ADS valves to be OPERABLE to
provide the aDS function, Reference 10 contains the results
of an analysis that evaluated the effect of one ADS valve
being out of service. As per this analyris, operation of
only [six] ADS valves will previde the required
depressurization. The overe)l velie' '1ity of the ADS is
reduced, h~wever, and operation is only allowed for a
limited time. The l4-day Completion Time is based on a
reliability study cited in Reference 9 and has been found te
be acceptable through operatine Zxperience.

E.J and F.2

If any one low-pressure ECCS subsystem is inoperable in
addition to one inoperable required ADS valve, adequate core
cooling is assured by the OPERABILITY of HPCI and the
remaining low-pressure ECCS subsystem; however, ECCS
reliability is iurther reduced. If a single active
component failure occurs concurrent with a design basis
LOCA, the mirimum required ECCS equipment may not be
available. Since both a high-pressure system (ADS) and a
Jow-pressure subsystem are inoperable, a more restrictive
Completion Time of 72 hours is allowed to restore either the
Tow-pressure ECCS subsystem or the ADS valve to OPERABLE
status. This Completion Time is based on a reliability
study, cited in Reference 9, and has been found to be
accentable through operating experience.

6.1 and G.2

The plant must be placed in & Condition in which the LCO
does not apply if the Required Actions ard associated
Completion Times of Condition C, D, E, or F are not met, or
if two or more required ADS valves are inoperable. This is
done by placing the plant in 3t least MODE 3 within 12 hours
and reducing reactor steam dome pressure *uv < 150 psig

(continued)
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ECCS—Operating

B 3.5.1
BASES (continued)
ACTIONS within 36 hours. The allowed Compiet on Times are
(continued) reasonable, Lased on operating experiince related to the

time required to reach the required MODE and condition from
full power in an orderly manner and without challenging
plant systems.

H.l

When multiple ECCS subsystems are inoperable, as stated for
Condition H, the plant is in a Condition outside of the
accident analyses. Therefore, LCO 3.0.3 must be entered
immediately,

SURVEILLANCE ad3.8.1.J
REQUIREMENTS

The flow path piping has the potential to develop voids and
pockets of entrained afr., Maintaining the pump discharge
lines of the HPCI System, CS system, and LPCI subsystems
fu'l of water ensures that the ECCS will perform properly,
injecting its full capac'tv inty the RCS upon demand. This
will also prevent a water hammer foilowing an tCCS
fnitiation signal. One acceptable method of ensuring that
the 1ines are "full" is to vent at the high paints. The
31-day Frequency is based on the gradual nature of void
buildup in the ECCS piping, the procedural controls
governing system operation, and operating experience.

SR_3.%8.1.2

Verify'ng the correct alignment for manual, power-operated,
and automatic valves in the ECCS flow paths provides
assurance that the proper flow paths will exist for ECCS
operation. This SR does not apply to valves that are
locked, sealed, or otherwise secured in position since these
were verified to be in the correct position prior to
Tocking, sealing, or securing. A valve that receives an
initiation signal is allowed to be in a non-accident
position provided the valve will automatically reposition in
the proper stroke time. This SR does not require any
testing or valve manipulation; rather, it involves
verification that those valves capable of being
mispositioned are in the correct position. This SR does not
apply to valves that cannot be inadvertently misaligned,

(continued)

(continued)
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ECCS—Operating
B 3.5.1

SURVEILLANCE
REQUIREMENTS
(continued)

such as check valves. For the HPCI System, this SR also
includes the steam fiow path for the turbine and the flow
controller position.

The 31-day Frequency of this SR was derived from the
Inse;vice Testing Program requirements for performing valve
testing at least once every 92 days. The Frequency of

3] days is further ‘ustified because the valves are operated
under procedural control and because improper valve position
would oniy affect a single subsystem, This Frequency has
been shown to be acceptable through operating experience.

This SR is modified by a Note that allows an LPCI subsyst.m
to be considered UPERABLE during alignment to and ope:ation
in the RHR shutdown cooling mode when below the PHx cut-in
permissive pressure in MODE 3, if capable of being manually
realigned from the control room to the LPCI mode and not
otherwise inoperable., This allows operation in the RHR
shutdown cooling mode during MODE 3, if necessary.

SR_3.5.1.3

Verification every 31 days that ~US [air supply header)
pressure is > [90]) psig ensures air pressure ‘or reliable
ADS operation. The accumulator on each ADS valve provides
pneumatic pressure for valve actuation. The design
pneumatic supply pressure requirements for the accumulator
are such that, fo]lowin? a failure of the pneumatic supply
to the accumulator, at least two valve actuations can occur
with the dryweil at 70% of dtsi?n pressure (Ref. 8). The
ECCS safety analysis assumes only one actuation to achieve
the depressurization required for operation of the low-
pressure ECCS. This minimum required pressure of

> [90] psig is provided by the ADS instrument air supply.
The 31-day Frequency takes into consideration administrative
controls over operation of the air system and alarms for low
air pressure.

S _3.5.1.4

Verification every 31 days that the RHR System cross-tie
valve is closed and power to its operator is disconnected
ensures that each LPCI subsystem remains independent and a
failure of the flow path in one subsystem will not affect

(continued)
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Operating
B 3.9.1

DASES (continued)

SURVE [ L LANCE the flow path of the other LPCIl subsystem Acceptable
REQUIREMENTS methods of removing power to the operator include
{continued) de-enargizing breaker control power or racking out or
removing the breaker [f the RHR System cross-tie valve
open or power has not been removed from the valve operator,
both LPCI subsystems must be considered inoperable The
3] Frequency has been found acceptable, considering that
valves are under strict administrative controls that
nsure that valves continue to remain closed with

control or motive power removed

N

n every 31 days ti each LPCI
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i ECCS— Operating

B 3.5.]
SURVEILLANCE considered acceptable due to the demonstrated reliability of
REQUIREMENTS these valves.
(continued)

SR._3.85.0.7, S8 3.5.1.8, and SR _3.5.1.9

The performance requirements of the low-pressure ECCS pumps
are determined through application of the 10 CFR 50,
Appendix K, criteria /Ref. 6). Periodic surveillance is
performed (in accordance with the American Society of
Mechanical Engineers (ASME) Code, Section X1, requirements
for the ECCS pumps) to verify that the ECCS pumps will
develop the flow rates required by the respective analyses.
The Tow-pressure ECCS pump flow rates ensure that adequate
core cooling 1s provided to satisfy the acceptance criteria
of Reference 7. The pump flow rates are verified against &
system head equivalent to the RPV pressure expected during a
LOCA. The total system pump outlet pressure is adequate to
overcome the elevation head pressure between the pump
suction and the vessel discharge, the piping friction
losses, and RPV pressure present during a LOCA. These
values may be established ouring preoperational testing.

|
|
. The flow tests for the UPCI System are performed at two

. SASES (continued)

different pressure ranges such that system capability to
provide rated flow 1 tested at beth the higher and lower
operating ranges of the system. Since the reactor steam
dome pressure must be ; 7920) ps1g to perform SR 3.5.1.8

and > [150] psig to perform SR 3.5.1.9, sufficient time is
allowed after adequate pressure is achieved to perform these
tests once only., Reactor startup is allowed prior to
performing the low-pressure test because the reactor
pressure is low and the time allowed to satisfactorily
perform the test is short. The reactor pressure 15 allowed
to be increased to normal operating pressure because the low
pressure test has been satisfactorily completed and there is
no indication or reason to believe that HPCI is inoperable.
Thus, a Note is included in SR 3.5.1.8 to indicate that

SR 3.0.4 does not apply.

| A 92-day Frequency for SR 3.5.1.7 and SR 3.5.1.8 is in

| accordance with the Inservice Testing Program and must not

| be exceeded. The 18-month Frequency for SR 3.5.1.9 was
developed considering plant conditions needed to perform the
SR and the potential for unplanned plant transients if the
SR is performed with the reactor at power. Operating

(continued)
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ECCS-—Operating
B 3.5.1
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initiated either by an actual or simulated initiation
signal, causing proper actuation of al)l the requireu
components.

The 18-month Frequency was developed considering the plant
conditions needed to perform the SR and the potential for
unplanned plant transients if the SR 1: performed with the
reactor at power. Operating experience has shown that these
components usually pass the SR when performed on the
18-month Frequency, which is based on the refueling cycle.
Therefore, the Frequency was concluded to be acceptable i.om
a reliability standpoint.

This SR 1s modified by a Note that excludes valve actuation.
This prevents an RPV pressure blowdown,

SR_3.5.1.12

A manual actuation of each ADS valve is performed to verify
that the valve and solenoid are functioning properly and
that no blockage exists in the S/RV discharge Tines. This
is demonstrated by the response of the turbine control or
bypass valve or by a change in the measured steam flow or by
any other method suitable to verify steam flow. Adequate
reactor steam dome pressure must be available to perform
this test to avoid damaging the valve. Sufficient time is
therefore allowed after the required pressure is achieved to
perform this test once only. Adequate pressure at which
this test is to be performed is [920] psig (the pressure
recommended by the valve manufacturer). Reactor startup is
allowed prior to performing this test because valve
OPERABILITY and the setpoints for overpressure protection
are verified, per ASME requirements, prior to valve
installation, Thus, a Note is included in this SR to
indicate that SR 3.0.4 does not apply.

The 18-manth Frequency was developed considering the plant
conditions needed to perform the SR and the potential for
unplanned plant transients if the SR is performed with the
reactor at power. Operating experience has shown that these
components usuaily pass the SR when performed on the
18-month Frequency, which is based on the refueling cycle.
Therefore, the Freauency was concluded to be acceptable from
a reliability standpoint.
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. B 3.5 EMERGENCY CORE COOLING SYSTEMS (ECCS) AND REACTOR CORE ISOLATION
COOLING (RCIC) SYSTEM

B 3.5.2 ECCS—-Shutdown

BACKGROUND

BASES

A description of the Core Spray (CS) System and the low
pressure coolant injection (LPCI) mode of the Residual Heat
Removal (RHR) System is provided in the Bases for LCO 3.5.1.

APPLICABLE
SAFETY ANALYSES

The Applicable Safety Analyses section of Bases B 3.5.1 also
applies to this Bases section. The ECCS performance is
evaluated for the entire spectrum of break sizes for a
postulated loss-of-coolant accident (LOCA). The long-term
cooling analysis following a desigr basis LOCA (Ref. 1)
demonstrates that only one lTow-pressure ECCS subsystem is
required, post-LOCA, to maintain the peak cladding
temperature below the allowable 1imit. To preserve the
single fatlure criterion of Reference 2, a minimum of two
low-pressure ECCS subsystems are required to be OPERABLE in
MODES 4 and 5. Two OPERABLE low-pressure ECCS subsystems
also ensure adequate vessel inventory makeup in the event of
an inadvertent vessel draindown.

The low-pressure ECCS subsystems satisfy Criterion 3 of the
NRC Interim Policy Statement.

LCO

Two low - pressure ECCS subsystems are required to be
OPERABLE. The low-pressure ECCS subsystems congist of two
CS subsystems and two LPCI subsystems. Each CS subsystem
consists of two motor-driven puipe, piping, and valves to
transfer water from the suporession pool or condensate
storage tank (CST) to the reactor pressure vessel (RPV).
tach LPCI subsystem consists of one motor-driven pump,
piping, and valves to transfer water from the suppression
pool to the RPV. Only a single LPCI pump is required per
subsystem because of the larger injection capacity in
relation to a CS subsystem. Support systems affecting the
OPERABILITY of the ECCS are discussed in the LCO 3.5.?

(continued)
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APFLICABILITY
(continued)

The Automatic Depressurization System (ADS) is not required
to be OPERABLE during MODFS 4 and & because the RPV pressure
is s 150 psig, and the CS System and the LPCI subsystems can
provide core cooling without any depressurization of the
primary system.

The High Pressure Coolant Injection (HPCI) System is not
required to be OPERABLE during MODES 4 and 5 since the low-
prcssgre ECCS subsystems can provide sufficient flow to the
vessel,

ACTIONS

Al and B.1

If any one required low-pressure ECCS subsystem is
inoperable, the inoperable subsystem must be restored to
OPERABLE status in 4 hours. In this condition, the
remaining OPERABLE subsystem can provide sufficient vessel
flooding capability to recover from an inadvertent vessel
draindown. Overall system reliability is reduced, however,
because a single failure in the remaining OPERABLE subsystem
concurrent with a vessel! draindown could result in the ECCS
not being able to perform its intended function. The 4-hour
Completion Time for restoring the required low-pressurc ECCS
subsystem to OPERABLE status is based on engineeriny
Judgment that considered the remaining available subsystem
and the lTow probability of a vessel draindown event.

With the inoperable subsystem not restored to OPERABLE
status in the required Completion Time, action must be
immediately initiated to suspend operations with & putential
for draining the reactor vessel (OPDRVs) to minimize the
probability of a vessel draindown and the subsequent
potential for fission product release. Actions must
continue until OPDRVs are suspended.

1. €2, 01,02 and 0.3

With both of the requir.d ECCS subsystems inoperable, all
coolant inventory makeup capability may be unavailable.
Therefore, actions must immediately be initiated to suspend
OPDRVs to minimize the probability of a vessel draindown and

(continued)
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BASES (continued)

the subsequent potential for fission-product release
Actions must continue until OPDRVs are suspended If at

ast one low-pressure ECCS subsystem is not restored to
t

e
OPERABLE =tatus within the l-hour Completion Time,
additional actions are required to minimize any potential
fission-product release to the environment This includes
initiating immediate action to restore the f owing to
OPERABLE status secondary containment, one standby gas
treatment subsystem, one secondary ntainment isolation
valve, and associated ingtrumenta n in each associated
penetration not isolated. OPERABILITY may be verified by an
administrative check or by examining logs or other
information to determine whether the components are out of
for maintenance or o.her reasons Verification does
require performing the SRs needed to demonstrate the
\BILITY of the components 1f, however, any required
onent i1s inoperable, then it must be restored to
BLE status.

case, SRs may need to be parformed to restore the
onent to CPERABLE status. Actions must continue until
equired components are OPERABLE.

The 1-hour Compietion Time te restore at least one low
pressure ECCS subsystem (injection or spray) to OPERABLE
status ensures that prompt action 15 taken to provide the
required cooling capacity or to initiate actions to place
the plant in a condition that minimizes any potential
fission-product release to the environment

The minimum water level
the suppression pool 1i¢
the suppression pool wil

suction head (NPSH) for

f [12 ft 2 inches] required for
eriodically verified to ensure that
provide adequate net positive

e CS System and LPCI subsystem
pumps, recirculation volume, and vortex prevention. With
the suppression pool water level less than the required
limit, all ECCS subsystems are inoperable unless they are
aligned to an OPERABLE CST

(
[
»
3
|
t

.

when suppression pool levei is less than [12 ft 2 inches],
the CS System is considered OPERABLE only 1f it can take

(continued)
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SURVEILLANCE
REQUIREMENTS
(continued)

suction from the CST, and the CST water level is sufficient
to provide the required NPSH for the CS pump. Therefore, a
verification that either the suppression pool water level is
z (12 ft 2 inches] or that CS is aligned to take suction
from the CST and the CST contains = [150,000] g|1lons of
water, equivalent to 12 ft, ensures that the CS System can
supply at least [50,000] gallons of makeup water to the RPV.
The CS suction is uncovered at the [100,000]-gallon level.

The 12-hour Frequency of these SR: was develcped considerin?
operating experience related to suppression pool water leve
and CST water level variations and instrument drift during
the applicable MODES. Furthermore, the 12-hour Frequency 1s
considered adequate in view of o' her indications available
in the control room, including a arms, to alert the operator
to an abnormal suppression pool (r CST water level
condition.

SR_3.5.2.3. SR _3.5.2.5, and SR _3.5.2.6

The Bases provided for SR 3.5.1.1, SR 3.5.1.7, and SR
3.5.1.10 are applicable to SR 3.5.2.3, SR 3.5.2.5, and
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