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subcritical even when the highest worth control rod is fully

withdrawn. The combination of refueling interlocks for control rods

and the refueling platform provide redundant methods of preventing

inadvertent criticality even after procedural violations. The

interlocks on hoists provide yet another method of avoiding

inadvertent criticality.

Fuel handling is normally conducted with the fuel grapple hoist. The
total load on this hoist when the interlock is required consists of
the weight of the fuel grapple and the fuel assembly. This total is
approximately 1,500 lbs, in comparison to the load-trip setting of
1,000 1bs. Provisions have also been made to allow fuel handling
with either of the three auxiliary hoists and still maintain the
refueling interlocks. The 400-1b load-trip setting on thesg hois

is adequate to trip the interlock when one of the more t o<1
fuel bundles is being handled. ¢

During certain periods, it is desirable to perform maintenance on two
control rods and/or control rod drives at the same time without
removing fuel from the cells. The maintenance is performed with the
mode switch in the refuel position to provide the refueling
interlocks normally available during refueling operations. In order
to withdraw a second control rod after withdrawal of the first rod,
it is necessary to bypass the refueling interlock on the first
control rod which prevents more than one control rod from being
withdrawn at the same time. The requirement that an adequate
shutdown margin be demonstrated and that all remaining control rods
have their directional control valves electrically disarmed ensures
that inadvertent criticality cannot occur during this maintenance.
The adequacy of the shutdown margin is verified by demonstrating that
at least 0.38 percent Ak shutdown margin is available. Disarming the
directional control valves does not inhibit control rod scram
capability.

Specification 3.10.A.7 allows unloading of a significant portion of
the reactor core. This operation is performed with the mode switch
in the refuel position to provide the refueling interlocks normally
available during refueling operations. In order to withdraw more
than one control rod, it is necessary to bypass the refueling
interlock on each withdrawn control rod which prevents more than one
control rod from being withdrawn at a time. The requirement that the
fuel assemblies in the cell controlled by the control rod be removed
from the reactor core before the interlock can be bypassed ensures
that withdrawal of another control rod does not result in inadvertent
eriticality. Each control rod provides primary reactivity control
for the fuel assemblies in the cell associated with that control rod.

Thus, removal of an entire cell (fuel assemblies plus control rod)
results in a lower reactivity potential of the core. The

requirements for SRM OPERABILITY during these CORE ALTERATIONS assure |
sufficient core monitoring.

BFN 3.10/4.10-12 AMENDMENT NO. 19 4
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1.1 BASES: FUEL CLADDING INTEBGRITY SAFETY LIMIT

The fuel cladding represents one of the physical barriers which
Separate radiocactive materials from environs. The integrity of this
cladding barrier is related to its relative freedom from
perforations or cracking. Although some corroslon or use-related
cracking may occur during the 1ife of the cladding, fission product
migration from this source is incrementally cumulative and
continuously measurable. Fuel cladding perforations, however, can
result from thermal stresses which occur from reactor operation
significan:ly above design conditions and the protection system
setpoints. hile fission product migration from cladding
perforation s just as measurable as that from use-related cracking,
the thermally-caused cladding perforations slgnal a threshold,
beyond which sti)l qreater thermal stresses may cause gross rather
than incremental cladding deterioration. Therefore, the fuel
cladding safety limit is defined in terms of the reactor operating
conditions which can result In cladding perforation.

The fuel cladding integrity limit is set such that no calculated
fuel damage would occur as a result of an abnormal operational
transient. Because fuel damage is not directly observable, the Fuel
Cladding safety Limit is defined with margin to the conditions which
would produce onset transition bolling (MCPR of 1.0). This
establishes a Safety Limit Such that the minimum critical power
ratio (MCPR) 1s no less than 1.07. MCPR > 1.07 represents a
conservative margin relative to the conditions required to maintain
fuel cladding integrity.

Onset of transition boiling results in a decrease in heat transfer
from the clad and, therefore, elevated clad temperature and the
possibility of clad failure. Since boiling transition is not a
directly observable parameter, the margin to boiling transition is
calculated from plant operating parameters such as core power, core
flow, feedwater temperature, and core power distribution. The
margin for each fuel assembly is _characteyized by the critical power
ratio (CPR) which is the ratio -f‘;sj/bu dle power which would

d

produce onset of transition bo Iin Aded by the actual bundle
power. The minimum value of t 5 Tagdo for any bundle in the core
is the minimum critical power ratIo (MCPR). It is assumed that the
plant operation is controlled to the nominal protective setpoints
via the instrumented variables, 1.e., normal plant operation
presented on Pigure 2.1-1 by the nominal expected flow control
line. The safety Limit (MCPR of 1.07) has sufficlent conservatism
tO assure that in the event of an abnormal operational transient
initiated from a normal operating condition (MCPR > limits specified
in Specification 3.5.K) more than 99.9 percent of the fuel rods in
the core are expected to avoid boiling transition. The margin
between MCPR of 1.0 (onset of transition boiling) and the safety

operating state including uncertainty in the boiling transition
correlation as described in Reference 1. The uncertainties employed
in deriving the safety limit are provided at the beginning of each
fuel cycle.

BPN 1.1/2.1-8
Unit 2
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Because the boiling transition correlation is based on 4 large
quantity of full scale data there is a very high confidence that
operation of a fuel assembly at the condition of MCPR = 1.07 would
not produce boiling transition. Thus, although it is not required
to establish the safety limit additional margin exists between the
safety limit and the actual occurrence of loss of cladding integrity.

However, {f boiling transition were to occur, clad perforation would
not be expected. Cladding temperatures would increase to
approximately 1,100 which is below the perforation temperature

of the cladding material. This has been verified by tests in the
General Electric Test Reactor (GETR) where fuel similar in design to
BFNP operated above the critical heat flux for a significant period
of time (30 minutes) without clad perforation.

At pressures below 800 psia, the core elevation pressure drop

(0 power, 0 flow) is greater than 4.56 psi. At low powers and flows
this pressure differential is maintained in the bypass on oﬁ’tﬁt‘*\\
core. Since the pressure drop ‘e bypass reglon /s essent lly )
all elevation head, the core presgure drop at low r lows

will always be greater than 4( pPsi. Analyses s wit

flow of 28x103 1bs/nr bundle . bundle pressure drop 1is nearly
independent of bundle Power and has a value of 3.5 psi. Thus, the
bundle flow with a 4.56 psi driving head wil] be greater than

28x103 Ibs/hr. Pull scale ATLAS test data taken at pressures from

14.7 psia to 800 psia indicate that the fuel assembly critical power

at this flow s approximately 3.35 mwt. With the design peaking
factors this corresponds to a core thermal power of more than 50
percent. Thus, a core thermal power limit of 25 percent for reactor
pressures below 800 pPsia is conservative.

For the fuel in the core during periods when the reactor is shut
down, consideration must also be given to water level requirements
due to the effect of decay heat. If water level should drop below
the top of the fuel during this time, the ability to remove decay
heat 1is reduced. This reduction in cooling capability could lead to
elevated cladding temperatures and clad perforation. As long as the
fuel remains covered with water, sufficient cooling is available to
prevent fuel clad perforation.

BFN 1.1/2.1-9
Unit 2



Z.1 BASES (Cont'd) DEC 0 7 1994

Analyses of the limiting transients show that no scram
adjustment is required to assure MCFR > 1.07 when the transient
is initiated from MCPR limits specified in Specification 3.5.k.

2. APRM Flux Scram Trip Settins (REFUEL or STARTUP/HOT STANDBY MODE) |

For operation in the startup mode while the reactor is at low
pressure, the APRM scram setting of 15 percent of rated power
provides adequate thermal margin between the setpoint and the
safety limit, 25 percent of rated. The margin is adequate to
accommodate anticipated maneuvers associated with power plant
startup. Effects of increasing pressure at zero or low void
content are minor, cold water from sources available during
startup is not much colder than that already in the system,
temperature coefficients are small, and control rod patterns are
constrained to be uniform by operating procedures backed up by
the rod worth linilizer.4:rhu., of all possible sources of ,_]
reactivity input, uniform control rod withdrawal is the most
probable cause of significant power rise. Because the flux
distribution associated with uniform rod withdrawals does not
involve high local peaks, and because several rods must be moved
to change power by a significant percentage of rated power, the
rate of power rise is very slow. Generally, the heat flux is in
near equilibrium with the fission rate. In an assumed uniform
rod withdrawal approach to the scram level, the rate of power
rise is no more than five percent of rated pover per minute, and
the APRM system would be more than adequate to assure a scram
before the pover could exceed the safety limit. The 15 percent
APRM scram remains active until th d in the
RUN position. This switch & when reactor pressure is
greater than 850 peig. Wordh of individual yods 1S

Yevu | owd ina unifoem red. s
v e

The IRM System consists of eight chambeis, four in each of the
reactor protection system logic channels. The IRM is a
five-decade instrument which covers the range of power level
between that covered by the SEM and the APRM. The five decades
are covered by the IRM by means of a range switch and the five
decades are broken down into 10 ranges, each being one-half of a

ecade in size. The IRM scram setting of 1 isions is
act in each range of the IRM. For ex le, Af /the instrument
UJOSuu%c’;n range 1, the scram setting would (be divisions for
range; likewise if the { O:Epnnt wva ange 5, the scram
setting would be 120 ciivhiofifﬂr that range.
\ ) ( /

i
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Thus, as the IRM is ranged up to accommodate the increase in

power Jevel, the scram setting is also ranged up. A scram at

120 divisions on the IRM instruments remaine in effect as long

as the reactor is in the startup mode. In addition, the APRM

15 percent scram prevents higher power operation without being

in the RUN mode. The IRM scram provides protection for changes

which occur both locally and over the entire core. The most

significant sources of reactivity change during the power

increase are due to control rod withdrawal. For insequence

control rod withdrawal, the rate of change of power is slew

enough due to the physical limitation of withdrawing control

rods that heat flux is in equilibrium with the neutron flux. An
/1 r uld result in a reactor shutdown well before any
Lpggé{z/§21¥z 3- exceeded. For the case of a single control rod

rror, a range of rod withdrawal accidents was

analyzed. This analysis included starting the accident at

various power levels. The most severe case involves an initial

condition in which the reactor is just suberiet

system is not yet on scale. This co tion exists at quarter o

~— . rod density. Quarter rod density is i aL:SCt&SSEC’L
(j .4 ) paragraph 7.5.5p0f the FSAR. Additiona en

n this analysis by assuming that the IRM channel closest to the

withdrawn rod is bypassed. The results of this analysis show

that the reactor is scrammed and peak power limited to one

percent of rated power, thus maintaining MCPR above 1.07. Based

on the above analysis, the IRM provides protection against local

control rod withdrawal errors and continuous withdrawal of
control rods in sequence.

4. Eixed High Neutron Fiux Scram Trip

The average power range monitoring (APRM) system, which is
calibrated using heat balance data taken during steady-state
conditions, reads in percent of rated power (3,292 MWt). The
APEM system responds directly to neutrop Licensing
analyses have demonstrated that with
percent of rated power, none of the ab
transients analyzed violate the fugl s pd there is a
substantial margin from fuel damage

B.  APRM Control Rod Block

Reactor power level may be varied by moving control rods or by

varying the recirculation flow rate. The APRM system provides a

control rod block to prevent rod withdrawal beyond a given point at
constant recirculation flow rate and thus prevents scram actuation.

This rod block trip setting, which is automatically varied with
recirculaticn loop flow rate, prevents an increase in the reactor

power level to excess values due to control rod withdrawal. The

flow variable trip setting is selected to provide adequate margin to '
the flow-biased scram setpoint,

BFN 1.172.1-14 TS 357 - TVA Letter to NRC
Unit 2 Dated 05/11/95
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The setpoiat “or the low level scram is above the bottom of the
Separator skirt, This level has been used in transient analyses
dealing with coclant inventory decrease. The results reported in
FSAR Subsection 14.5 show that scram and isolation of all process
lines (except main steam) at this level adequately protects the fuel
and the pressure barrier, because MCPR is greater than 1.07 in all
cases, and system pressure does not reach the safety valve

settings. The scram setting is sufficiently below normal operating
range to avoid spurious scrams.

Turbine Stop Valve Closure Scram

The turbine stop valve closure trip anticipates the pressure,
neutron flux and heat flux increases that would result from closure
of the stop valves. With a trip setting of 10 percent of valve
closure from full open, the resultant increase in heat flux {8 such
that adequate thermal margins are maintained even during the worst
Case transient that assumes the turbine bypass valves remain
closed. (Reference 2)

mmmmwumm

Turbine control valve fast closure or turbine trip scram anticipates
the pressure, neutron flux, and heat flux increase that could result
from control valve fast closure due to load rejection or control
valve closure due to turbine trip; each without bypass valve
capability, The reactor protection system initiates a scram in less
than 30 milliseconds after the start of control valve fast closure
due to load rejection or control valve closure due to turbine trip.
This scram is achieved by rapidly reducing hydraulic control oil
pressure at the main turbine control valve actuator disc dump
valves. This loss of Pressure is sensed by pressure switches whose
contacts form the one-out-of-two-twice logic input to the reactor
protection system. This trip setting, a nominally 50 percent

of the turbine stop valve, combine to produce transients very
similar to that for the 8top valve. No significant change in MCPR
occurs. Relevant transient analyses are discussed in References 2
and 3 of the Final Safety Analysis Report. This scram is bypassed
when turbine steam flow is below 30 percent of rated, as measured by
turbine first state pressure,

1.172.1-18 TS 357 = TVA Letter to NRC

Unit 2 Dated 05/11/95
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F. (Deleted) my 2 o m

3. & H. Main Steam line [solation on Low Pressure and Main Steam Line
[solation Scram

The low pressure isolation of the main steam lines at 825 psig was
provided to protect against rapid reactor depressurization and the

resulting rapid cool vessel. The scram feature that
(E;l;;;;]i;g;L_occurs when the maig(steafline i olation valves close shuts down the

reactor so that high r o ion at low reactor pressure does

ur; thus providing protection for the fuel cladding integrity
s /iﬂyf?. -Operation of the reactor at pressures lower than 825§
€s that the reactor mode switch be in the STARTL
ition, where protection of the fuel cladding integrit@
( )Jbﬂi;il provided by the I[RM apd-ARE jigh neutron flux scrame:

» the combination of main Ow pressure isolation and
isolation valve closure scram assures thé avai ty of neutron
flux scram protection o =% 2 range of applicability of the
fuel cladding integrit W In addition, the isolation
valve closure scram ant rate 1€ pressure and flux transients

that occur during normal or inadvertent isolation valve closure.,
With the scrams set at 10 percent of valve closure, neutron flux
does not increase.

kqm h’\ﬁ

[.J.& K. Reactor Low Water Level Setpoint for Initiation of HPCI and RCIC
Closing Main Steam Isolation Valves, and Starting LPCI and Core

Spray Pumga 5

These systems maintain adequate coolant inventory and provide core
cooling with the objective of preventing excessive clad
temperatures. The design of these systems to adequately perform the
intended function is based on the specified low level scram setpoint
and initiation setpoints. Transient analyses reported in Section 14
of the FSAR demonstrate that these conditions result in adequate
safety margins for both the fuel and the system pressure,

) 305 References

L. Supplemental Reload Licensing Report of Browns Ferry Nuclear
Plant, Unit 2 (applicable cycle-specific document).

2. GE Standard Application for Reactor Fuel, NEDE-24011-P-A and
NEDE-24011-P-A-US (latest approved version),

ke 1.1/2.1-16 AMENDMENT Ro. 214
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£ Spondingly, the design pressuré%(l.lr suction 4
r discharge) of the reactor recircu on system pipi

BFN

BASES

R SYST RITY —

The safety limits for the feactor coolant system pressure have been
selected such that they are below pressures at which it can be shown that
the integrity of the system is not endangered. However, the pressure
safety limits are not high enough such that no foreseeable circumstances
€an cause the system pressure to rise over these limits. The pressure
safety limits are arbitrarily selected to be the lowest transient
overpressures allowed by the applicable codes, ASME Boller and Pressure
Vessel Code, Section III, and usas Plping Code, Section B31.1.

The design pressure (1,250 psig) of the reactor vessel 1s established
such that, when the 10 percent allowance (125 psi) allowed by the ASME
Boller and Pressure Vessel Code Section III for pressure transients |s
added to the design pressure, a transient pressure limit of 1,375 psiq is
established.

Dt when the 20 percent allowance (230 and 265 psi) allowe
Piping Code, Section B3l.1 for pressure transients is added to the design
pressures, transient pressure Iimits of 1,378 and 1,591 psig are
established. Thus. the Pressure safety limit applicable to power
operation is est: ..shed at 1,375 psig (the lowest transient overpressure
allowed by the Pectinent codes), ASME Boller and Pressure Vessel Code,
Section III, and USAS Piping Code, section B31.1.

The current cycle's safety analysis concerning the most severe abnormal
operational transient resulting directly in a reactor coolant system
pressure increase is given in the reload licensing submittal for the
current cycle. The reactor vessel pressure code limit of 1,375 psig
given in subsection 4.2 of the safety analysis report is well above the
peak pressure produced by the overpressure transient described above,
Thus, the pressure safety limit applicable to power operation is well
above the peak pressure that can result due to reasonably expected
overpressure translents.

Higher design pressures have been established for piping within the
reactor coolant system than for the reactor vessel. These increased
design pressures create a consistent design which assures that, if the
pressure within the reactor vessel does not exceed 1,375 psig, the
Pressures within the Piping cannot exceed their respective transient
pressure limits due to static and pump heads.

The safety limit of 1,375 pslg actually applies to any point in the

reactor vessel; however, because of the static water head, the highest
pressure point will occur at the bottom of the vessel. Because the

1.272.2-2

Unit 2



1.2 BASES (Cont'd)

BFN

pressure 1s not monitored at thils point, it cannot be directly determined
If this safety limit has been violated. Also, because of the potentially
varying head level and flow pressure drops, an equivalent pressure cannot
be a priori determined for a pressure monitor higher in the vessel.
Therefore, following any transient that is severe enough to cause concern
that this safety limit was violated, a calculation will be performed
using all available information to determine 1f the safety limit was
violated.

.
REFERENCES
X -

1. Plant safety Analysis (BFNP FSAR Sect

2. ASME Boiler and Pressure Vessel Code Section
3. USAS Piping code, Sectlion B31.1

4. Reactor Vessel_gnd_Appu:LanancgsJ!acnanlcal_DQELSQ\(B'N’ FSAR

_—Subsection 4.2)

g J \
5 Generic. Reload Fuel IXVFP\"C‘-\%UN: L‘“C"‘S'Nj )
Tgp.'CQ\ Repor+, NEDE -240]|-P-A and /
Aodenda .

\
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Thélf%,éto(?é}ltectioélé&t&em automatically initiates a reactor scram to:

ds Preserve the integrity of the fuel cladding.
2a Preserve the integrity of the reactor coolant system.,

3, Minimize the energy which must be absorbed following a loss of
coolant accident, and prevents criticality,

necessary to preserve the ability of the system to tolerate sing
failures and still perform its intended function even during periods when

instrument channels may be out o because of maintenance. When
necessary, one channel may be nuz:;éigggéiggfzzpr brief intervals to
conduct required functional tests ons,

The reactor protection trip system is supplied, via a separate bus, by
its own high inertia, ac motor-generator set. Alternate power is
available to either Reactor Protection System bus from an electrical bus
that can receive standby electrical power. The RPS monitoring system
provides an isolation between nonclass 1E power supply and the class

1E RiS bus. This will ensure that failure of a nonclass 1E reactor

protection power supply will not cause adverse interaction to the
class 1E Reactor Protection System,

—— o

T{e,taqu r,ﬁ?ot tiqéEi%;%;& is made up of two independent trip systems
( “to n 7.25 ). There are usually four channels provided
to monitor each critical parameter, with two channels in each trip
system. The outputs of the channels in a trip system are combined in a
logic such that either channel trip will trip that trip system. The

simultaneous tripping of both trip systems will produce a reactor scram,

This system meets the intent of IEEE-279 for Nuclear Power Plant
Protection Systems. The system has a reliability greater than that of a
2-out-of-3 system and somewhat less than that of a l-out-of-2 system.

With the exception of the Average Power Range Monitor (APRM) channels,
the Intermediate Range Monitor (IRM) channels, the Main Steam Isolation
Valve closure and the Turbine Stop Valve closure, each trip system logic
has cne instrument channel. When the minimum condition for operation on
the number of OPERABLE instrument channels per untripped protection trip
system is met or if it cannot be met and the effected protection trip
syatem is placed in a tripped condition, the effectiveness of the
protection system {y preserved; {.e., the system can tolerate a single
failure and still perform its intended function of scramming the
reactor. Three APRM instrument channels are provided for each protection
trip systenm,

3.1/4.1-14
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Each protection trip system has one more APRM than is necessary to meet
the minimum number raquired per channel. This allows the bypassing of
one APRM per protection trip system for maintenance, testing or
calibration. Additional IRM channels have also been provided to allow
for bypassing of one such channel. The bases for the scram setting for
the IRM, APRM, high reactor pressure, re oW weater level, MSIV
closure, turbine control valve fast clo(f???ii% turbine stop valve
closure are discussed in Specifications\ 2.1 2.3,

Instrumentation (pressure switches) for the drywell are provided to

detect a loss of coolant accident and initiate the core standby cooling
equipment. A high drywell pressure scram is provided at the same setting
as the core cooling systems (CSCS) initiation to minimize the energy

which must be accommodated during a loss of coolant accident and to
prevent return to criticality. This instrumentation is a backup to the
reactor vessel water level instrumentation. +

A reactor mode switch is provided which actuates or bypasses the various
scram functions appropriate to the particular plant operating status.
Reference Section 7.2.3.7 FSAR.

The manual scram function is active in &1l modes, thus providing for a
manual means of rapidly inserting control rods during all modes of
reactor operation.

The IRM system (120/125 scram) in conjunction with the APRM system
(15 percent scram) provides protection against excessive power levels and
short reactor periods in the startup and intermediate power ranges.

The centrol rod drive scram system is designed so that all of the water
which is discharged from the reactor by a scram can be sccommodated in
the discharge piping. The discharge volume tank accommodates in excess
of 50 gallons of water and is the low peint in the piping. No credit was
taken for this volume in the design of the discharge piping as concerns
the amount of water which must be accommodated during a scram. During
normal operation the discharge volume is empty; however, should it fill
with water, the water discharged to the piping from the reactor could not

BFN 3.1/4.1-15 AMENOMENT NO. 20 7
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The minimum functional testing frequency used in this specification is
based on a reliability analysis using the concepts developed in reference
(1). This concept was specifically adapted to the one-out-of~two taken
twice logic of the reactor protection system. The analysis shows that the
sensors are primarily responsible for the reliability of the reector
protection system. This analysis makes use of vunsafe failure" rate
experience at conventional and nuclear power plants in a reliability model
for the system. An vunsafe failure" is defined as one which negates
channel operability and which, due to its nature, is revealed only when
the channel is functionally tested or attempts to respond to a real
signal. Failure such as blown fuses, ruptured bourdon tubes, faulted
amplifiers, faulted cables, etc., which result in "upscale" or "downscale"
readings on the reactor {nstrumentation are "safe" and will be easily
recognized by the operators during operation because they a~e revealed by
an alarm or a scram.

The channels listed in Tables 4.1.A and 4.1.B are divided into three
groups for functional testing. These are:

A. On-Off sensors that previde a acram trip function.

B, Analog devices coupled with bistable trips that provide a scram
function.

¢. Deviceg which only serve a useful function during some restricted
mode of operation, such as STARTUP, or for which the {
only practical test i{s one that can be performed at SHUTDOWN .

The sensors that make up group (A) are specifically gelected from among
family of industrial on-off sensors that have earned an
excellent neputation for reliable operation. During design, a goal of
0.999979:0 ability of success (at the 50 percent confidence level) was

o assure that a balanced and adequate design is achieved. The
probability of success is primarily a function of the sensor failure rate
and the test interval. A three-month test interval was planned for group
(A) sensors. This is in keeping with good operating practices, and
satisfies the design goal for the logic configuration utilized in the
Reactor Protection System.

The once per six-month functional test frequency for the scram pilot air
header low pressure trip function is acceptable due to:

y The functional reliability previously demonstrated by these switches
on Unit 2 during Cycles 6 and 7,

2. The need for minimizing the radiation exposure associated with the
functional testing of these switches, and

- The increased risk to plant availability while the plant is in a
half-scram condition during the performance of the functional testing
versus the limited increase {n reliability that would be obtained by
more frequent functional testing.

3,1/4.1-17 AMENDMENT NO. 24 2
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Experience with passive type instruments_in generating stations and
substations indicates that the specified calibrations are adequate. For
those dev ch employ amp , ete,, drift specifications call for

drift be less ¢t 0.4 perfent/month; i.e., in the period of a month a

drift/o )N’be’tbnt ould occyr gﬁd’t s providing for adequate margin.
0.4~ pereent

For ¢t tem drift of e onic apparatus is not the only

consideration in determining a calibration frequency. Change in power
distribution and loss of chamber sensitivity dictate a calibration every
seven days. Calibration on this frequency assures plant operation at or
below thermal limits.

A comparison of Tables 4.1.A and 4.1.B indicates that two instrument
channels have been included in the latter table. These are: mode switch
in SHUTDOWN and manual scram. All of the devices or sensors agsociated
with these scram functions are simple on-off switches and, hence,
calibration during operation is not applicable, i.e., the switch is either
on or off.

The sensitivity of LPRM detectors decreases with exposure to neutron flux
at a slow and approximately constant rate, The APRM system, which uses
the LPRM readings to detect a change in thermal power, will be calibrated
every seven days using a heat balance to compensate for this change in
sensitivity. The RBM system uses the LPRM reading to detect a localized
change in thermal power. It applies a correction factor based on the APRM
output signal to determine the percent thermal power and therefore any
change in LPRM gsensitivity is compensated for by the APRM calibration.
The technical specification limits of CMFLPD, CPR, and APLHGR are
determined by the use of the process computer or other backup methods.
These methods use LPRM readings and TIP data to determine the power
distribution.

Compensation in the process computer for changes {n LPRM sensitivity will
be made by performing a full core TIP traverse toO update the computer
calculated LPRM correction factors every 1000 effective full power hours.

As a minimum the individual LPRM meter readings will be adjusted at the
beginning of each operating cycle before reaching 100 percent power.

BEN & 050 bt AMENDMENT NO. 2 4 2
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vhich are
» OF terminates operator errors
-onsequences. This set of specifications

' operation for the primary system
isolation function, initiation of the core cooling Systems, control rod
block and Standby gas treatment Systems. The objectives of the
Specifications are (i) to assure the effectiveness of the protective
instrumentation when required by preserving its capability to tolerate a
single failure of any component of such Systems even during periods when
portions of such Systems are out of service for maintenance, and (11) to
prescribe the trip settings required to assure adequate performance.
When necessary, one channel may be made inoperable for brief intervals to
conduct required functional tests and calibrations.

Some of the settings on the instrumentation that initiate or control core
and containment cooling have tolerances explicitly stated where the high
and low values are both critical and may have a substantial effect on
safety. The setpoints of other 1nstrumentation, where only the high or
low end of the setting has a direct bearing on safety, are chosen at a
level away from the normal operating range to prevent inadvertent
actuation of the safety system involved and exposure to abnormsal
situations,

Actuation of Primary containment valves is initiated by protective
ign~nhnunnlg_ngle 3.2.A which senses the conditions for

ation ia re ired. Suen umentation must be available
primaty §Onex nffént {feegy i§ required,
R / / / / / / / e =

wheneve

The instrumentation vhich Tnitiates ;}1nnry system isolation is connected
in & dual bus arrangement,

8et to trip at 538 inches above
in the RHR System, Drywell and
exhausts and drains and Reactor Water Cleanup Lines
(Groups 2 and 3 isolation valves). The low reactor water level
instrumentation that vhen reactor water level is 470
inches above vessel zero (Table 3.2.B) trips the recirculation pumps and
initiates the RCIC and HPCI systems.

The low water level instrumentation get to trip at ) 398 inches above
vessel zero (Table 3.2.A) closes the Main Steam

eam Line Drain Valves, and the Reactor Wa
(Group 1), These trip settings are adequate to prevent core uncovery in
the case of a break in the largest line assuming the maximum closing time.

The low reactor wvater level instrumentation that is set to trip when
reactor water level is 2 398 inches above vessel zero (Table 3.2.B)

AMENDMENT No, 2 0 4
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In the event of a loss of the reactor building ventilation system, radiant
heating in the vicinity of the main steam lines raises the ambient
temperature above 200°F. The temperature increases can cause an
unnecessary main steam line isolation and reactor scram. Permission is
provided to bypass the temperature trip for four hours to avoid an
unnecessary plant transient and allow performance of the secondary
containment leak rate test or make repairs necessary to regain normal
ventilation,

Pressure instrumentation is provided to close the main steam isolation
valves in RUN Mode when the main steam line pressure drops below 825 psig.

The HPCI high flow and temperature instrumentation are provided to detect
a break in the HPCI steam piping. Tripping of this instrumentation
results in actuation of HPCI isolation valves. Tripping logic for the
high flow is a l-out-of-2 logic, and all sensors are required to be
OPERABLE.

High temperature in the vicinity of the HPCI equipment ig sensed by

four sets of four bimetallic temperature switches. The A6 temperature
switches are arranged in two trip systems with eight tegfperature switches
in each trip system. Each trip system consists of t¢o merits,’ Each
channel contains one temperature switch located in the BPump" oom and three
temperature switches located in the torus area. The RCIC high flow and
high area temperature sensing instrument channels are arranged in the same
manner as the HPCI system.

The HPCI high steam flow trip setting of 90 psid and the RCIC high steam
flow trip setting of 450" Hy0 have been selected such that the trip
setting is high enough to prevent spurious tripping during pump startup
but low enough to prevent core uncovery and maintain fission product
releases within 10 CFR 100 limits,

The HPCI and RCIC steam line Space temperature switch trip settings are
high enough to prevent spurious isclation due to normal temperature
excursions in the vicinity of the steam supply piping. Additionally,
these trip settings ensure that the primary containment isolation steam
supply valves i{solate a break within an acceptable time period to prevent
core uncovery and maintain fission product releases within 10 CFR 100
limits,

High temperature at the Reactor Water Cleanup (RWCU) System in the main
Steam valve vault, RWCU pump room 2A, RWCU pump room 2B, RWCU heat
exchanger room or in the Space near the pipe trench containing RWCU piping
could indicate a break ip tue cleanup system. When high temperature
occurs, the cleanup system is isolated,

3.2/4.2-67 [ TS 348 - TVA Letter to NRC

Unit 2 Dated 02/23/95
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2 The control rod housing suppo ¥ tricts the outward movement
of a control rod to less th w in the extremely remote
event of a housing failure., ‘3% ount of reactivity which
could be added by this small amount of rod withdrawal, which is
less than a normal single withdrawal increment, will not
contribute to any damage to the primary coolant system. The
design basis is given in subsection 3.5.2 of the FSAR and the
safety evaluation is given in subsection 3.5.4. This support
is not required if the reactor coolant system is at atmospheric
pressure since there would then be no driving force to rapidly
eject a drive housing. Additionally, the support is not
required if all control rods are fully inserted and if an
adequate shutdown margin with one control rod withdrawn has
been demonstrated, since the reactor would remain subcritical
even in the event of complete ejection of the strongest control
rod.

3. The Rod Worth Minimizer (RWM) restricts withdrawals and ﬁ
insertions of control rods to prespecified sequences. All
patterns associated with these sequences have the
characteristic that, assuming the worst single deviation from
the sequence, the drop of any control rod from the fully
inserted position to the position of the control rod drive
would not cause the reactor to sustain a power excursion
resuiting in any pellet average enthalpy in excess of 280
calories per gram. An enthalpy of 280 calories per gram is
well below the level at which rapid fuel dispersal could occur
(i.e., 425 calories per gram). Primary system damage in this
accident is not possible unless a significant amount of fuel is
rapidly dispersed. Reference Sections 3.6.6, 7.16.5.3, and ﬁ
14.6.2 of the FSAR, and NEDE-24011-P~A, Amendment 17. |

In performing the function described above, the RWM is not 4
required to impose any restrictions at core power levels in
excess of 10 percent of rated. Material in the cited reference |
shows that it is impossible to reach 280 calories per gram in
the eveat of a control rod drop occurring at power greater than
10 percent, regardless of the rod pattern. This is true for

all normal and abnormal patterns including those which maximize
individual control rod worth.

BFN 3.3/4.3-15 AMENDMENT NO. 2 12
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ontrol rod system ig desi
m\/—@u fast enough to
Noscsneniss om becoming less than 1

BFN

5. The Rod Block Monitor (RBM) is designed to automatically prevent
fuel damage in the event of erroneous rod withdrawal from
locations of high power density during high power level
operation. Two RBM channels are provided, and one of these may
be bypassed from the console for maintenance and/or testing,
Automatic rod withdrawal blocks from one of the channels will
block erroneous rod withdrawal soon enough to prevent fuel
damage. The specified restrictions with one channel out of
service conservatively assure that fuel damage will not occur
due to rod withdrawal errors when this condition exists.

Sst.ln.lnumm_nm(:‘h&\
e
t Tuel d

ing the reactor suberftical at
ge; i.e., to pr he MCPR

e limiting power transien given in

tide transientshows that the negative

the scram with the average response of

as given in the above apccificntiozfsfovide the required

S- - g \.

MCPR remains greater than 1.07.

On an early BWR, some degradation of contrel rod scram performance
occurred during plant STARTUP and wvas determined to be caused by
particulate material (probably construction debris) plugging an internal
control rod drive filter. The design of the present control rod drive
(Model 7RDB144B) is grossly improved by the relocation of the filter to a
location out of the scram drive path; i.e., it can no longer interfere
with scram performance, even if completely blocked.

The degraded performance of the original drive (CRD7RDB144A) under dirty
operating conditions and the ingsensitivity of the redesigned drive
(CRD7RDB144B) has been demonstrated by a series of engineering tests
under simulated reactor operating conditions. The successful performance
of the new drive under actual operating conditions has also been
demonstrated by consistently good in-service test results for plants
using the new drive and may be inferred from plants using the older model

3.3/4,3-17 AMENOMENT NO. 2 17
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drive with a modified (larger screen size) internal filter which is less
prone to plugging. Data has been documented by surveillance reports in
various ating plants. These include Oyster Creek, Monticello,
Dresdc( 2, Dresden 3. Approximately 5000 drive tests have been
recorde date,

Following identification of the "plugged filter" problem, very frequent
SCram tests were necessary to ensure pProper performance. However, the
more frequent scram tests are now considered totally unnecessary and
unwise for the following reasons:

i Erratic scram performance has been identified as due to an
obstructed drive filter in type "A" drives. The drives in BFNP are
of the new "B" type design whose scram performance is unaffected by
filter condition.

& The dirt load is primarily released during STARTUP of the reactor
when the reactor and its Systems are first subjected to flows and
pPressure and thermal stresses. Special attention and measures are
now being taken to assure cleaner systems. Reactors with drives
identical or similar (shorter stroke, smaller piston areas) have
operated through many refueling cycles with no sudden or erratic
changes in scram performance. This preoperational and STARTUP
testing is sufficient to detect anomalous drive performance.

3. The 72-hour outage limit which initiated the start of the frequent
Scram testing is arbitrary, having no logical basis other than
quantifying a "major outage"” which might reascnably be caused by an
event sc severe as to possibly affect drive performance, This
requirement is unwise because it provides an incentive for shortcut
actions to hasten returning “"on line" to avoid the additional
testing due a 72-hour outage,

BFN 3,.3/4,3-18 AMENOMENTND. 1 29
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During each fuel cycle excess Operative reactivity varies as fuel
depletes and as any burnable poison in supplementary control is
burned. The magnitude of this excess reactivity may be inferred
from the critical rod configuration. As fuel burnup progresses,
anomalous behavior in the excess reactivity may be detected by
comparison of the critical rod pattern at selected base states to
the predicted rod inventory at that state. Power operating base
conditions provide the most sensitive and directly interpretable
data relative to core reactivity. Furthermore, using power operating
base conditions permits frequent reactivity comparisons.

Requiring a reactivity comparison at the specified frequency assures
that a comparison will be made before the core reactivity change
exceeds 1 percent AK, Deviaticns in core reactivity greater than

1 percent AK are not expected and require thorough evaluation. One

percent reactivity,into the core would not lead to transients
exceeding design co ons of the reactor system, :G:
Limid 1S Cons(dcrcd sa

E. No BASES provided for this specification < |nce an inserhon of W )
o~

. Scram Discharge Volume

The nominal stroke time for the scram discharge volume vent and
drain valves is ¢ 30 seconds following a scram. The purpose of
these valves is to limit the quantity of reactor water discharged
after a scram and no direct safety function is performed. The
survelillance for the valves assures that system drainage is aot
impeded by a valve which fails to open and that the valves are
OPERABLE and capable of closing upon a scram.

References

Generic Reload Fuel Application,
Licensing Topical Report, NEDE-24011-P-A and Addenda.

BFN 3.3/4.3-20 AMENDMENT ND. 12 G
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3.5.A. mmwmmummwwm

Analyses presented in the FSAR* and analyses presented {n conformance
with 10 CFR 50, Appendix K, demonstrated that the core spray system in
conjunction with two LPCI pumps provid-s adequate cooling to the core to
dissipate the eénergy associated with the loss-of-coolant accident and to
limit fuel clad temperature tc below 2,200°F which assures that core
geometry remains intact and to imit the core average clad metal-water

. reaction to less than 1 p Core spray distribution has been shown
n stems similipwt» désign to BFNP to exceed the minimum
requirements. In a on, cooling effectiveness has been demonstrated

At less than half the rated flow in simulated fuel 48 “mblies with heater
rods to duplicate the decay heat characteristics of irradiated fuel.

The RHRS (LPCI mode) is designed to provide emergency cooling to the core
by flooding in the event of a loss-of-coolant accident. This system is
completely independent of the Core spray system; however, it does
function in combination with the core spray system to prevent excessive
fuel clad temperature. The LPCI mode of the RHRS and the core spray
system provide adequate cooling for break areas of approximately 0.2
Square feet up to and including the double-ended recirculation line break
vithout assistance from the high-pressure emergency core cooling
subsystems.

The intent of the CSS and RHRS specifications is to not allow startup
from the cold condition without all associated equipment being OPERABLE.
However, during operation, certain components may be out of service for
the specified allowable repair times. The allowable repair times have
been selected using engineering Judgment based on experiences and
supported by availability analysis.

Should one core spray loop become inoperable, the remaining core spray
loop, the RHR System, and the diesel generators are required to be
OPERABLE should the need for core cooling arise. These provide extensive
margin over the OPERABLE equipment needed for adequate core cooling.

With due regard for this margin, the allowable repair time of seven days
was chosen,

Should one RHR pump (LPCI mode) become inoperable, three RHR pumps

(LPCI mode) and the core Spray system are available. Since adequate core
cooling is assured with this complement of ECCS, a seven day repair
period is justified.

Should two RHR pumps (LPCI mode) become inoperable, there remains no
reserve (redundant) capacity within the RHRS (LPCI mode), Therefore, the
affected unit shall be placed in cold shutdown within 24 hours.

*A detailed functional analysis is given in Section 6 of the BFNP FSAR.

Unit 2 AMENDMENT NO. 16 9
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With the RCICS inoperable, a éoven-dly period to return the system to
service is justified based on the availability of the HPCIS to cool

the core and upon consideration that the average risk associated with
failure of the RCICS to cool the core when requi.vu is nor increased.

The surveillance requirements, which are based on industry codes and
standards, provide adequate assurance that the RCICS will be OPERABLE
when required.

Automatic Depressurization System (ADS)

The ADS consists of six of the thirteen relief valves. It is designed
to provide depressurization of the reactor coolant system during a
small break loss of coolant accident (LOCA) if HPCI fails or is unable
to maintain the required water level in the reactor vessel. ADS
operation reduces the reactor vessel pressure to within the operating
pressure range of the low pressure emergency core cooling systems
(core spray and LPCI) so that they can operate to protect the fuel
barrier. Specification 3.5.C applies only to the automatic feature of
the pressure relief system.

Specification 3.6.D specifies the requirements for the pressure relief
function of the valves. It is possible for any number of the valves
assigned to the ADS to be incapable of performing their ADS functions
because of instrumentation failures, yet be fully capabie of
performing their pressure reiief function.

The emergency core cooling system LOCA ana yse 55:91 line breaks
assumed that four of the six ADS valves we e. By requiring
six valves to be OPERABLE, additional conse 18 provided to
account for the possibility of a single failure in the ADS system.

Reactor operation with one of the six ADS valves inoperable is allowed
to continue for fourteen days provided the HPCI, core spray, and LPCI
systems are OPERABLE. Operation with more than one ADS valve
inoperable is not acceptable.

With one ADS valve known to be incapable of automatic operation, five
valves remain OPERABLE to perform the ADS function. This condition is
within the analyses for a smsll break LOCA and the peak clad
temperature is well below the 10 CFR 50.46 limit. Analysis has shown
that four valves are capable of depressurizing the reactor rapidly
enough to maintain peak clad temperature within acceptable limits.

Maintenance of Filled Discharge Pipe

[f the discharge piping of the core spray, LPCI, HPCIS, and RCICS are
not filled, a water hammer can develop in this piping when the pump
and/or pumps are started. To minimize damage to the discharge piping
and to ensure added margin in the operaticn of these systems, this
Technical Specification requires the discharge lines to be fillea

3.5/4.5-30 | AMENOMENT NO. 24 0
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The LHGR shall be checked daily during reactor operation at

2 25 percent power to determine if fuel burnup, or control rod
movement has caused changes in power distribution. For LHGR to be a
limiting value below 25 percent of rated thermal power, the largest
total peaking would have to be greater than approximately 9.7 which
is precluded by a considerable margin wvhen employing any permissible
control rod pattern,

Hinimum Critical Power Ratio (MCPR)

At core thermal power levels less than or equal to 25 percent, the
reactor will be operating at minimum recirculation pump speed and the
moderator void content will be very small. For all designated
control rod patterns which may be employed at this point, operating
plant experience -1d thermal hydraulic analysis indicated that the
resulting MCPR value is in excess of requirements by a considerable
margin. With th's low void content, any inadvertent core flow
increase would only place operation in a more conservative mode
relacive to MCPR. The daily requirement for calculating MCPR above
25 percent rated thermal power is sufficient since power distribution
shifts are very slow when there have not been significant power or
control rod changes. The requirement for calculating MCPR when a
limiting control rod pattern is approached ensures that MCPR will be
known following a change in power or power shape (regardless of
magnitude) that could place operation at a thermal limit,

APRM Setpoints

Operation is constrained to the LHGR limit of Specification 3.5.J.
This limit i{s rzached when core waximum fraction of limiting power
density (CMFLPD) equals 1.0. For the case where CMFLPD exceeds the
fraction of rated thermal power, operation is permitted only at less
than 100-percent rated power and only with APRM scram settings as
required by Specification 3.5.L.1. The scram trip setting and rod
block trip setting are adjusted to ensure that no combination of
CMFLPD and FRP will increase the LHGR transient peak beyond that

allowed by the l-percent plastic strain limit. A;giﬁour time period
to achieve this condition is Justified sincé the itional margin
n

gained by the setdown adjustment is above bey?nd that ensured by
the safety analysis. \\;fﬁf////)/ﬁ
Core Thermal-Hydraulic Stabilicy ke

The minimum margin to the onset of thermal-hydraulic instability
occurs in Region I of Figure 3.5.M-1. A manually initiated scram
upon entry into thie region is sufficient to preclude core
oscillaticns which could challenge the MCPR safety limit.

Because the robabii\ty of thermal-hydraulic oscillations is lower
in g? the MCPR safety limit is greater in Region II than

Bure 3.5.M-1, an immediate scram upon entry into the
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five gpm, as specified in 3.6.C, the experimental and analytical data
Suggest a reasonable margin of safety that such leakage magnitude would
not result from a crack approaching the critical size for rapid
propagation. Leakage less than the magnitude specified can be detected
reasonably in a matter of a few hours utilizing the available leakage
detection schemes, and if the origin cannot be determined in a
reasonably short time, the unit should be shut down to allow further
inv, ation and corrective action.

limit for coolant leakage rate increases over any 24-hour
pe is a limit specified by the NRC (Reference 2). This limit
applies only during the RUN mode to avoid being penalized for the
expected coolant leakage increase during pressurization.

The total leakage rate consists of all leakage, identified and
unidentified, which flows to the drywell floor drain and equipment drain
sumps.

The capacity of the drywell floor sump pump is 50 gpm and the capacity
of the drywell equipment sump pump is also 50 gpm. Removal of 25 gpm
from either of these sumps can be accomplished with considerable margin.

REFERENCE

1. Nuclear System Leakage Rate Limits (BFNP FSAR Subsection 4,.10)
2. Safety Evaluation Report (SER) on IE Bulletin 82-03

3.6.D/4.6.D Relief Valves

Unit 2

To meet the safety basis, 13 relief vaives have been installed on the
unit with a total capacity of 84,1 percent of nuclear boiler rated steam
flow., The analysis of the worst overpressure transient, (3-second
closure of all main steam line isolation valves) neglecting the direct
scram (valve position scram) results in a maximum vessel pressure which,
{f a neutron flux scram is assumed considering 12 valves OPERABLE,
results in adequate margin to the code allowable overpressure limit of
1,375 psig.

To meet operational design, the analysis of the plant isolation
transient (generator load reject with bypass valve failure to open)
shows that 12 of the 13 relief valves limit peak system pressure to a
value which i{s well below the alloved vessel overpressure of 1,375 psig.

Experience in relief valve operation shows that a testing of 50 percent
of the valves per year is adequate to detect failures or
deteriorations. The relief valves are benchtested every second
operating cycle to ensure that their setpoints are within the + 1
percent tolerance., The relief valves are tested in place in accordance
with Specification 1.0.MM to establish that they will open and pass
steam.

AMENDMENT H0. 1 7 0
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The requirements established above apply when the nuclear system can be
pressurized above ambient conditions. These requirements are applicable
at nuclear system pressures below normal operating pressures because
abnormal operational transients could possibly start at these conditions
such that eventual overpressure relief would be needed. However, these
transients are much less severe, in terms of pressure, than those
starting at rated conditiona. The valves need not be functional when the
vessel head {s removed, since the nuclear system cannot be pressurized,

The relief valves are not required to be OPERABLE in the COLD SHUTDOWN
CONDITION. Overpressure protection i{s provided during hydrostatic tests
by two of the relief valves whose relief setting has been established in
conformance with ASME Section XI code requirements. The capacity of one
relief valve asxceeds the charging capacity of the pressurization source
used during hydrostatic testing. Two relief valves are used to provide
redundancy.

REFERENCES
1. Nuclear System Pressure Relief System (BFNP FSAR Subsection 4.4) ,ﬁqki
/'_\~ \(d

_ Amendment 22 in response to AEC Question 4.2 of December 6, 197f7\

————

%lﬁ' "Protection Against Overpressure” (ASME Boiler and Pressure Vessel

Code, Section III, Article 9)
(:%;; Browns Ferry Nuclear Plant Design Deficiency Report--Target Rock
Safety-Relief Valves, transmitted by J. E. Gilleland to F. E. Kruesi,

- August 29, 1973

4 \
Jr// Generic Reload Fuel Application, Licensing Topical Report,
NEDE-24011-P-A and Addenda

3.6.E/4.6.E Jet Pumps

Failure of a jet pump nozzle assembly holddown mechanism, nozzle assembly
and/or riser, would increase the cross-sectional flow area for blowdown
following the design basis double-ended line break. Also, failure of the
diffuser would eliminate the capability to reflood the core to two-thirds
height level following a recirculation line break. Therefore, if a
failure occurred, repairs must be made.

The detection technique ig as follows. With the two recirculation pumps
balanced in speed to within + 5 percent, the flow rates in both
recirculation loops will be verified by control room monitoring
instruments. If the two flow rate values do not differ by more than

10 percent, riser and nozzle assembly integrity has been verified.

o 3.6/4.,6~31 AMENOMENT NO. 190
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If they de differ by 10 percent or more, the core flow rate measured by
the jet pump diffuser differential pressure system must be checked
against the core flow rate derived from the measured values of loop flow
te core flow correlation., If the difference between measured and derived
core flow rate is 10 percent or more (with the derived value higher)
diffuser measurements will be taken to define the location within the
vessel of failed jet pump nozzle (or riser) and the unit shut down for
repairs. If the potential blowdown flow area is increased, the system
resistance to the recirculation pump is also reduced; hence, the affected
drive pump will, “run out” to a substantially higher flow rate
(approximately 115 percent to 120 percent for a single nozzle failure),
If the two loops are balanced in flow at the same pump speed, the
resistance characteristics cannot have changed. Any imbalance between
drive loop flow rates would be indicated by the plant process
instrumentation. In addition, the affected jet pump would provide a
leakage path past the core thus reducing the core flow rate. The reverse
flow through the inactive Jet pump would still be indicated ty a positive
differential pressure but the net effect would be a slight decrcase

(3 percent to 6 percent) in the total core flow measured. This decrease,
together with the loop flow increase, would result in a lack of
correlation between measured and derived core flow rate. Finally, the
affected jet pump diffuser differential pressure signal would be reduced
because the backflow would be less than the normal forward flow.

A nozzle-riser system failure could also generate the coincident fajilure
of a jet pump diffuser body; however, the converse is not true. The lack
of any substantial stress in the Jet pump diffuser body makes failure
impossible without an initial nozzle-riser system failure.

3.6.F/4.,6.F Recirculation Pump Operation

Operation without forced recirculation is permitted for up to 12 hours
when the reactor is not in the RUN mode. And the start of a
recirculation pump from the natural circulation condition will not be
permitted unless the temperature difference between the loop to be
started and the core coolant temperature is less than 75°F. This reduces
the positive reactivity insertion to an acceptably low value.

Requiring at least one recirculation pump to He iﬁz}iﬂi% wkile in the RUN
mode (i.e., requiring a manual scram if both résirculatitn pumps are
tripped) provides protection against the potential occurrence of core
thermal-hydraulic instabilities at low flow conditi i

Requiring the discharge valve of the lower spesd | to remain closed
until the speed of the faster pump is below § its rated speed
provides assurance when going from one-to-two ump operation that
excessive vibration of the Jet pump risers will not occur.

3.6/4.6-32 AMENDMENT No. 1 9 -
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3.6.6/4.6.6 Structural Integrity MAR 1 8 1993

The requirements for the reactor coolant systems inservice inspection
program have been identified by evaluating the need for a sampling
examination of areas of high stress and highest probability of failure in
the system and the need to meet as closely as possible the requirementsg
of Section XI, of the ASME Boiler and Pressure Vessel Code.

The program reflects the built-in limitations of access to the reactor
coolant systems.

It is intended that the required examinations and inspection be completed
during each 10-year interval. The periodic examinations are to be done
during refueling outages or other extended plant shutdown periods.

Only proven nondestructive testing techniques will be used.

More frequent inspections shall be performed on certain circumferential
pipe welds as listed in plant procedures to provide additional protection
against pipe whip. These welds were selected in respect to their
distance from hangers or supports wherein a failure of the weld would
permit the unsupported segments of pipe to strike the drywell wall or
nearby auxiliary systems or control systems. Selection was based on
judgment from actual plant observation of hanger and support locations
and review of drawings. Inspection of all these welds during each
l0-year inspection interval will result in three additional examinations
above the requirements of Section XI of ASME Code. RO e R k*é
ey il el B /({e

e S

An augmented inservice surveillance program is required to determine
whether any stress corrosion has occurred in any stainless steel piping,
stainless components, and highly-stressed alloy steel such as hanger
springs, as a result of environmental conditions associated with the

March 22, 1975 fire. S
‘\"\_, i, T e s ____.,,-//
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REFERENCES N N\
W I R R >
1. (Inservice Inspection and restiQEQiﬁFNP FSAR Subsection ALiéZEJZ;ﬁ
— il ——— .

Inservice Inspection of Nuclear Reactor Coolant Systems, Section XI,
ASME Boiler and Pressure Vessel Code

7

ASME Boiler and Pressure Vessel Code, Section III (1968 Edition)

American Society for Nondestructive Testing No. SNT-TC-1A

(1968 Edition) et
»

Mechanical Maintenance Instruction 46 (Mechanical Equipment,
Concrete, and Structural Steel Cleaning Procedure for Residue From
Plant Fire - Units 1 and 2)

Mechanical Maintenance Instruction 53 (Evaluation of Corrosion Damage
of Piping Components Which Were Exposed to Residue From March 224
1975 Fire)

Plant Safety Analysis (BFNP FSAR Subsection 4,

2)
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Maintaining the water level between these levels will ensure that the torus
water volume and downcomer submergence are within the aforementioned limits
during normal plant operation. Alarms, adjusted for instrument error, will
notify the perator when the limits of the torus water level are approached.

The maximum permissible bulk pool temperature is limited by the potential for
stable and complete condensation of steam discharged from safety relief valves
and adequate core spray pump net positive suction head. At reactor vessel
pressures above approximately 555 psig, the bulk pool temperature shall not
exceed 180°F. At pressures below approximately 240 psig, the bulk temperature
may be as much as 184°F, At intermediate pressures, linear interpolation of
the bulk temperature is permitted.

They also represent the bounding upper limits that are used in suppression
pool temperature response analyses for safety relief valve discharge and
loss-of--coolant accident (LOCA) cases. The actions required by Specifications
3.7.C. - 3.7.F. assure the reactur rzn be depressurized in a timely manner to
avoid exceeding the maximum bulk suppression pool water limits. Furthermore,
the 184°F limit provides that adequate RHR and core spray pump NPSH will be
available without dependency on containment overpressure,

Should it be necessary to drain the s 16 r, $His )should only be
done when there is no requirement f@ﬁﬂxﬂwu tems
OPERABILITY. Under full power operation ditionS, blowd®wn from an initial
suppression chamber water temperature of 95°F results in a peak long term

water temperature which is sufficient for complete condensation.

Limiting suppression pool temperature to 105°F during RCIC, HPCI, or relief
valve operation when decay heat and stored energy is removed from the primary
system by discharging reactor steam directly to the suppression chamber
ensures adequate margin for controlled blowdown anytime during RCIC operation

s T {0 omp g on of steam from the design b"iﬁﬂ
(055 ot - coglart acciden

In addition to the limits on temperature of the suppression chamber pool
water, operating procedures define the action to be taken in the event a
relief valve inadvertently opens or sticks open. This action would include:
(1) use of all available means to close the valve, (2) initiate suppression
pool water cooling heat exchangers, (3) initiate reactor shutdown, and (4) if
other relief valves are used to depressurize the reactor, their discharge
shall be separated from that of the stuck-open relief valve to assure mixing
and uniformity of energy insertion to the pool.

If a LOCA were to occur when the reactor water temperature is below
approximately 330°F, the containment pressure will not exceed the 62 psig code
permissible pressures even if no condensation were to occur. The maximum
allowable pool temperature, whenever the reactor is above 212°F, shall be
governed by this specification. Thus, specifying water volume-temperature
requirements applicable for reactor-water temperature above 212°F provides
additional margin adove that available at 330°F.

BFN > Tt aia AMENDMENT NO. 2 0 4
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In conjunction with the M

NOV 16 ez~

ark I Contajinment Short Term Program, a plant-unigdue

analysis was performed ("Torus Support System and Attached Piping An s for

the Browns Ferry Nuclear
supplemented October 12,
least two for the weakest
and attached piping. The

Plant Units 1, 2, and 3," dated September 9, 1976 and
1976) which demonstrated a factor of safety of at
element in the suppreusion chamber support system
maintenance of a drywell-suppression chamber

differential pressure of 1.1 psid and a suppression chamber water level
corresponding to a downcomer submergence range of 3.06 feet to 3.58 feet will
assure the integrity of the suppression chamber when subjected to
post-loss-of-coolant suppression pool hydrodynamic forces.

Inerting

The relativity small containment volume inherent in the GE-BWR pressure
suppression containment and the large amount of zirconium in the core are such
that the occurrence of a very limited (a-percent or 80) reaction of the
zirconium and steam during a LOCA could lead to the liberation of hydrogen
combined with an air atmosphere to result in a flammable concentration in the
containment. If a sufficient amount of hydrogen is generated and oxygen is
available in stoichiometric quantities the subsequent ignition of the hydrogen
in rapid recombination rate could lead to failure of the containment to
maintain a low leakage integrity. The <4 percent hydrogen concentration

minimizes the possibility

The occurrence of primary

other scheduled shutdown 1{
upen which the specified o
access to the drywell for

in terms of the added plan
margin of safety, Thus, t
and operating for extended
primary system, leak inspe

ot hydrogen combustion following a LOCA,

system leakage following a major refueling outage or
8 much more probable than the occurrence of the LOCA
Xygen concentration limit is based. Permitting

leak inspections during a startup is judged prudent
t safety offered without significantly reducing the
0 preclude the possibility of starting the reactor
periods of time with significant ) aks in the
ctions are scheduled during startup Jeriods, when

the primary system is at or near rated operating temperature and pressure,

The 24-hour period to prov

ide inerting is judged to be sufficient to perform

the leak inspection and establish the required oxygen concentration.

To ensure that the hydrogen concentration is maintained less than 4 percent
following an accident, liquid nitrogen is maintained onsite for containment
atmosphere dilution. About 2,260 gallons would be sufficient as a seven-day
supply, and replenishment facilities can deliver liquid nitrogen to the site

within one day; therefore

g allo 4ﬁﬁﬁ&

FSilovin; & LOCA the Containment Air Monitoring (CAM) System continuously
monitors the hydrogen concentration of the containment volume. Two

independent systems (a system consists of one hydrogen sensing circuit) are \
installed in the drywell and the torus. Each sensor and associated circuit is \z

( periodically checked by a calibration gas to verify operation. Failure of ijil//

system does not reduce the
independent and redundant system will still be OPERABLE. o
M ———-—_/

If\scv* B

ability to monitor system atmosphere as a second /,
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Following a ' the Containment Air
Monitoring (CAM) System continuously monitors the hydrogen
concentration of the containment volume. Two independent systems
are capable of sampling and monitoring hydrogen concentration in
the drywell and the torus. Each sensor and associated circuit is
periodically checked by a calibration gas to verify operation.
Failure of one system does not reduce the ability to monitor the
hydrogen concentration in the drywell or torus atmosphere as a
second independent and redundant system will still be OPERABLE.



. ngv 16197
3-2(9.7 EASES (Cont'd) T Y ey vudl

In terms of separability, redundancy for a failure of the torus system i;Q\\\l
based upon at least one OPERABLE drywell system. The drywell hydrogen
concentration can be used to limit the torus hydrogen concentration during k
post-LOCA conditions. Post-LOCA calculations show that the CAD system "
initiated within two-hours at a flow rate of 100 scfm will limit the peak Z
drywell and wetwell hydrogen concentration to 3.6-percent (at 4 hours) and
3.8-percent (at 32 hours), respectively. This is based upon purge initiation /
after 20 hours at a flow rate of 100 scfm to maintain containment pressure

below 30 psig. Thus, peak torus hydrogen concentration can be controlled /
below 4.0 percent using either the direct torus hydrogen monitoring system or //

the drywell hydrogen monitoring system with appropriate conservatism
(£ 3.8-percent), as a guide for CAD/Purge operations. ,,,_————””’////)

The purpose of the vacuum relief valves is to equalize the pressure between
the drywell and suppression chamber and reactor building so that the
Structural integrity of the containment is maintained. The vacuum relief
system from the pressure suppression chamber to reactor building consists of
two 100-percent vacuum relief breakers (two parallel sets of two valves in
series). Operation of either system will maintain the pressure differential
less than 2 psig; the external design pressure. One reactor building vacuum
breaker may be out of service for repairs for a period of seven days., If
repairs cannot be completed within seven days, the reactor coolant system is
brought to a condition where vacuum relief is no longer required.

When a drywell-suppression chamber vacuum breaker valve is exercised through
an opening-closing cycle the position indicating lights in the control room
are designed to function as specified below:

Initial and Final Check - On (Fully Closed)
Condition Green - On

Red - Off

Opening Cycle Check - Off (Cracked Open)
Green - Off (> 80° Open)
Red - On (> 3° Open)

Closing Cycle Check -~ On (Fully Closed)
Green - On (< 80° Open)
Red - Off (< 3* Open)

The valve position indicating lights consist of one check light on the check
light panel which confirms full closure, one green light next to the hand
switch which confirms 80° of full opening and one red light next to the hand
switch which confirms "near closure" (within 3° of full closure). Each light
is on a separate switch. If the check light circuit is OPERABLE when the
valve is exercised by its air operator there exists a confirmation that the
valve will fully close. If the red light circuit {s OPERABLE, there exists a

BFN 3.7/4.7-28 A
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The objective of this specification is to assure te source of
electrical power to operate facilities to cool th uring shutdown
and to operate the engineered safeguards following an accident, There
are three sources of alternating current electrical energy available,
namely, the 161-kV transmission system, the 500-kV transmission system,
and the diesel generators.

The unit station-service transformer B for unit 1 or the unit
station-service transformer B for unit 2 provide noninterruptible sources
of offsite power from the 500-kV transmission system to the units 1 and 2
shutdown boards. Auxiliary power can also be supplied from the 161-kV
transmission system through the common station-service transformers or
through the cooling tower transformers by way of the bus tie board. The
4-kV bus tie board may remain out of service indefinitely provided one of
the required offsite power sources is not supplied from the 161-kV system
through the bus tie board.

The minimum fuel oil requirement of 35,280 gallons for each diesel
generator fuel tank assembly is sufficient for seven days of full load
operation of each diesel and is conservatively based on availability of a
replenishment supply. Each diesel generator has its own independent
7-day fuel oil storage tank assembly.

The degraded voltage sensing relays provide a start signal to the diesel
generators in the event that a deterioraced voltage condition exists on a
4-kV shutdown board. Thinr starting signal is independent of the starting
signal generated by the complete loss of voltage relays and will continue
to function and start the diesel generators on complete loss of voltage
should the loss of voltage relays become inoperable. The 15-day
inoperable time limit specified when one of the three phase-to-phase
degraded voltage relays is inoperable is justified based on the
two-out-of-three permissive logic scheme provided with these relays.

A 4-kV shutdown board is allowed to be out of operation for a brief
period to allow for msintenance and testing, provided all remaining 4-kV
shutdown boards and associated diesel generators, CS, RHR, (LPCI and
containment cooling) systems supplied by the remaining 4-kV shutdown
boards, and all emergency 480-V power boards are OPERABLE.

The 480-V diesel auxiliary board may be out of service for short periods
for tests and maintenance.

There is a safety related 250-V dc unit battery located in each unit.
Each 250~V de unit battery system consists of a battery, a battery
charger, and a distribution panel. There is also a backup charger which
can be assigned to any one of the three unit batteries. The 250-V de
unit battery systems provide power for unit control functions, unit DC
motor loads and alternate control power to the 4160 and 480-V ac shutdown
boards. The primary control power supplies to the 3A, 3C and 3D 4160-V
ac shutdown boards and the Unit 3 480-V ac shutdown boards are also
provided by unit batteries. There are five safety related 250-V dc
shutdown battery systems assigned as primary control power supplies to

3.9/4.9-19 By letter 3/24/93
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subcritical even when the highest worth control rod is fully
withdrawn. The combination of refueling interlocks for control rods
and the refueling platform provide redundant methode of preventing
inadvertent criticality even after procedural violations. The
interlocks on hoists provide yet another method of avoiding
inadvertent criticality.

Fuel handling is normally conducted with the fuel grapple hoist. The
total load on this hoist when the interlock is required consists of
the weight of the fuel grapple and the fuel assembly. This total is
approximately 1,500 lbs, in comparison to the load~trip setting of
1,000 1bs. Provisions have also been made to allow fuel handling
with either of the tnree auxiliary hoists and still maintain ti
refueling interlocks. The 400-1b load-trip setting on thes
is adequate to trip the interlock when one of the more th
fuel bundles is being handled.

During certain periods, it is desirable to perform maintenance on two
control rods and/or control rod drives at the same time without
removing fuel from the cells. The maintenance is performed with the
mode switch in the refuel position to provide the refueling
interlocks normally available during refueling operations. In order
to withdraw a second control rod after withdrawal of the first rod,
it is necessary to bypass the refueling interlock on the first
control rod which prevents more than one control rod from being
withdrawn at the same time. The requirement that an adequate
shutdown margin be demonstrated and that all remaining control rods
have their directional control valves electrically disarmed ensures
that inadvertent criticality cannot occur during this maintenance.
The adequacy of the shutdown margin is verified by demonstrating that
at least 0.38 percent Ak shutdown margin is available. Disarming the
directional control valves does not inhibit control rod scram
capability.

Specification 3.10.A.7 allows unloading of a significant portion of
the reactor core. This operation is performed with the mode switch
in the REFUEL position to provide the refueling interlocks normally
available during refueling operations. In order to withdraw more
than one control rod, it is necessary to bypass the refueling
interlock on each withdrawn control rod which prevents more than one
control rod from being withdrawn at a time. The requirement that the
fuel assemblies in the cell controlled by the control rod be removed
from the reactor core before the interlock can be bypassed ensures
that withdrawal of another control rod does not result in inadvertent
criticality. Each control rod provides primary reactivity control
for the fuel assemblies in the cell associated with that control rod.

Thus, removal of an entire cell (fuel assemblies plus control rod)
results in a lower reactivity potential of the core. The

requirements for SRM OPERABILITY during these CORE ALTERATIONS assure]
sufficient core monitoring.

LLL
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Although single failure protection has been provided in the design of
the 125-~ton hoist drum shaft, wire ropes, hook and lower block assembly
on the reactor building crane, the limiting of lift height of a spent
fuel cask controcls the amount of energy available in a dropped cask
accident when the cask is over the refueling floor.

An analysis has been made which shows that the floor and support
members in the area of cask entry into the decontamination facility can
satisfactorily sustain a dropped cask from a height of three feet.

The yoke safety links provide single failure protection for the hook
and lower block assembly and limit cask rotation. Cask rotation isg
necessary for decontamination and the safety links are removed during
decontamination.

4.10 BASES

A.

BFN
Unit 2

Refueling Interlocks

Complete functional testing of all required refueling equipment
interlocks before any refueling outage will provide positive indication
that the interlocks operate in the situations for which they were
designed. By loading each hoist with a weight equal to the fuel
assembly, positioning the refueling platform, and withdrawing control
rods, the interlocks can be subjected to valid operational tests.

Where redundancy is provided in the logic circuitry, tests can be
performed to assure that each redundant logic element can independently
perform its function.

Core Monitoring

Requiring the SRMs to be functionally tested prior to any CORE
ALTERATION assures that the SRMs will be OPERABLE at the start of that
alteration. The once per 12 hours verification of the SRM count rate
and signal-to-noise ratio ensures their continued OPERABILITY.

REFERENCES
1. Fuel Pool Cooling and Cleanup Systen (BFNP FSAR Subsection 10.5)

2.  Spent Fuel Storage (BFNP FSAR £ .ection 10.3)

3.10/4.10-15 AMENDMENT KO. 20 g



1.1 BASES: FUEL CLADDING INTEBGRITY SAFETY LIMIT

The fuel cladding represents one of the"physical barriers which
separate radioactive materials from environs. The integrity of this
cladding barrier is related to its relative freedom from
perforations or cracking. Although some corrosion or use-related
cracking may occur during the life of the cladding, fission product
migration from this source is incrementally cumulative and
continuously measurable. Fue! cladding perforations, however, can
result from thermal stresses which occur from reactor operation
significantly above design conditions and the protection system
setpoints. While fission product migration from cladding
perforation is just as measurable as that from use-related cracking,
the thermally-caused cladding perforations signal a threshold,
beyond which still greater thermal stresses may cause qross rather
than incremental cladding deterioration. Therefore, the fuel
cladding safety limit is defined in *terms of the reactor operating
conditions which can result in cladding perforation.

The fuel cladding integrity limit is set such that no calculated
fuel damage would occur as a result of an abnormal operational
transient. Because fuel damage is not directly observable, the Fuel
Cladding safety Limit is defined with margin to the conditions which
would produce onset transition boili {MCPR of 1.0). This
establishes a Safety Limit such thét the minimum critical power
ratio (MCPR) is no less than 1.07.\ Tt epresents a
conservative margin relative to the conditions required to mainta
fuel cladding integrity.

7/07 ‘\;
"

Onset of transition boiling results in a decrease in heat transfer
from the clad and, therefore, elevated clad temperature and the
possiblility of clad failure. ‘Since boiling transition is not a
directly observable parameter, the margin to boiling transition is
calculated from plant operating parameters such as core power, core
flow, feedwater temperature, and core power distribution. The
margin for each fuel assembly is characterized by the critical power
ratio (CPR) which is the ratio of the bundle power which would
produce onset of transition boiling divided by the actual bundle
power. ‘'The minimum value of this ratio for any bundle in the core
is the minimum critical power ratio (MCPR). ‘It is assumed that the
plant operation is controlled to the nominal protective setpoints
via the instrumented variables, i.e., normal plant operation
presented on Figure 2.1-1 by the nominal expected flow control
line. The Safety Limit (MCPR of 1.07) has sufficient conservatism/| i i<
to assure that in the event of an abnorma) operati T transient | spec (ied ‘
initiated from a normal operating condition (HCPRQ;t::tzEEE}e than \n i ~u{
99.9 percent of the fuel rods in the core are exp o avoid f5p€C~£‘ca
boiling transition. The margin between MCPR of 1.0 (onset of 2.5, K)
transition boiling) and the safety limit 1.07 is derived from a
detailed statistical analysis considering all of the uncertainties
in monitoring the core operating state including uncertainty in the
boiling transition correlation as described in Reference 1. The
uncertainties employed in deriving the safety limit are provided at
the beginning of each fuel cycle.

g

“AEee Sedditn 3.5%
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Because the boiling transition correlation is based on a large
quantity of full scale data there is a very high confidence that
operation of a fuel assembly at the condition of MCPR = 1.07 would
not produce boiling transition. Thus, although it is not required
to establish the safety limit additional margin exists between the
safety limit and the actual occurrence of loss-of -cladding integrity.

transition were to occur, clad perforation would
not be expecréd. Cladding temperatures would increase to

Y LI00° which is below the perforation temperature of

- This has been verified by tests in the
General Electric Test Reactor (GETR) where fueir similar in design to
BFNP operated above the critical heat flux for a significant period
of time (30 minutes) without clad perforation.

If reactor pressure should ever excedd L400 psfa during normal power
operation (the limit of applicability boiling transition
correlation) it would be assumed that the fuel cladding integrity
Safety Limit has been violated.

At pressures below 800 psia, the core elevation pressure drop

(0 power, 0 flow) is greater than 4.56 psi. At low powers and flows
this pressure differential is maintained in the bypa edton of the
core. Since the pressure drop in_the bypass region/is essentially
all elevation head, the core ¢ re drop at low ‘ery’ flows
will always be greater than 4 pE1. RAnalyses s with a
flow of 28x103 Ibs/hr bundle fIgw, bundle pressure drop is nearly
independent of bundle power and has a value of 3.5 Psl. Thus, the
bundle flow with a 4.56 psl driving head will be greater than

28x103 ibs/hr. Pull scale ATLAS test data taken at pressures from
14.7 psia to 800 psia indicate that the fuel assembly critical power
at this flow is approximately 3.35 Mwt. with the design peaking
factors this corresponds to a core thermal power of more than 50
percent. Thus, a core thermal power limit of 25 percent for reactor
pressures below 800 psia is conservative.

For the fuel in the core during periods when the reactor 1is shut
down, consideration must also be given to water level requirements
due to the effect of decay heat. If water level should drop below
the top of the fuel during this time, the ability to remove decay
heat is reduced. This reduction in cooling capability could lead to
elevated cladding temperatures and clad perforation. As long as the
fuel remains covered with water, sufficient cooling is available to
prevent fuel clad perforation.

BFN-Unit-3 1.1/72.1-9
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Analyses of the limiting transients show that no scram
adjustment is require 0 trans ,
X - g?;§iatad_ixel_HCDzzggé'/ ﬁ CfRCCf/?? :SOec;[{HZZ?¥23L/

For operation in the startup mode while the reactor is at low
pressure, the APRM scram setting of 15 percent of rated power
provides adequate thermal margin between the setpoint and the
safety limit, 25 percent of rated. The margin is adequate to
accommodate anticipated maneuvers associated with power plant
startup. Effects of increasing pressure at zero or low void
content are minor, cold water from sources available during
startup is not much colder than that already in the system,
temperature coefficients are small, and control rod patterns are
constrained to be uniform by operating procedures backed up by
the rod worth minimizer. Worth of individual rods is very low
in a uniform rod pattern. Thus, of all possible sources of
reactivity input, uniform control rod withdrawal is the most
probable cause of significant power rise. Because the flux
distribution associated with uniform rod withdrawals does not
involve high local peaks, and because several rods must be moved
to change power by a significant percentage of rated power, the
rate of power rise is very slow. Generally, the heat flux is in
near ¢juilibrium with the fission rate. In an assumed uniform
rod withdrawal approach to the scram level, t* rate of power
rise is no more than 5 percent of rated pov . per minute, and
the APRM system would be more than adequat' to assure a scram
before the power could exceed the safety .mit. The 15 percent
APRM scram remains active until the wode switch is placed in the
RUN position. This switch occurs when .actor pressure is
greater than 850 psig.

mits spe

The IRM System consists o(<£:;£amr the reactor
protection system logic channels. cade
instrument which covers the rans of level between that
covered by the SRM and the APR¥ Th
the IRM by means of a range sw .ch cades are broken
down into 10 ranges, each bei.g one-half decade in size.
The IRM scram setting of 120 divisions is active in each range
of the IERM. For example, if the instrument was on range 1, the
scram setting would be 120 divisions for that range; likewise if

the instrumen on range 5, the scram setting would be
120 divisions at range.
Y

—r @
N
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Thus, as the IRM ranged up to accommodate the increase in
power level, the s¢ram setting is also ranged up. A scram at
on the IRM instruments remains in effect as lo
reactdr is {n the startup mode. e APEM 15 percent

occur both locally and over the entire core. The most
significant sources of reactivity change during the power
increq;s~nre due to control rod withdrawal. For insequence
contrél rod withdrawal, the rate of change of power is slow
ue to the physical limitation of withdrawing control

t heat flux is in equilibrium with the neutron flux,
Scram would result in a reactor shutdown well before any
SAFETY LIMIT is eéxceeded. For the case of a single control rod
withdrawal error, a range of rod withdrawal accidents was
analyzed. This analysis included starting the accident at
various power levels. The most severe case involves an initial
condition in which the reactor is just subcritical and the IRM

system is not yet on scale. This co tsts at g er \
rod density. Quarter rod density 14 1§ n 1SCUSES =,
paragraph 7.5.5.4 of the FSAR. Addit ervatism w

taken in this analysis by assuming that the IRM channel closest
to the withdrawn rod is bypassed. The results of this analysis
show that the reactor is scrammed and peak power limited to one
percent of rated power, thus maintaining MCPR above 1.07. Based
on the above analysis, the IRM provides protection against local
control rod withdrawal eérrors and continuous withdrawal of
control rods in sequence.

4. Eixed High Neutron Flux Scram Trip

The average power range monitoring (APRM) system, which is
calibrated using heat balance data taken during steady-state
conditions, reads in percent of rated power (3,293 MWt)., The
APEM system responds directly to neutron flux. Licensing
analyses have demonstrated that with a neutron flux scram of 120
percent of rated power, none of the abnormal operational
transients analyzed violate the fuel SAFETY LIMIT and there is a
substantial margin from fuel damage,

B.  APRM Control Rod Block
Reactor power level may be varied by moving control rods or by
varying the recirculation flow rate. The APRM system provides a
control rod block to prevent rod withdrawal beyond a given point at
constant recirculation flow rate and thus prevents scram actuation,

This rod block trip setting, which is automatically varied with
recirculation loop flow rate, prevents an increase in the reactor

BFN 3:.172.1=14 TS 357 - TVA Letter to NRC
Unit 3 Dated 05/k1/95
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F. (Deleted) e

The low pressure isolation of the main steam lines at ’
provided to protect against rapid reactor depressurizatidn and the
resuiting rapid cooldown of the vessel. The scram feature that
occurs when the main steam line isolation valves close shuts down
the reactor so that high power operation at low reactor pressure
does not occur, thus providing protection for the fuel cladding
int SAFETY LIMIT. Operation of the reactor at pressures lower
5725/ sig requires that the reactor mode switch be in the
sition, where protection of the fuel cladding integrity
MIT is provided by the IRM and APEM high neutron flux
Scrams. Thus, the combination of main steam line low pressure
isolation and isolation valve closure scram agsures the availability
of neutron flux scram protection over the entire range of
applicability of the fuel cladding integrity SAFETY LIMIT. In
addition, the isolation valve closure scram anticipates the pressure
and flux transients that occur during normal or inadvertent
isolation valve closure. With the scrams set at 10 percent of valve
closure, neutron flux does not increase,

I.J.& K.

Spray Pumpg,

These systems maintain adequate coolant inventory and provide core
cooling with the objective of preventing excessive clad
temperatures. The design of these systems to adequately perform the
intended function is based on the specified low level scram setpoint
and initiation setpoints. Transient analyses reported in Section 14
of the FSAR demonstrate that these conditions result in adequate
safety margins for both the fuel and the system pressure,

L. References

1. Supplemental Reload Licensing Report of Browns Ferry Nuclear
Plant, Unit 3 (applicable cycle-specific document),

2. GE Standard Application for Reactor Fuel, NEDE-24011-P-A and
NEDE-24011-P~A-US (latest approved version).
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The safety limits for the reactor coolant system pressure have been
selected such that they are below pressures at which it can be shown that
the integrity of the system 1s not endangered. However, the pressure
safety limits are set high enough such that no foreseeable circumstances
can cause the system pressure to rise over these limits. The pressure
safety limits are arbitrarily selected to be the lowest transient
Overpressures allowed by the applicable codes, ASME Boiler and Pressure
Vessel Code, Section III, and USAS Piping Code, section B31.1.

The design pressure (1,250 pPsig) of the reactor vessel is established
Such that, when the 10 percent allowance (125 psi) allowed by the ASME
Boiler and Pressure Vessel Code Section III for pressure transients is
added to the design pressure, a transient pressure limit of 1,275 psiqg is
established.

S
rregpondingly, the design pressur?(l.uor suction and 1,326
latidn s

p:tg;for discharge) of the reactor recircu ystem piping are such

» when the 20 percent allowance (230 and 265 ps 3 lowed by USAS
Piping Code, section B31.1 for pressure transients added to th
design pressures, transient pressure limits of 1,378 and 91 psig are
established. Thus, the pressure safety limit applicable to power
operation is established at 1,375 psig (the lowest transient overpressure
allowed by the pertinent codes), ASME Boiler and Pressure Vessel Code,
Section III, and USAS Piping Code, Section B31.1.

The current cycle's safety analysis concerning the most severe abnormal
operational transient resulting directly in a reactor coolant system
pressure increase is given in the reload licensing submittal for the
current cycle. The reactor vessel pressure code limit of 1,375 psig
given in subsection 4.2 of the safety analysis report is well above the
peak pressure produced by the overpressure transient described above.
Thus, the pressure safety limit applicable to power operation is well
above the peak pressure that can result due to reasonably expected
overpressure transients.

Higher design pressures have been established for piping within the
reactor coolant system than for the reactor vessel. These increased
design pressures create a consistent design which assures that, if the
pressure within the reactor vessel does not exceed 1,375 psig, the
pressures within the piping cannot exceed thelr respective transient
pressure limits due to static and pump heads.

The safety limit of 1,375 psig actually applies to any point in the

reactor vessel; however, because of the static water head, the ..lghest
pressure point will occur at the bottom of the vessel. Because the
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pressure 1s not monitored at this point, it cannot be directly determined
if this safety limit has been violated. Alsc, because of the potentially
varying head level and flow pressure drops, an equivalent pressure cannot
be a priori determined for a pressure monitor higher in the vessel.
Therefore, following any transient that is severe encugh to cause concern
that this safety limit was violated, a calculation will be performed
using all available information to determine if the safety limit was
violated.

REFERENCES
|. Plant Safety Analysis (BFNP FSAR Sec 10%4.0/(1!\4 APPL"d')( /\/>

2. ASME Boiler and Pressure Vessel Code Section 11l

3. USAS Plping Code, Section B31.l

4. Reactor Vessel and Appurtenances Mechanical Design (BFNP FSAR
Subsection 4.2)

5. Generic Reload Fuel Application, Licensing Topical Report,
NEDE-24011-P-A and Addenda.
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To meet the safety bas
with a total capacity of
flow. The analysis of the—we St overpressure transi
closure of all main steam line isolation valves) negl g the direct
scram (valve position scram) results in a maximum vessel pressure which,
1f a neutron flux scram is assumed considering 12 valves operable,
results in adequate margin to the code allowable overpressure limit of
1,375 psigq.

To meet operational design, the analysis of the plant isolation transient
(generator load reject with bypass valve fallure to open) shows that

12 of the 13 relief valves limit peak system pressure to a value which is
well below the allowed vessel overpressure of 1,375 psigq.
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be accommodated which would result in slow scram times or partial control
rod insertion. To preclude this occurrence, level switches have been
provided in the instrument volume which alarm and scram the reactor when
the volume of water reaches 50 gallons. As indicated above, there is
sufficient volume in the piping to accommodate the scram without
impairmer* ~f the scram times or amount of insertion of the control

rods. T “unction shuts the reactor down while sufficient volume
remains tc accommodate the discharge water and precludes the situation in
which a scram would be required but not be able to perform its function
adequately,

A source range monitor (SRM) system is also provided to supply additional
neutron level information during startup but has no scram functions.
Reference Section 7.5.4 FSAR. Thus, the IRM is required in the REFUEL
and STARTUP modes. In the power range the APRM system provides required
protection. Reference Section 7.5.7 FSAR. Thus, the IRM System is not
required in the RUN mode. The APRMs and the IRMs provide adequate
coverage in the STARTUP and intermediate range.

The high reactor pressure, high drywell pressure, reactor low water
level, low scram pilot air header pressure and scram discharge volume
high level scrams are required for STARTUP and RUN wmodes of plant
operation. They are, therefore, required to be operational for these
modes of reactor operation.

The requirement to have the scram functions as indicated in Table 3.1.1
OPERABLE in the REFUEL mode is to assure that shifting to the REFUEL mode
during reactor power operation does not diminish the need for the reactor
protection system.

Because of the APRM downscale limit of ) 3 percent when in the RUN mode
and high level limit of (15 percent when in the STARTUP Mode, the
transition between the STARTUP and RUN Modes must be made with the APRM
instrumentation indicating between 3 percent and 15 percent of rated
power or a control rod scram will occur. In addition, the IRM system
must be indicating below the High Flux setting (120/125 of scale) or a
scram will occur when in the STARTUP Mode. For normal operating
conditions, these limits provide assurance of overlap between the IRM
system and APRM system so that there are no "gaps” in thcjiﬁii?zxtvcl
indications (i.e., the power level is continuously moni
beginning of startup to full power and from full power.
When power is being reduced, if a transfer to the STAR
and the IRMs have not been fully inserted (a maloperational
impossible condition) a control rod block immediately occurs so that
reactivity insertion by contrel rod withdrawal cannot occur.

The low scram pilot air header pressure trip performs the same function
as the high water level in the scram discharge instrument volume for fast
fill events in which the high level instrument response time may be
inadequate. A fast f1ll event is postulated for certain degraded control
air events in which the scram outlet valves unseat enough to allow 5 gpm
per drive leakage into the scram discharge volume but not enough to cause
control rod insertion.
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The minimum functional testing frequency used in this specification is
based on a reliability analysis using the concepts developed in reference
(1). This concept was specifically adapted to the one-out-of-two taken
twice logic of the reactor protection system. The analysis shows that the
sensors are primarily responsible for the reliability of the reactor
protection system. This analysis makes use of "unsafe failure" rate
experience at conventional and nuclear power plants in a reliability model
for the system. An "unsafe failure" is defined as one which negates
channel operability and which, due to !ts nature, is revealed only when
the channel is functionally tested ~- attempts to respond to a real
signal. Failure such as blown fuses, ruptured bourdon tubes, faulted
amplifiers, faulted cables, etc., which result in "upscale"” or "downscale"
readings on the reactor instrumentation are "safe" and will be easily
recognized by the operators during operation because they are -evealed by
an alarm or a scram.

The channels listed in Tables 4.1.A and 4.1.B are divided into three
groups for functional testing. These are:

A. On-Off sensors that provide a scram trip function.

B. Analog devices coupled with bistable trips that provide a scram
function.

mode of operation, such as STARTUP or SHUTDOWN, or for ch the

only practical test is one that can be performed at /;2%&37
The sensors that make up group (A) are specifically selected from among
the whole family of industrial on-off sensors that have earned an
excellent reputation for reliable operation. During design, a goal of
0.99999 probability of success (at the 50 percent confidence level) was
adopted to assure that a balanced and adequate design is achieved. The
probability of success i{s primarily a function of the sensor failure rate
and the test interval. A three-month test interval was planned for group
(A) sensors. This is in keeping with good operating practices, and
satisfies the design goal for the logic configuration utilized in the
Reactor Protection System.

The once per six-month functional test frequency for the scram pilot air
header low pressure trip function is acceptable due to:

The functional reliability previously demonstrated by these switches
on Unit 2 during Cycles 6 and 7,

- I The need for minimizing the radiation exposure associated with the
functional testing of these switches, and

3 The increased risk to plant availability while the plant is in a
half-scram condition during the performance of the functional testing
versus the limited increase in reliability that weuld be obtained by
more frequent functional testing.

BFN 3.1/4.1-16 AMENDMENT Mo. 1 9 7
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Experience with passive type instruments in generating stations and
substations indicates that the specified calibrations are adequate. For

those devices which employ amplifiers, etc., drift specifications call for
drift be less an 0.4 percefit/month; i.e., in the period of a month a
would occir and thiis providing for adequate margin.

For the APRM system drift of electronic apparatus is not the only
consideration in determining a calibration frequency. Change in power
distribution and loss of chamber sensitivity dictate a4 calibration every
seven days. Calibration on this frequency assures plant operation at or
below thermal limits.

A comparison of Tables 4.1.A and 4.1.B indicates that two instrument
channels have been included in the latter table. These are: mode switch
in SHUTDOWN and manual scram. All of the devices or sensors associated
with these scram functions are simple on-off switches and, hence,
calibration during operation is not applicable, i.e., the switch is either
on or off.

The sensitivity of LPRM detectors decreases with €xposure to neutron flux
at a slow and approximetely constant rate. The APRM system, which uses
the LPRM readings to detect a change in thermal power, will be calibrated
évery seven days using a heat balance to compensate for this change in
sensitivity. The RBM system uses the LPRM reading to detect a localized
change in thermal power. It applies a correction factor based on the APRM
output signal to determine the percent thermal power and therefore any
change in LPRM sensitivity is compensated for by the APRM calibration.
The technical specification lim':s of CMFLPD, CPR, and APLHGR are
determined by the use of the process computer or other backup methods.
These methods use LPRM readings and TIP data to determine the power
distribution.

Compensation in the process computer for changes in LPRM sensitivity will
be made by performing a full core TIP traverse to update the computer
calculated LPRM correction factors every 1000 effective full power hours,

As & minimum the individual LPRM meter readings will be adjusted at the
beginning of each operating cycle before reaching 100 percent power.
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In addition to reactor protection instrumentation which initiates a
reactor scram, protective instrumentation has been provided which
initiates action to mitigate the consequences of accidents which are
beyond the operator's ability to control, or terminates operator errors
before they result in serious consequences. This set of specifications
provides the limiting conditions of operation for the primary system
isolation function, initiation of the core cooling systems, control rod
block and standby gas treatment Systems. The objectives of the
Specifications are (1) to assure the effectiveness of the protective
instrumentation when required by preserving its capability to tolerate a
single failure of any component of such Systems even during periods when
portions of such Systems are out of service for laintennnce, and (i1) to
prescribe the trip settings required to assure adequate performance.
When necessary, one channel may be made inoperable for brief intervals to
conduct required functional tests and calibrations.

Some of the settings on the instrumentation that initiate or control core
and containment cooling have tolerances explicitly stated where the high
and low values are both critical and may have a substantial effect on
safety. The setpoints of other 1nnttulcntntion, where only the high or
low end of the setting has a direct bearing on safety, are chosen at a
level away from the normal operating range to prevent inadvertent
actuation of the safety system involved and exposure to abnormal
situations,

Actuation of primary containment valves is initiated by protective
instrumentation shown in Table 3.2.A which senses the conditions for
which isolation is required. Such instrumentation must be available
whenever PRIMAKY CONTAINMENT INTEGRITY is required,

The instrumentation which i{nitiates primary system isolation is connected
in a dual bus arrangement .

The lov water level instrumentation set to trip at 538 inches above
vessel zero closes isolation valves in the RHR System, Drywell and
Suppression Chamber exhausts and drains and Reactor Water Cleanup Lines
(Groups 2 and 3 isclation valves). The low reactor water level
instrumentation that is set to trip vhen reactor water level is 470
inches above vesgel zero (Table 3.2.B) trips the recirculation umps and Aﬂ%&
i tes the RCIC and HPCI systemg. ' The RCIC and HPCI lylte-'f:Tff;:?:§\
opens the turbine steam sSupply valve which in turn initiates closure of /
he respective drairn valves (Group 7), - R0 g L, ~

e ——
The low water level i

o ———

rumentation set to trip at 2398 inches above
vessel zero (Table 3. loses the Main Steam Isclation Valves, the
Main Steam Line Drain vVes, and the Reactor Water Sample Valves

(Group 1). These trip settings are adequate to prevent core uncovery in
the case of a break in the largest line assuming the maximum closing time.

BFN 3.2/4,2-64 AMENDMENT 80. 1 9 6
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The instrumentation which initiates CSCS
system. As for other vital instrumentati
specification preserves the eff
periods when maintenance or tes
this is when logic functional t

action is arranged in a dual bus
on arranged in this fashion, the
ectiveness of the system even during

ting is being performed. An exception to
esting is being performed.

The control rod block functions are provided to generate a trip signal to
block red withdrawal if the monitored power level exceeds a preset
value., The trip logic for this function is l-out-of-n:

€.8., any trip
on one of six APRMs, eight IRMs, or four SRMs will result in a rod block,
- s cm——— e \‘
A _ The minimum instrument i

channel requirements assure sufficient -
instrumentation to assure the single failure criteria is met. The ™
minimum instrument channel requirements for the REM may be reduced by one-
for maintenance, testing, or calibration. This does not significantly .
increase the rigk of an inadvertent control rod withdrawal, as the other |

channel is available, and the REM is a backup system to the written -
e ce for withdrawal of contrel rods.

e SR
e APRM rod block function is flow bilased and provides a trip signal for

blocking rod withdrawal when average reactor thermal power exceeds
pre-establishea limits set to prevent scram actuation,

g

The RBM rod block function provides local protection of the core; i.e.,
the prevention of critical power in a local region of the core, for a
single rod withdrawal error from a limiting control rod pattern,

If the IRM channels are in the
sealing arrangement is such tha
signal is generated before
more than a factor of 10.

worst condition of allowed bypass, the
t for unbypassed IRM channels, & rod block
the detected neutrons flux has increased by

A downscale indication is an indication the instrument has failed or the
instrument is not sensitive enough. In either case the instrument will

motion and thus, control rod motion

The refueling interlocks also operate one 1

ogic channel, and are required
for safety only when the mode switch 1s in

the refueling position.

For effective emergency core cooling for small pipe breaks, the HPCI
System must function since reactor pressure does not decrease rapid
enough to allow either core spray or LPCI to operate in time. The
automatic pressure relief function is provided as a backup to the HPCI in
the event the HPCI does noet operate. The errangement of the tripping
contacts is such as to provide this function when necessary and minimize
spurious operation. The trip settings given in the speci{ication are
adequate to assure the above criteria are met. The specification
preserves the effectiveness of the system during periods of maintenance,
testing, or calibration, and also minimizes the risk of inadvertent
operation; {.e., only one instrument channel out of service.

3.2/4,2-67 TS 357 -~ TVA Letter to NRC
Dated 05//95
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When the REBM ig required, the minimum instrument channel requirements
ipply. These requirements assure sufficient instrumentation to sssure
the single failure criteria is moe, The minimum instrument channel
requirements for the REM may be reduced by one for maintenance, testing,
or calibration, This does not limfimcly increase the rigsk of an
inadvertent centrol rod vithdraval, as the other channel ig available,
and the RBM {g o backup system to the written Sequence for withdrawal of
control rods,
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ich, when tripped, result in & rod block have their
contacts arranged in a l-out-of-n logic, and all are capable of being
bypassed. For such a tripping arrapgement with bypass capability
provided, there is an optimum test interval that should be maintained in
order toc maximize the reliability of & giver channel (7). This takes
dccount of the fact that testing degrades reliability and the optimum
intervel between tests is approximately givem by:

l 2t
i= 2

Vhere: i = the optimum interval between tests.

L« the time the trip contscts are disabled
from performing their function while
the test is in progress.

r = the expected failure rate of the relays.

To test the trip relays requires that the channel be bypassed, the test sade, and
the system returned to its initial state. It is assumed this task requires an
estimated 3O minutes to complete il @ thorough and workmanlike manner and that the
relays have s failure rete of 10 failures per hour. Using this date and the
above operation, the optimum test interval is:

The sensors and electromic tpparstus have not been included here as these are
analog devices with readouts in the control room and the sensors and electronic

epparatus can be checked by comparison with other like ia : The checks
which are made on & daily basis are adequute to auuro the sensors
and electronic apparatus, and the test interval given ado p for optimum
testing of the relay circuits.

The above calculated test intervael optimizes each individusl channel, considering
it to be independent of all others. As an example, assume thet there ere two
channels with an inuividusl technician assigned to each. Each technician tests bis
channel at the optimum frequency, but the twe technicians are not allowed to
communicate so that one can advise the other that his chennel is under test. Under
these conditions, it is possible for both channels to be under test

simultanecusly. Now, assume that the technicians are required to communicate and
that two channels are never tested at the same time.

UCRL-50451, Improving Availability and Readiness of Field Equipment Through
Periodic Inspection, Benjamin Epstein, Albert Shiff, July 16, 1968, page 10,
Equation (24), Lawrence Radiation Laboratory.
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2.

-~ Specification
3.3.4.2 ¢ a rod b en of service if it
cannot be moved with drive pressure. If the rod is fully
inserted and disarmed electrically*, it is in a safe position
of maximum contribution to shutdown reactivity. If {t is
disarmed electrically in a noenfully inserted position, that
position shall be consistent with the shutdown reactivity
limitations stated in Specification 3.3.A.1. This assures that
the core can be shut down at all times with the rem: ining
control rods assuming the strongest CPERABLE control rod does
not insert. Also if damage within the control rod drive
mechanism and in particular, cracks in drive internal housings,
cannot be ruled out, then a generic problem affecting a number
of drives cannot be ruled out. Circumferential cracks
resulting from stress-assisted intergranular corrosion have
occurred in the collet housing of drives at several BWRs. This
type of cracking could oceur in a4 number of drives and if the
cracks propagated until severance of the collet housing
occurred, scram could be prevented in the affected rods.
Limiting the period of operation with a potentially severed rod
after detecting one stuck rod will assure that the reactor will
not be operated with a large number of rods with failed collet
housings. The Rod Worth Minimizer is not automatically
bypassed until reactor power is above the preset power level
cutoff. Therefore, control rod movement is restricted and the
single notch exercise surveillance test is only performed above
this power level. The Rod Worth Minimizer prevents movement of
out-of-sequence rods unless power is above the preset power
level cutoff,

Control Rodg

Control rod dropout accidents as discussed in the FSAR can lead
to significant core damage, If coupling integrity is
maintained, the possibility of a rod dropout accident is
eliminated. The overtravel position feature provides a
positive check as only uncoupled drives may reach this
position. Neutron instrumentation response to rod movement
provides a verification that the rod is following its drive.
Absence of such response to drive movement could indicate an
uncoupled condition. Rod position indication is required for
proper function of the Rod Worth Minimizer.

* To disarm the drive electrically, four amphenol type plug connectors are
removed from the drive insert and withdrawal solenoids rendering the rod
incapable of withdrawal, This procedure is equivalent to valving out the
drive and is preferred because, in this condition, drive water cools and
minimizes crud accumulation in the drive. Electrical disarming does not
eliminate position indication.

BFN
Unit 3
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5. The Rod Block Monitor (RBM)-ig designed to automatically prevent fuel
damage in the event of erroneous rod withdrawal from locations of high
power density during high power level operation. Two RBM channels are
provided, and one of these may be bypassed from the console for
mainterance and/or testing. Automatic rod withdrawal blocks from one
of the channels will block erroneous rod withdrawal soom enough to
prevent fuel damage. The specified restrictions with one channel out
of service conservatively assure that fuel damage will not occur due
to rod withdrawal

Tk l'imi‘h

[fefevenc

N Power Hansients are 30'78& n

L S
The control rod system is designed to brin reactor subcritical at a
rate fast enough to preveht fuel damage; +€., to prevent the MCPR from

becoming less than 1.07.VAnalysis of tranniegf shows that t%f “\fﬁﬂiL
negative reactivity rates result r the scram gure N3,6-97
with the av e response of al rives a ven in B
specificat rovide the requi rotectigns-4nd MCPR remains greater
than 1.07. E§i§ —

On an early BWR, some de on of control rod scram performance

occurred during pl ,lﬂ and)vas determined to be caused by
parciculate material construction debris) plugging an internal

control rod drive filter. The design of the present comtrol rcd drive
(Model 7RDB144B) is .grossly improved by the relocation of the filter to a
location out of the scram drive path; 1.e., it can no longer interfere
with scram performance, even if completely blocked.

The degraded performance of the original drive (CRD7RDB144A) under dirty
operating conditions and the insensitivity of the redesigned drive
(CRD7RDB144B) has been demonstrated by a series of engineering tests under
simulated reactor operating conditions. The succesaful performance of the
new drive under sctual operating conditions has also been demonstrated by
consistently good in-service test results for plants using the new drive
and may be inferred from plants using the older model

- 3.3/4.3-17 AMENDMENT No. 1 9 0
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drive with a modified (larger screen size) internal filter which 1s less
prone to plugging. Data has been documented by surveillance reports in
various operating plants. These include Oyster Creek, Monticello,
Dresden 2, and Dresden 3. Approximately 5000 drive tests have been
recorded to date.

Following identification of the "plugged filter" problem, very frequent
Scram tests were necessary to ensure proper performance. However, the
more frequent scram tests are now considered totally unnecessary and
unwise for the following reasons:

1. Erratic scram performance has been identified as due to an obstructed
dri~e filter in type "A" drives. The drives in BFNP are of the new
"B" type design whose scram performance ia unaffected by filter

condition.
2. The dirt load is primarily released durinf;::;;:gg:;k the reactor when
the reactor and its systems are first sub flows and pressure

and thermal stresses. Special attention and measures are now being
taken to assure cleaner Systems. Reactors with drives identical or
similar (shorter stroke, smaller piston areas) have operated through

many refueling cycles with no sudden ; changes in scram
performance. This preoperational aééj??;?gggigghtinc is sufficient to

detect anomalous drive performance.

3. The 72-hour outage limit which initiated the start of the frequent
scram testing is arbitrary, having no logical basis other than
quantifying a "major outage" which might reasonably be caused by an
eévent so severe as to possibly affect drive performance. This
requirement is unwise because it provides an incentive for shortcut
actions to hasten returning "on line" to aveid the additional testing
due a 72-hour outage,

BFN 3.3/4.3-18 | AMENDMENT NO. 1.0 ¢
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During each fuel cycle excess -perative reactivity varies as fuel
depletes and as any burnable Poison in supplementary control is
burned. The magnitude of this excess reactivity may be inferred
from the critical rod configuration. As fue) burnup progresses,
anomalous behavior in the excess reactivity may be detected by
comparison of the critical rod P&éttern at selected base states to
the predicted rod inventory at that state. Power oparating base
conditions provide the most sensitive and directly interpretable
data relative to core reactivity, Furthermore, using power operating
base conditions permits frequent reactivity comparisons.

Requiring a reactivity comparison at the specified frequency assures
that a comparison will be made before the core reactivity change
exceeds 1 percent AK, Deviations in core reactivity greater than

_of the reactor system.
)
ed'for this specification

The nominal stroke time for the scram discharge volume vent and
drain valves is £ 30 seconds following a scram. The purpose of
these valves is teo limit the quantity of reactor water discharged
after a scram and no direct safety function is performed. The
surveillance for the valves assures that system drainage is not
impeded by a valve which fails to open and that the valves are
OPERABLE and capable of closing upon a scram.

References

1. Generic Reload Fuel Application,
Licensing Topical Report, NEDE-24011-P-A and Addenda.
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Analyses presented in the FSAR* and analyses presented in conformance
with 10 CFR 50, Appendix K, demonstrated that the core Spray system
Abrovides adequate cooling to the core to dissipate the energy
/ associated with the loss-of-coolant accident and to limit fuel clad
/ temperature to below 2,200°PF which as58ures that core geometry remains
' intact and to limit the core av
than 1 percent.
to exceed the minimum requirements.
\ ng effectiveness has been demonstrated at less than
half the rated flow in simulated fuel assemblies with heater rods to
\_d cate the decay hea EE;}acterisEIE!“of~{:xggiated fuel,
IN Conyunc How with, 4w LPCT Pumps )
‘!nts‘tt?tT“EBaIT‘Il‘ueaigned~eo—provtdu*!ﬂi?zeucy cooling to the
core by flooding in the event of a loss-of-coolant accident. This
system is completely independent of the core Spray system; however, it
does function in combination with the core spray system to prevent
excessive fuel clad temperature. The LPCI mode of the RHRS and the
core spray system provide adequate cooling for break areas of
approximately 0.2 Square feet up to and including the double-ended
recirculation line break without assistance from the high-pressure
emergency core cooling subsystems.

However, during operation, certain Components may be out of
service for the Specified allowable repeir times. The allowable repair
have been selected using engineering judgmert based on
experiences and supported by availability analysis.

Should one core spray loop become inoperable, the remaining core spray
loop, the RHR System, and the diesel gererators are required to be
OPERABLE should the need for core cooling arise. These provide
extensive margin over the OPERABLE equipment needed for adequate core
cooling. With due regard for this margin, the allowable repair time of
seven days was chogen,

Sheuld one inoperable, three REHR pumps
(LPCI mode) re available, Since adequate

d with thig complement of ECCS, & seven day
repair period is Justified,

Should two RHER pumps (LPCI mode) become inoperable, there remains no
reserve (redundant) Capacity within the RHRS (LPCI mode). Thexefore,
the affected unit shall be placed in cold shutdown within 24 hours,

*A detajled functional analysis is given in Section 6 of the BFNP FSAR.

3.5/4,5-27
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wWith the RCICS incperable, a weven-day period to return the system to
service is justified based on the availability of the HPCIS to cool

the core and upon consideration that the average risk associated with
failure of the RCICS to cool tte core when required igs not increased.

The surveillance requirements, which are based on industry codes and
standards, provide adequate assurance that the RCICS will be OPERABLE
when required.

Automatic Depressurization System (ADS)

The ADS consists of six of the thirteen relief valves. It is designed
to provide depressurization of the reactor coolant system during a
small break logs of coolant accident (LOCA) if HPCI fails or is unable
to maintain the required water level in the reactor vessel. ADS
operation reduces the reactor vessel pressure to within the operating
pressure range of the low pressure emergency core cooling systems
(core spray and LPCI) so that they can operate to protect the fuel
berrier. Specification 3.5.G applies only to the automatic feature of
the pressure relief system,

Specification 3.6.D specifies the requirements for the pressure relief
function of the valves. It is possible for any number of the valves
assigned to the ADS to be incapable of performing their ADS functions
because of instrumentation failures, yet be fully capable of
performing their pressure relief function.

The emergency core cooling system LOCA analyses for small line breaks
assumed that four of the six ADS valves were CPERABLE. By requiring
8ix valves to be OPERABLE, additional conservatism is provided to
account for the possibility of a single failure in the ADS system.

Reactor operation with one of the six ADS valves inoperable is allowed
to continue for fourteen days provided the HPCI, core spray, and LPCI
Systems are OPERABLE. Operation with more than one ADS valve
inoperable is not acceptable.

With one ADS valve known to be incapable of automatic operation, five
valves remain OPERABLE to perform the ADS function. This condition is
within the analyses for a small break LOCA and the peak clad
temperature is well below the 10 CFR 50.46 limit. Analysis has shown
that four valves are capable of depressurizing the reactor rapidly
enough to maintain peak clad temperature within acceptable limits.

Maintenance of Filled Pischarge Pipe

[f the discharge piping of the core spray, LPCI, HPCIS, and RCICS are
not filled, a water hammer can develop in this piping when the pump
and/or pumps are started. To minimize damage to the discharge piping
and to ensure added margin in the operation of these systems, this
Technical Specification requires the discharge lines to be filled

3.5/4.5-33 AMENDMENTNQ. 1 9 9
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Suggest a reasonable margin of safety that such leakage magnitude would
not result from a crack approaching the critical size for rapid
propagation. Leakage less than the magnitude specified can be detected
reasonably in a matter of a few hours utilizing the available leakage
detection schemes, and if the origin cannot be determined in a4 reasonably
short time, the unit should be shut down to allow further investigation

aud corrective action, ;S,)
The two gpm limit for coolant leakage rate increas ver any r
" applies

period is a limit specified by the NRC (Reference 2). This 1
only during the RUN mode to avoid being penalized for the expected
coolant leakage increase during pressurization.

The total leakage rate consists of all leakage, identified and
unidentified, which flows to the drywell floor drain and equipment drain
sumps.

The capacity of the drywell floor sump pump is 50 gpm and the capacity of
the drywell equipment sump pump is also 50 gpm. Removal of 25 gpm from
either of these sumps can be accomplished with considerable margin.

References

1.

Nuclear System Leakage Rate Limits (BFNP FSAR Subsection 4.10)
Safety Evaluation Report (SER) on IE Bulletin 82-03

2.6.0/4,6.D Relief Valves

BFN

To meet the safety basis, 13 lves have been installed on the
unit with a total capacity o rcent of nuclear boiler rated steam
flow. The analysis of the worst overpressure transient, (3-second
closure of all main steam line isolation valves) neglecting the direct
scram (valve position scram) results in a maximum vessel pressure which,
if a neutron flux scram is assumed considering 12 valves OPERABLE,
results in adequate margin to the code allowable overpressure limit of
1,375 psig.

To meet operational design, the analysis of the plant isolation transient
(generator load reject with bypass valve failure to open) shows that

12 of the 13 relief valves limit peak system pressure to a value which is
well below the allowed vessel overpressure of 1,375 psig.

Experience in -elief( lﬂd/tcliey>\ lve operation shows that a testing of

50 percent of tne valv ar 1is equate to detect failures or
deteriorations. The relil ald-5afely-valves are benchtested every
second operating cycle to eir setpoints are within the

+ 1 percent tolerance. The relief valves are tested in place in
accordance sith Specification 1.0.MM to establish that they will open and
pass steam,

3.6/4.,6-30 AMENDMENT NO. 14 1
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The requirements established above apply when the nuclear system can be
pressurized above ambient conditions. These requirements are applicable at
nuclear system pressures below normal operating pressures because abnormal
operational transients could possibly start at these conditions such that
eventual overpressure relief would be needed. However, these transients are
much less severe, in terms of pressure, than those starting at rated
conditions. The valves need not be functional when the vessel head is
removed, since the nuclear System cannot be pressurized.

The relief valves are
CONDITION. Overpressure protection is
two of the relief valves whose relief setting has been established in
conformance with ASME Section XI code requirements. The capacity of one
relief valve exceeds the charging capacity of the pressurization source used
during hydrostatic testing. Two relief valves are used to provide redundancy.

not required to be OPERABLE in the COLD SHUTDOWN
provided during hydrostatic tests by

References

1, Nuclear System Pressure Relief System (BFNP FSAR Subsection 4.4)

2e “Protection Against Overpressure" (ASME Boiler and Pressure Vessel Code,
Section III, Article 9)

3. Browns Ferry Nuclear Plant Design Deficiency Report-~Target Rock

Safety-Relief Valves, transmitted by
ugust 973

J. E. Gilliland to F. E. Kruesi,
4. eneric. Relead Fue | A?PI"C‘&'HO'\)L{C:“

; ¥, NEDE-
.6.E/4.,6.E 24oilP-A and Rddem )

Failure of a jet pump nozzle assembly holddown mechanism, nozzle assembly
and/or riser, would increase the cross-sectional flow area for blowdown
following the design basis double-erded line break. Also, failure of the
diffuser would eliminate the capability to reflood the core to two-thirds
height level following a recirculation line break. Therefore, if a failure
occurred, repairs must be made.

—

IoPSC‘A\’RePu

The detection technique is as follows. With the two recirculation pumps
balanced in speed to within t+ 5 percent, the flow rates in both recirculation
loops will be verified by control room monitoring instruments. If the two
flow rate values do not differ by more than 10 percent, riser and nozzle
assembly integrity has been verified,.

flow rate measured by the
t be checked against the
loop flow to core flow

If they do differ by 10 percent or more, the core
Jet pump diffuser differential pressure system mus
core flow rate derived from the measured values of

correlation. If the difference between measured

and derived core flow rate is

10 percent or more (with the derived value
be taken to define the location within the
(or riser) and the unit shut down for repai

BFN 3.6/4.6

Unit 3

higher) diffuser measurements will
vessel of failed jet pump nozzle
rs. If the potential blowdown flow
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The program reflects the built-in limitations of access to the reactor coolant
systems.

It is intended that the required examinations and inspection be completed
during each l10-year interval. The periodic examinations are to be done during
refueling outages or other extended plant shutdown periods.

Only proven nondestructive testing techniques will be used.

More frequenc inspections shall be performed on certain circumferential pipe
welds as listed in plant procedures to provide additional protection against
pipe whip. These welds were selected in respect to their distance from
hangers or supports wherein a failure of the weld would permit the unsupported
segments of pipe to strike the drywell wall or nearby auxiliary systems or
control systems. Selection was based on judgment from actual plaut
observation of hanger and support locations and review of drawings.

Inspection of all these welds during each l0-year inspection interval will

result in three additional examinations above the requirements of Section XI
of ASME Code.

B:L:xsnngg_\nvﬂ_‘~ _7
3 CEEEEfZice Inspection and Testi FNP FSAR Subsection 4.“£E;i2/7ﬂ
\\

2 Inservice Inspection of Nuclear Reactor Coolant Systems, Section XI, ASME
Boiler and Pressure Vessel Code

3. ASME Boiler and Pressure Vessel Code, Section III (1968 Edition)

American Society for Nondestructive Testing No. SNT-TC-1A (1968 Edition)
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Maintaining the water level between these levels will ensure that the torus
water volume and downcomer submergence are within the aforementioned limits
during normal plant operation. Alarms, adjusted for instrument error, will
notify the operator when the limits of the torus water level are approached. )
The maximum permissible bulk pool temperature is limited by the potential for
stable and complete condensation of steam discharged from safety relief valves
and adequate core Spray pump net positive suction head. At reactor vessel
pressures above approximately 555 pasig, the bulk pool temperature shall not
exceed 180°F. At pressures below approximately 240 psig, the bulk temperature
may be as much as 184°F., At intermediate pressures, linear interpolation of
the bulk temperature is permitted,

They also represent the bounding upper limits that are used in suppression

pool temperature response analyses for safety relief velve discharge and
P t accident (LOCA) cases. The actions required by Specifications
%féS 3.7.CY.7.P. assure the reactor can be depressurized in a timely manner to
5 avo eeding the maximum bulk suppression pool water limits. Furthermore,
the 184°F limit provides that adequate RHR and core spray pump NPSH will be

available without dependency on containment overpressure.

Should it be necessary to drain the suppression chamber, this should only be
done when there is no requirement for Core Standby Cooling Systems
OPERABILITY. Under full power operation conditions, blowdown from an initial
sSuppression chamber water temperature of 95°F results in a peak long term
water temperature which is sufficient for complete condensation.

Limiting suppression pool temperature to 105°F during RCIC, HPCI, or relief
valve operation when decay heat and stored energy is removed from the primary
system by discharging reactor steam directly to the suppression chamber

uate margin for controlled blowdown anytime during RCIC operation

an margin for nplete condensation of steam from the design basis
loss= accide(t)/ C ‘-OCRSr )
ensures

In addition to the limits on temperature of the suppression chamber pool
water, operating procedures define the action to be taken in the event a
relief valve inadvertently opens or sticks open. action would include:
(1) use of all available means to e the vnlvézzzzg 1n1tiate‘injk ession
pool water cooling heat exchange ) initiate ctor ahutd-‘g’t*d (4) if
other relief valves are used to depressurize the reactor, their diScharge

shall be separated from that of the stuck-open relief valve to assure mixing
and unifo . energy insertion to_the pool.

occur when the reactor water temperature
’ onMtainment pressure will not exceed the

62 psig code permissible pressar vén {f no condensation were to occur. The
maximum allowable pool temperat » Whenever the reactor is above 212°F, shall
be governed by this specification. Thus, specifying water volume-temperature
requirements applicable for reactor-water temperature above 212°F provides
additional margin above that available at 330°F.

If a entywvere
is below approxima

BFN 3,7/4,7-25 AMENDMENT NO. 1 6 1
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In conjunction with the Mark I Containment Short Term Program, a plant-unique
analysis was performed ("Torus Support System and Attached Piping Analysis for
the Browns Ferry Nuclear Plant Units 1, 2, and 3," dated September 9, 1976 and
supplemented October 12, 1976) which demonstrated a factor of safety of at
least two for the weakeet element in the suppreesion chamber Support system
and attached pPiping. The maintenance of a drywell-suppression chamber
differential pressure of 1.1 psid and a Suppression chamber water level
corresponding to a downcomer submergence range of 3.06 feet to 3.58 feet will
assure the integrity of the suppression chamber when subjected to
post-loss-of-coclant Suppression pool hydrodynamic forces,

Inerting

/b{e/"

The relativity small containm¢nt volume inherent in the/GE-BWR pressure
Suppression containment and t e large amount of zirconfum in the core are such
that the occurrence of a very dimited (a per Or 8¢) reaction of the
zirconium and steam during a oss-of-coolant accidenttcould lead to the
liberation of hydrogen combined witk an a r‘iii3ipu3rc to result in a
flammable concentration in the containment., If a sufficient amount of
hydrogen is generated and oxygen is available in stoichiometric quantities the
subsequent ignition of the hydrogen in rapid recombination rate could lead to
failure of the containment to maintain low leakage integrity., The <4 percent
hydrogen ¢ ation minimizes the P lity of hydrocgen combustion
loss-of-coolant accident LocA.)

cakage following a major refueling outage or

utdown §{ ch more probable than the occurrence of the
accident¥ipon which the specified oxygen concentration limit
is based. Permitting access to the drywell for leak inspections during a
startup is judged prudent in terms of the added plant safety offered without
significantly reducing the margin of safety, Thus, to preclude the
possibility of starting the resctor and operating for extended periods of time
with significant leaks in the primary system, leak inspections are scheduled
during startup periods, when the primary system is at Or near rated operating
temperature and pressure. The 24-hour period to provide inerting is Judged
sufficient to perform the leak inspection and establish the required oxygen
concentration,

To ensure that the hydrogen concentration i{s maintained less than 4 percent
following an accident, liquid nitrogen is maintained onsite for containment
atmosphere dilution. About 2,260 gallons would be sufficient as a seven-day
supply, and replenishment facilities can deliver liquid nitrogen to the site
within one day: the fore, a requirement of 2 allons is cons tive,
Follow 8 loss-of-coolant ace ent the Containment Air Monitoring (CAM) ™
System continuously monitors the hydrogen concentration of the containment \\
volume. Two independent systems (a system consists of one hydrogen sensing |
circuit) are installed in the drywell and the torus. Each sensor and ?
associated circuit is periodically checked by a calibration gas to verify
operation. Failure of one system does not reduce the ability to monitor

System atmosphere as a second independent and redundant system will still b
OPERABLE . ——
Tose +

5:!1‘: ; 3.7/4.7-26 | AMENDMENT N, 1 61
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Following a the Containment Air
Monitoring (CAM) System continuously monitors the hydrogen
concentration of the containment volume. Two independent systems
are capable of sampling and monitoring hydrogen concentration in
the drywell and the torus. Each sensor and associated circuit is
periodically checked by a calibration gas to verify operation.
Failure of one system does not reduce the ability to monitor the
hydrogen concentration in the drywell or torus atmosphere as a
second independent and redundant system will still be OPERABLE.

LOCA
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In terms of Separability, redundancy for a failure of the torus system is ™

// based upon at lesst one OPERABLE drywell system. The drywell hydrogen \

) concentration can be used to limit the torus hydrogen concentration during
/ post-loss-of-coolant accident conditions. Post-loss-of-coolant accident
1 calculations show that the CAD system within srwo hours at a fiow rate of
100 scfm will limit the peak drywell and wetwell hydrogen concentration to
3.9-percent (at 3 hours) and 3.9-percent (at 32 hours), respectively. This is.
based upon purge initiation after 20 hours at a flow rate of 100 scfm to |
maintain containment pressure below 30 psig. Thus, peak torus hydrogen
concentration can be controlled below 4.0 percent using either the direct \
torus hydrogen monitoring system or the drywell hydrogen monitoring system
with appropriate conservatism (g 3.9-percent), as a guide for CAD/Purge
operations,

\_/\\_/—\

=

\.'/\A—’\M e — il

The purpose of the vacuum relief valves is to equalize the pressure between
the drywell and Suppression chamber and reactor building so that the
structural integrity of the containment is maintained. The vacuum relief
system from the pressure Suppression chamber to reactor building consists of
two 100-percent vacuum relief breakers (two parallel sets of two valves in
series). Operation of either system will maintain the pressure differential
less than 2 peig; the external design pressure. One reactor building vacuum
breaker may be out of service for repairs for a period of seven days. If
repairs cannot be completed within seven days, the reactor coolant system is
brought to & condition where vacuum relief is no longer required,

When a dryvell-luppreloion chamber vacuum breaker valve is exercised through
an opening-closing cycle the position indicating lights in the control room
are designed to function as specified below:

Initial and Final Check - On (Fully Closed)
Condition Green - On
Red - off
Opening Cycle Check - Off (Cracked Open)
Green - Off (> 80* Open)
Red - On (> 3° Open)
Closing Cycle Check - On (Fully Closed)
Green - On (< 80°* Open)
Red - off (¢ 3° Open)

light panel which confirms fuil closure, vne green light next to the hand
switch which confirms 80° of full opening and one red light next to the hand
switch which confirms "near closure" (within 3° of full closure)., Each light
is on a separate switch., If the check light circuit is OPERABLE when the
valve 18 exerciged by its air operator there exists a confirmation that the
valve will fully close. If the red lignht circuit is OPERABLE, there exists a

BFR 3.7/74,7-27
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in the system, isolation is provided by high temperature in the cleanup system
area. Also, since the vessel could potentially be drained through the cleanup
system, a low-level isolation is provided.

Groups 4 and 5 - Process lines are designed to remain OPERABLE and mitigate
the consequences of an accident which resu’'ts in the isolation -, other
process lines. The signals which initiate isolation of Gro,_s 4 and 5 process
lines are therefore indicative of a condition which woul” render them
inoperable.

Group 6 - Lines are connected to the primary con’ainment but not directly to
the reactor vessel. These valves are isolated on reactor low water level
(538"), high d ressure, or reactor bui'uing ventilation high radiation
ndicate a sible accident and ‘iecessitate primary containment

fe.

(el Aele
rocess lines are closed only on the respective turbine steam supply

valve not fully closed. This assures that the valves are not open when HPCI L

or RCIC action is required. -
W

Group § - Line (traveling in-core probe) is isolated on high drywell pressure
or reactor low water level (538"). This is to assure that this line does not
provide a leakage path when cc.tainment pressure or reactor water level
indicates a possible accident tondition,

The maximum closure time for the automatic isolation valves of the primary
containment and reactor vessel isolation control system have been selected in
consideration of the design intent to prevent core uncovering following pipe
breaks outside the primary containment and the need to contain released
fission products following pipe breaks inside the primary containment.

In satisfying this design intent, an additional margin has been included in
specifying maximum closure times. This margin permits identification of
degraded valve performance prior to exceeding the design closure times.

In order to assure that the doses that Bay result from a steam line break do
not exceed the 10 CFR 100 guidelines, it is necessary that no fuel rod
perforation resulting from the accident occur prior to closure of the main
steam line isolation valves. Analyses indicate that fuel rod cladding
perforations would be avoided for main steam valve closure times, including
instrument delay, as long as 10.5 seconds.

3.7/4.7-34 AMENDMENT NO. 1 9 3




3.9

BFN
Unit 3

S\ MAR 2 4 1993
The objective of this specification is to assure an adequate source of
electrical power to operate facilities to cool the unityduring shutdown
and to operate the engineered safeguards following an accident. There
are three sources of alternating current electrical energy available,
namely, the 161-kV transmission system, the 500-kV transmission system,
and the diesel generators.

The unit station-service transformer B for unit 3 provides a
noninterruptible source ot offsite power from the 500-kV transmission
system to the unit 3 shutdown boards. Auxiliary power can also be
supplied from the 161-kV transmission system through the common
station-service transformers or through the cooling tower transformers
by way of the bus tie board. The 4-kV bus tie board may remain out of
service indefinitely provided one of the required offsite power sources
is not supplied from the 161-kV system through the bus tie board.

The minimum fuel oil requirement of 35,280 galleons for each diesel
generator fuel tank assembly is sufficient for seven days of full load
operation of each diesel and is conservatively based on availability of
a replenishment supply. Each diesel generator has its own independent
7-day fuel oil storage tank asgembly,

The degraded voltage sensing relays provide a start signal to the diesel
generators in the event that a deteriorated voltage condition exists on
a 4-1V shutdown board. This starting signal is independent of the
starting signal generated by the complete loss of voltage relays and
will continue to function and start the diesel generators on complete
loss of voltage should the loss of voltage relays become inoperable.

The 15-day inoperable time limit specified when one of the three
phase-to-phase degraded voltage relays is inoperable is justified based
on the two-out-of-three permissive logic scheme provided with these
relays.

A 4-kV shutdown board is allowed to be out of operation for a brief
period to allow for maintenance and testing, provided all remaining 4-kV
shutdown boards and associated diesel generators, CS, RHR, (LPCI and
containment cooling) systems supplied by the remaining 4-kV shutdown
boards, and all emergency 480~V power boards are OPERABLE.

The 480-V diesel auxiliary board may be out of service for short periods
for tests and maintenance.

There is a safety related 250-V dc unit battery located in each unit,
Each 250-V de unit battery system consists of a battery, a battery
charger, and a distribution panel. There is also a backup charger which
can be assigned to any one of the three unit batteries. The 250-V dc
unit battery systems provide power for unit control functions, unit DC
motor loads and alternate control power to the 4160 and 480-V ac
shutdown boards. The primary control power supplies to the 3A, 3C and

3.9/4,9-18 By letter 3/24/93
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subcritical even when the highest worth control rod is fully
withdrawn. The combination of refueling interlocks for control rods
and the refueling platform provide redundant methods of preventing
inadvertent criticality even after procedural violations. The
interlocks on hoists provide vet another method of avoiding
inadvertent criticality,

Fuel handling is normally conducted with the fuel grapple hoist., The
total lcad on this hoist when the interlock is required consiste of
the weight of the fuel grapple and the fuel assembly., This total is
approximately 1,500 lbs, in comparison to the load-trip setting of
1,000 1bs. Provisions have also been made to allow fuel handling
with either of the three auxiliary hoists and still maintain the
refueling interlocks. The 400-1b load-trip setting on these &
is adequate to trip the interlock vhen one of the more
fuel bundles is being handled.

During certain periods, it is desirable to perform maintenance on two
control rods and/or control rod drives at the same time without
removing fuel from the cells. The maintenance is performed with the
mode switch in the refuel position to provide the refueling
interlocks normally available during refueling operations. In order
to withdrav a second control rod after withdrawal of the first rod,
it is necessary to bypase the refueling interlock on the first
control rod which prevents more than one control rod from being
vithdrawn at the same time. The requirement that an adequate
shutdowvn margin be demonstrated and that all remaining control rods
have their directional control valves electrically disarmed ensures
that inadvertent criticality cannot occur during this maintenance.
The adequacy of the shutdown margin is verified by demonstrating that
at least 0.38 percent Ak shutdown margin is available. Disarming the
directional control valves does not inhibit control rod scram
capability,

Specification 3.10.A.7 ailows unloading of a significant portion of
the reactor core. This operation is performed with the mode switch
in the REFUEL position to provide the refueling interlocks normally
available during refueling operations. In order to withdrav more
than one control rod, it is necessary to bypass the refueling
interlock on each withdrawn control rod which prevents more than one
control rod from being withdrawn at a time. The requirement that the
fuel assemblies in the cell controlled by the control rod be removed
from the reactor core before the interlock can be bypassed ensures
that wvithdrawval of another control rod does not result in inadvertent
ceriticality. EBach control rod provides primary reactivity control
for the fuel assemblies in the cell associated with that control rod.

Thus, removal of an entire cell (fuel assemblies plus control rod)
results in a lowver reactivity potential of the core. The
requirements for SEM OPERABILITY during these CORE ALTERATIONS aolurel
sufficient core monitoring,

3.10/4,10-11
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REFERENCES

1. Refueling interlocks (BFNP FSAR Subsection 7.6)

Core Monitoring

The SRMs are provided to monitor the core during periods of unit
shutdown and to guide the operator during refueling operations and unit
startup. Requiring two OPERABLE SREMs (FLCs) during CORE ALTERATIONS
assures adequate monitoring of the fueled region(s) and the core
quadrant where CORE ALTERATIONS are being performed. The fueled region
is any set of contiguous (adjacent) control cells which contain one or
more fuel assemblies. An SRM is considered to be in the fueled region
when one or more of the four fuel assembly locations surrounding the
SEM dry tube contain a fuel assembly. An FLC is considered to be in
the fueled region if the FLC is positioned such that it is monitoring
the fuel assemblies in its associated core quadrant, even if the actual
position of the FLC is outside the fueled region.

Each SRM (FLC) is not required to read ) 3 cps until after four fuel
assemblies have been loaded adjacent to the SRM (FLC) if no other fuel
assemblies are in the associated core quadrant. These four locations
are adjacent to the SEM dry tube. When utilizing FLCs, the FLCs will
be located such that the required count rate is achieved without
exceeding the SRM upscale setpoint. With four fuel assemblies or fewer
loaded around each SRM, even with a control rod withdrawn, the
configuration will not be critical.

Under the special condition of removing tuhe full core with all control
rods inserted and electrically disarmed, it is permissible to allow SEM
count rate to decrease below three counts per second. All fuel moves
during core unloading will reduce reactivity. It is expected that the
SRMs will drop below three counts per second before all of the fuel is
unloaded. Since there will be no reactivity additions during this
period, the lov number of counts will not present a hazard. When
sufficient fuel has been removed to the spent fuel storage pool to drop
the SRM count rate below 3 cps, SRMs will no longer be required to be
OPERABLE. Requiring the SRMs to be functionally tested prior to fuel
removal assures that the SRMs will be OPERABLE at the start of fuel
removal. The once per 12 hours verification of the SRM count rate and
signal-to-noise ratio ensures their continued OPERABILITY until the
count rate diminishes due to fuel removal. Control rods in cells from
which all fuel has been removed y be armed electrically and moved for
maintenance purposes during ful] core removal, provided all rods that

control
DiCh ave  gulside. the peviphery of the Then em‘s*w@
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3. Morgan, W, R., "In-Core Neutron Monitoring System for General
Electric Boiling Water Resctors,” General Electric Company, Atomic
Powver Equipment Department, November 1968, revised April 1969
(APED-5706)

C. Seent Fuel Pool Water

The design of the spent fuel storage pool provides a storage location
for approximately 140 percent of the full core load of fuel assemblies
in the reactor building which ensures adequate shielding, cooling, and
reactivity control of irradiated fuel. An analysis has been performed
which shows that a water level at or in excess of eight and one-half
feet over the top of the stored assemblies will provide shielding such
that the maximum calculated radiological doses do not exceed the limits
of 10 CFR 20. The normal wvater level provides 14-1/2 feet of
additional water shielding. The capacity of the skimmer surge tanks is
available to maintain the water level at its normal height for three
days in the absence of additional water input from the condensate
storage tanks. All penetrations of the fuel pool have been installed
at such a height that their presence does not provide a possible
drainage route that could lower the normal water level more than
one~-half foot,

The fuel pool cooling system is designed to maintain the pool water
temperature less than 125°F during normal heat loads, If the reactor
core is complctely unloaded when the pool contains two previous
discharge batches, the temperatures may increase to greater than
125°F. The RHR system supplemental fuel pPool cooling mode will be used
under these conditions to maintain the pool temperature to less than
125°F.

E—_

The r¢ “ctor building crane and 125-ton hoist are required to be
OPERABLE for handling of the spent fuel in the reactor building. The
controls for the 125-tom hoist are located in the crane cab. The
five-ton has both cab and pendant controls.

A visual inspection of the load-bearing hoist wire rope assures
detection of signs of distress or wear so that corrections can be
promptly made if needed.

The testing of the various limits and interlocks assures their proper
operation when the crane is used,

RN
(£ Soent Fuel Cask

The spent fuel cask deaign incorporates removable lifting trunnions.
The visual inspection of the trunnions and fasteners prior to

P
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subcritical even when the highest worth control rod is fully
withdrawn. The combination of refueling interlocks for control rods
and the refueling platform provide redundant methods of preventing
inadvertent criticality even after procedural violations. The
interlocks on hoists provide yet another method of svoiding
inadvertent criticality.

Fuel handling is normally conducted with the fuel grapple hoist., The
total load on this hoist when the interlock is required consists of
the weight of the fuel grapple and th: fuel assembly. This total is
approximately 1,500 1bs, in comparison to the load-trip setting of
1,000 1bs. Provisions have also been made to allow fuel handling
with either of the three auxiliary hoists and still maintain the
refueling interlocks. The 400-1b load-trip setting on these hoists
is adequate to trip the interlock when one of the more than 550-1b
fuel bundles is being handled.

During certain periods, it is desirable to perform maintenance on two
control rods and/or control rod drives at the same time without
removing fuel from the cells. The maintenance is performed with the
mode switch in the refuel position to provide the refueling
interlocks normally available during refueling operations. In order
to withdraw a second control rod after withdrawal of the first rod,
it is necessary to bypass the refueling interlock on the first
control rod which prevents more than one control rod from being
withdrawn at the same time. The requirement that an adequate
shutdown margin be demonstrated and that all remaining control rods
have their directional control valves electrically disarmed ensures
that inadvertent criticality cannot occur during this maintenance.
The adequacy of the shutdown margin is verified by demonstrating that
at least 0.38 percent Ak shutdown margin is available. Disarming the
directional control valves does not inhibit control rod scram
capability.

Specification 3.10.A.7 allows unloading of a significant portion of
the reactor core. This operation is performed with the mode switch
in the refuel position to provide the refueling interlocks normally
available during refueling operations. In order to withdraw more
than one control rod, it i{s necessary to bypass the refueling
interlock on each withdrawn control rod which prevents more than one
control rod from being withdrawn at a time. The requirement that the
fuel assemblies in the cell controlled by the control rod be removed
from the reactor core before the interlock can be bypassed ensures
that withdrawal of another control rod does not result in inadvertent
criticality. Each control rod provides primary reactivity control
for the fuel assemblies in the cell associated with that control rod,

Thus, removal of an entire cell (fuel assemblies plus control rod)
results in a lower reactivity potential of the core. The
requirements for SRM OPERABILITY during these CORE ALTERATIONS assure
sufficient core monitoring.
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1.1 BASES: FUEL CLADDING INTEGRITY SAFETY LIMIT

The fuel cladding represents one of the physical barriers which
separate radioactive materials from environs. The integrity of this
cladding barrier is related to its relative freedom from
perforations or cracking. Although some ccrrosion or use-related
cracking may occur during the life of the cladding, fission product
migration from this source is incrementally cumulative and
continuously measurable. Fuel cladding perforations, however, can
result from thermal stresses which occur from reactor operation
significantly above design conditions and the protection system
setpoints. While fission product migration from cladding
perforation is just as measurable as that from use-related cracking,
the thermally-caused cladding perforations signal a threshold,
beyond which still greater thermal stresses may cause gross rather
than incremental cladding deterioration. Therefore, the fuel
cladding safety limit is defined in terms of the reactor operating
conditions which can result in cladding perforation.

The fuel cladding integrity limit is set such that no calculated
fuel damage would occur as a result of an abnormal operational
transient. Because fuel damage is not directly observable, the Fuel
Cladding Safety Limit is defined with margin to the conditions which
would produce onset transition boiling (MCPR of 1.0). This
establishes a Safety Limit such that the minimum critical power
ratio (MCPR) is no less than 1,.07. MCPR > 1.07 represents a
conservative margin relative to the conditions required to maintain
fuel cladding integrity.

Onset of transition boiling results in a decrease in heat transfer
from the clad and, therefore, elevated clad temperature and the
possibility of clad failure. Since boiling transition is not a
directly observable parameter, the margin to boiling transition is
calculated from plant operating parameters such as core power, core
flow, feedwater temperature, and core power distribution. The
margin for each fuel assembly is characterized by the critical power
ratio (CPR) which is the ratio of the bundle power which would
produce onset of transition boiling divided by the actual bundle 4
power. The minimum value of this ratio for any bundle in the core
is the minimum critical power ratio (MCPR). It is assumed that the
plant operation is controlled to the nominal protective setpoints
via the instrumented variables, i.e., normal plant operation
presented on Figure 2.1-1 by the nominal expected flow control

line. The Safety Limit (MCPR of 1.07) has sufficient conservatism
to assure that in the event of an abnormal operational transient
initiated from a normal operating condition (MCPR > limits specified
in Specification 3.5.K) more than 99.9 percent of the fuel rods in
the core are expected to avoid boiling transition. The margin
between MCPR of 1.0 (onset of transition boiling) and the safety
limit 1.07 is derived from a detailed statistical analysis
considering all of the uncertainties in monitoring the core
operating state including uncertainty in the boiling transition
correlation as described in Reference 1. The uncertainties employed
in deriving the safety limit are provided at the beginning of each
fuel cycle.

BFN 1.1/2,1-8
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Because the boiling transition correlation is based on a large
quantity of full scale data there is a very high confidence that
operation of a fuel assembly at the condition of MCPR = 1.07 would
not produce boiling transition. Thus, although it is not required
to establish the safety limit additional margin exists between the
safety limit and the actual occurrence of loss of cladding integrity.

However, if boiling transition were to occur, clad perforation would
not be expected. Cladding temperatures would increase to
approximately 1,100°F which is below the perforation temperature of
the cladding material. This has been verified by tests in the
General Electric Test Reactor (GETR) where fuel similar in design to
BFNP operated above the critical heat flux for a significant period
of time (30 minutes) without clad perforation.

If reactor pressure should ever exceed 1,400 psia during normal
power operation (the limit of applicability of the boiling
transition correlation) it would be assumed that the fuel cladding
integrity Safety I imit has been violated.

At pressures below 800 psia, the core elevation pressure drop

(0 power, O flow) is greater than 4.56 psi. At low powers and flows
this pressure differential is maintained in the bypass region of the
core. Since the pressure drop in the bypass region is essentially

all elevation head, the core pressure drop at low power and flows |
will always be greater than 4.5 psi. Analyses show that with a flow 1
of 28x103 1bs/hr bundle flow, bundle pressure drop is nearly
independent of bundle power and has a value of 3.5 psi. Thus, the
bundlg flow with a 4.56 psi driving head will be greater than

28x10° 1bs/hr. Full scale ATLAS test data taken at pressures from
14.7 psia to 800 psia indicate that the fuel assembly critical power
at this flow is approximately 3.35 MWt. With the design peaking
factors this corresponds to a core thermal power of more than 50
percent. Thus, a core thermal power limit of 25 percent for reactor
pressures below 800 psia is conservative,.

For the fuel in the core during periods when the reactor is shut
down, consideration must also be given to water level requirements
due to the effect of decay heat, If water level should drop below
the top of the fuel during this time, the ability to remove decay
heat is reduced. This reduction in cocoling capability could lead to
elevated cladding temperatures and clad perforation, As long as the
fuel remains covered with water, sufficient cooling is available to
prevent fuel clad perforation.

BFN 1.1/72.1-9
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Analyses of the limiting transients show that no scram
adjustment is required to assure MCPR > 1.07 when the transient
is initiated from MCPR limits specified in Specification 3.5.k.

APRM Flux Scram Trip Setting (REFUEL or STARTUP/HOT STANDBY MODE)

For operation in the startup mode while the reactor is at low
pressure, the APRM scram setting of 15 percent of rated power
provides adequate thermal margin between the setpoint and the
safety limit, 25 percent of rated. The margin is adequate to
accommodate anticipated maneuvers associated with power plant
startup, Effects of increasing pressure at zero or low void
content are minor, cold water from sources available during
startup is not much colder than that already in the system,
temperature coefficients are small, and control rod patterns are
constrained to be uniform by operating procedures backed up by
the rod worth minimizer. Worth of individual rods is very low
in a uniform rod pattern. Thus, of 'l possible sources of
reactivity input, uniform control roa withdrawal is the most
probable cause of significant power rise. Because the flux
distribution associated with uniform rod withdrawals does not
involve high local peaks, and because several rods must be moved
to change power by a significant percentage of rated power, the
rate of power rise is very slow. Generally, the heat flux is in
near equilibrium with the fission rate. In an assumed uniform
rod withdrawal approach to the scram level, the rate of power
rise is no more than five percent of rated power per minute, and
the APRM system would be more than adequate to assure a scram
before the power could exceed the safety limit. The 15 percent
APRM scram remains active until the mode switch is placed in the
RUN position. This switch occurs when reactor pressure is
greater than 850 psig.

IRM Flux Scram Trip Setting

The IRM System consists of eight chambers, four in each of the
reactor protection system logic channels. The IRM is a
five-decade instrument which covers the range of power level
between that covered by the SRM and the APRM. The five decades
are covered by the IRM by means of a range switch and the five
decades are broken down into 10 ranges, each being one-half of a
decade in size. The IRM scram setting of 120 divisions is
active in each range of the IRM. For example, if the instrument
was on range 1, the scram setting would be 120 divisions for
that range; likewise if the instrument was on range 5, the scram
setting would be 120 divisions for that range.
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IRM Flux Scram Trlp Setting (Continued)

Thus, as the IRM is ranged up to accommodate the increase in
power level, the scram setting is also ranged up. A scram at
120 divisions on the IRM instruments remains in effect as long
as the reactor i{s in the startup mode. In addition, the APRM

15 percent scram prevents higher power operation without being
in the RUN mode. The IRM scram provides protection for changes
which occur both locally and over the entire core. The most
significant sources of reactivity change during the power
increase are due to control rod withdrawal. For insequence
control rod withdrawal, the rate of change of power is slow
enough dve to the physical limitation of withdrawing control
rods that heat flux i¢ in equilibrium with the neutron flux. An
IRM scram would result in a reactor shutdown well before any
SAFETY LIMIT is exceeded. For the case of a single control rod
withdrawal error, a range of rod withdrawal accidents was
analyzed. This analysis included starting the accident at
various power levels. The most severe case involves an initial
condition in which the reactor is just suberitical and the IRM
system is not yet on scale. This condition exists at quarter
rod density. Quarter rod density is discussed in

paragraph 7.5.5.4 of the FSAR. Additional conservatism was
taken in this analysis by assuming that the IRM channel closest
to the withdrawn rod is bypassed. The results of this analysis
show that the reactor is scrammed and peak power limited to one
percent of rated power, thus maintaining MCPR above 1.07. Based
on the above analysis, the IRM provides protection against local
control rod withdrawval errors and continuous withdrawal of
control rods in sequence.

Fixed High Neutron Flux Scram Trip

The average power range monitoring (APEM) system, which is
calibrated using heat balance data taken during steady-state
conditions, reads in percent of rated power (3,293 MWwt). The
APRM system responds directly to neutron flux. Licensing
analyses have demonstrated that with a neutron flux scram of 120
percent of rated power, none of the abnormal operational
transients analyzed violate the fuel SAFETY LIMIT and there is a
substantial margin from fuel damage.

APRM Control Rod Block

Reactor power level may be varied by moving control rods or by
varying the recirculation flow rate. The APRM system provides a
control rod block to prevent rod withdrawal beyond a given point at
constant recirculation flow rate and thus prevents scram actuation.
This rod block trip setting, which is automatically varied with
recirculation loop flow rate, prevents an increase in the reactor
power level to excess values due to control rod withdrawal. The
flow variable trip setting is selected to provide adequate margin to
the flow-biased scram setpoint,
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Reactor Water Low Level Scram and Igolation (Except Main Steam Lines)

The setpoint for the low level scram is above the bottom of the
separator skirt., This level has been used in transient analyses
dealing with coolant inventory decrease. The results reported in
FSAR Subsection 14.5 show that scram and isolation of all process
lines (except main steam) at this level adequately protects the fuel
and the pressure barrier, because MCPR is greater than 1.07 in all
cases, and system pressure does not reach the safety valve

settings. The scram setting is sufficiently below normal operating
range to avoid spurious scrams.

Turbine Stop Valve Closure Scram

The turbine stop valve closure tiip anticipates the pressure,
neutron flux and heat flux increases that would result from closure
of the stop valves. With a trip setting of 10 percent of valve
closure from full open, the resultant increase in heat flux is such
at adequate thermal margins are maintained even during the worst
ase transient that assumes the turbine bypass valves remain
closed. (Reference 2)

Turbine Control Valve Fast Closure or Turbine Trip Scram

Turbine control valve fast closure or turbine trip scram anticipates
the pressure, neutron flux, and heat flux increase that could result
from control valve fast closure due to load rejection or control
valve closure due to turbine trip; each without bypass valve
capability. The reactor protection system initiates a scram in less
than 30 milliseconds after the start of control valve fast closure
due to load rejection or control valve closure due to turbine trip.
This scram is achieved by rapidly reducing hydraulic control oil
pressure at the main turbine control valve actuator disc dump
valves, This loss of pressure is sensed by pressure switches whose
contacts form the one-out-of-two-twice logic input to the reactor
protection system. This trip setting, a nominally 50 percent
greater closure time and a different valve characteristic from that
of the turbine stop valve, combine to produce transients very
similar to that for the stop valve. Ko significant change in MCPR
occurs. Relevant transient analyses are discussed in References 2
and 3 of the Final Safety Analysis Report., This scram is bypassed
when turbine steam flow is below 30 percent of rated, as measured by
turbine first state pressure.
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H. Main Steam line Isolation on Low Pressure and Main Steam Line
Isolation Scram

The low pressure isolation of the main steam lines at 825 paig wes
provided to protect against rapid reactor depressurization and the
resulting rapid cooldown of the vessel. The scram feature that
occury when the main steam line isolation valves close shuts down
the reactar so that high power operation at low reactor pressure
does not occur, thus providing protection for the fuel cladding
integrity SAFETY LIMIT. Operation of the reactor at pressures lower
than 825 psig requires that the reactor mode switch be in the
STARTUP position, where protection of the fuel cladding integrity
SAFETY LIMIT is provided by the IRM and APRM high neutron flux
scrams. Thus, the combination of main steam line low pressure
isolation and isolation valve closure scram assures the availability
of neutron flux scram protection over the encire range of
applicability of the fuel cladding integrity SAFETY LIMIT. In
addition, the isolation valve closure scram anticipates the pressure
and flux transients that occur during normal or inadvertent
isolation valve closure. With the scrams set at 10 percent of valve
closure, neutron flux does not increase.

I.J.& K. Reactor Low Water Level Setpoint for Initiation of HPCI and RCIC

BFN

Closing Main Steam Isolation Valves, and Starting LPCI and Core
Spray Pumps.

These systems maintain adequate coolant inventory and provide core
cooling with the objective of preventing excessive clad
temperatures. The design of these systems to adequately perform the
intended function is based on the specified low level scram setpoint
and initiation setpoints. Transient analyses reported in Section 14
of the FSAR demonstrate that these conditions result in adequate
safety margins for both the fuel and the system pressure,

References

1. Supplemental Reload Licensing Report of Browns Ferry Nuclear
Plant, Unit 2 (applicable cycle-specific document).

2. GE Standard Application for Reactor Fuel, NEDE-24011-P-A and
NEDE-24011-P-A-US (latest approved version).
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REACTOR COOLANT SYSTEM INTEGRITY

The safety limits for the reactor coolant system pressure have been
selected such that they are below pressures at which it can be shown that
the integrity of the system is not endangered. However, the pressure
safety limits are not high enough such that no foreseeable circumstances
can cause the system pressure to rise over these limits. The pressure
safety limits are arbitrarily selected to be the lowest transient
overpressures allowed by the applicable codes, ASME Boiler and Pressure
Vessel Code, Section III, and USAS Piping Code, Section B31.1.

The design pressure (1,250 psig) of the reactor vessel is eatablished
such that, when the 10 percent allowance (125 psi) allowed by the ASME
Boiler and Pressure Vessel Code Section III for pressure transients is
added to the design pressure, a transient pressure limit of 1,375 peig is
established.

Correspordingly, the design pressures (1,148 for suction and 1,326 for
discharge) of the reactor recirculation system piping are such that, when
the 20 percent allowance (230 and 265 psi) allowed by USAS Piping Code,
Section B3l.1 for pressure transients is added to the design pressures,
transient pressure limits of 1,378 and 1,59 psig are established. Thus,
the pressure safety limit applicable to power operation is established at
1,375 psig (the lowest transient overpressure allowed by the pertinent
codes), ASME Boiler and Pressure Vessel Code, Section III, and USAS
Piping Code, Section B31.1.

The current cycle's safety analysis concerning the most severe abnormal
operational transient resulting directly in a reactor coolant system
pressure increase is given in the reload licensing submittal for the
current cycle. The reactor vessel pressure code limit of 1,375 psig
given in subsection 4.2 of the safety analysis report is well above the
peak pressure produced by the overpressure transient described above.
Thus, the pressure safety limit applicable to power operation is well
above the peak pressure that can result due to reasonably expected
overpressure transients,

Higher design pressures have been established for piping within the
reactor coolant system than for the reactor vessel. These increased
design pressures create a consistent design which assures that, if the
pressure within the reactor vessel does not exceed 1,375 psig, the
pressures within the piping cannot exceed their respective transient
pressure limits due to static and pump heads.

The safety limit of 1,375 psig actually applies to any point in the
reactor vessel; however, because of the static water head, the highest
pressure point will occur at the bottom of the vessel. Because the

BFN 1.2/2.2-2
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pressure is not monitored at this point, it cannot be directly determined
if this safety limit has been violated. Also, because of the potentially
varying head level and flow pressure drops, an equivalent pressure cannot
be a priori determined for a pressure monitor higher in the vessel.
Therefore, following any transient that is severe enough to cause concern
that this safety limit was violated, a calculation will be performed
using all available information to determine if the safety limit was
violated.

REFERENCES

1. Plant Safety Analysis (BFNP FSAR Sections 14,0 and Appendix N)
2. ASME Boiler and Pressure Vessel Code Section III

3. USAS Piping Code, Section B31.1

4., Reactor Vessel and Appurtenances Mechanical Dezign (BFNP FSAR
Subsection 4,2)

5. Generic Reload Fuel Application, Licensing Topical Report,
NEDE-24011-P-A and Addenda.
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The Reactor Protection System automatically initiates a reactor scram to:
;I Preserve the integrity of the fuel cladding.
R. Preserve the integrity of the reactor coolant system,

3. Minimize the energy which must be absorbed following a loss of
coolant accident, and prevents criticality.

This specification provides the LIMITING CONDITIONS FOR OPERATION
necessary to preserve the ability of the system to tolerate sgingle
failures and still perform its intended function even during periods when
instrument channels may be out of service because of maintenance. When
necessary, one channel may be made inoperable for brief intervals to
conduct required functional tests and calibrations.

The reactor protection trip system is nupplied, via a separate bus, by
its own high _nertia, ac motor-generator set. Alternate power is
available to either Reactor Protection System bus from an electrical bus
that can receive standby electrical power. The RPS monitoring system
provides an isolation between nonclass 1E power supply and the class

1E RPS bus. This will ensure that failure of a nonclass 1E reactor
protection power supply will not cause adverse interaction to the

class 1E Reactor Protection System,

The Reactor Protection System is made up of two independent trip systems
(refer to Section 7.2, FSAR). There are usually four channels provided
to monitor each critical parameter, with two channels in each trip
system. The outputs of the channels in a trip system are combined in a
logic such that either channel trip will trip that trip system. The
simultaneous tripping of both trip systems will produce a reactor scram.

This system meets the intent of IEEE-279 for Nuclear Power Plant
Protection Systems. The system has a reliability greater than that of a
2-out-of-3 system and somewhat less than that of a l-out-of-2 system.

With the exception of the Average Power Range Monitor (APRM) channels,
the Intermediate Range Monitor (IRM) channels, the Main Steam Isolation
Valve closure and the Turbine Stop Valve closure, each trip system logic
has one instrument channel. When the minimum condition for operation on

! the number of OPERABLE instrument channels per untripped protection trip
system is met or if it cannot be met and the effected protection trip
system is placed in a tripped condition, the effectiveness of the
protection system is preserved; i.e., the system can tolerate a single
failure and still perform its intended function of scramming the
reactor. Three APRM instrument channels are provided for each protection
trip system,
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Each protection trip system has one more APRM than is necessary to meet
the minimum number required per channel. This allows the bypassing of
one APRM per protection trip system for maintenance, testing or
calibration. Additional IRM channels have also been provided to allow
for bypassing of one such channel. The bases for the scram setting for
the IRM, APRM, high reactor pressure, reactor low water level, MSIV
closure, turbine control valve fast closure, and turbine stop valve
closure are discussed in Specifications 2.1 and 2.2.

Instrumentation (pressure switches) for the drywell are provided to
detect a loss of coolant accident and initiate the core standby cooling
equipment. A high drywell pressure scram is provided at the same setting
as the core cooling systems (CSCS) initiation to minimize the energy
which must be accommodated during a loss of coolant accident and to
prevent return to criticality., This instrumentation is a backup to the
reactor vessel water level instrumentation.

A reactor mode switch is provided which actuates or bypasses the various
scram functions appropriate to the particular plant operating status.
Reference Section 7.2.3.7 FSAR.

The manual scram function is active in all modes, thus providing for a
manual means of rapidly inserting control rods during all modes of
reactor operation.

The IRM system (120/125 scram) in conjunction with the APRM system
(15 percent scram) provides protection against excessive power levels and
short reactor periods in the startup and intermediate power ranges.

The control rod drive scram system is designed so that all of the water
which is discharged from the reactor by a scram can be accommodated in
the discharge piping. The discharge volume tank accommodates in excess
of 50 gallons of water and is the low point in the piping. No credit was
taken for this volume in the design of the discharge piping as concerns
the amount of water which must be accommodated during a scram. During
normal operation the discharge volume is «apty; however, should {t fil1l
with water, the water discharged to the piping from the reactor could not
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The minimum functional testing frequency used in this specification is
based on a reliability analysis using the concepts developed in reference
(1). This concept was specifically adapted to the one-out-of-two taken
twice logic of the reactor protection system. The analysis shows that the
sensors are primarily responsible for the reliability of the reactor
protection system. This analysis makes use of "unsafe fallure" rate
experience at conventional and nuclear power plants in a reliability model
for the system. An "unsafe failure" is defined as one which negates
channel operability and which, due to its nature, is revealed only when
the channel is functionally tested or attempts to respond to a real
signal. Failure such as blown fuses, ruptured bourdon tubes, faulted
amplifiers, faulted cables, etc., which result in "upscale” or "downscale"
readings on the reactor instrumentation are "safe" and will be easily

recognized by the operators during operation because they are revealed by
an alarm or a scram,

The channels listed in Tables 4.1.A and 4,1.B are divided into three
groups for functional testing. These are:

A. On-Off sensors that provide a scram trip function.

B. Analog devices coupled with bistable trips that provide a scram
function.

C. Devices which only serve a useful function during some restricted
mode of operation, such as STARTUP, or for which the
only practical test is one that can be performed et SHUTDOWN.

The sensors that make up group (A) are specifically selected from among
the whole family of industrial on-off sensors that have earned an
excellent reputation for reliable operation. Puring design, a goal of
0.99992 probability of success (at the 50 percent confidence level) was
adopted to assure that a balanced and adequate design is achieved. The
probability of success is primarily a function of the sensor failure rate
and the test interval. A three-month test interval was planned for group
(A) sensors. This is in keeping with good operating practices, and

satisfies the design goal for the logic configuration utilized in the
Reactor Protection System.

The once per six-month functional test frequency for the scram pilot air
header low pressure trip function is acceptable due to:

i The functional reliability previously demonstrated by these switches
on Unit 2 during Cycles 6 and 7,

K The need for minimizing the radiation exposure associated with the
functional testing of these switches, and

3. The increased risk to plant availability while the plant is in a
half-scram condition during the performance of the functional testing
versus the limited increase in reliability that would be obtained by
more frequent functional testing.

BFN 3.1/4.1-17
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Experience with passive type instruments in generating stations and
substations indicates that the specified calibrations are adequate. For
those devices which employ amplifiers, etc., drift specifications call for
drift to be less than 0.4 percent/month; i.e., in the period of a month a
drift of 0.4-percent would occur thus providing for adequate margin,

For the APRM system drift of electronic apparatus is not the only
consideration in determining a calibration frequency. Change in power
distribution and loss of chamber sensitivity dictate a calibration every
seven days. Calibration on this frequency assures plant operation at or
below thermal limits,

A comparison of Tables 4.1.A and 4.1.B indicates that two instrument
channels have been included in the latter table. These are: mode switch
in SHUTDOWN and manual scram. All of the devices or sensors associated
with these scram functions are simple on-off switches and, hence,
calibration during operation is not applicable, i.e., the switch {8 either
on or off.

The sensitivity of LPRM detectors decreases with exposure to nautron flux
at a slow and approximately constant rate. The APRM system, which uses
the LPRM readings to detect a change in thermal power, will be calibrated
every seven days using a heat balance to compensate for this change in
sensitivity. The RBM system uses the LPRM reading to detect a localized
change in thermal power. It applies a correction factor based on the APRM
output signal to determine the percent thermal power and therefore any
change in LPRM sensitivity is compensated for by the APRM calibration.
The technical specification limits of CMFLPD, CPR, and APLHGR are
determined by the use of the process computer or other backup methods,
These methods use LPRM readings and TIP data to determine the power
distribution.

Compensation in the process computer for changes in LPRM sensitivity will
oe made by performing a full core TIP traverse to update the computer
calculated LPRM correction factors every 1000 effective full power hours,

As a minimum the individual LPRM meter readings will be adjusted at the
beginning of each operating cycle before reaching 100 percent power,
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In addition to reactor protection instrumentation which initiates a
reactor scram, protective instrumentation has been provided which
initiates action to mitigate the consequences of accidents which are
beyord the operator's ability to control, or terminates operator errors
before they result in serious consequences. This set of specifications
provides the limiting conditions of operation for the primary system
isolation function, initiation of the core cooling systems, control rod
block and standby gas treatment systems, The objectives of the
Specifications are (i) to assure the effectiveness of the protective
instrumentation when required by preserving its capability to tolerate a
single failure of any component of such systems even during periods when
portions of such systems are out of service for maintenance, and ({i) to
prescribe the trip settings required to assure adequate performance.
When necessary, one channel may be made inoperable for brief intervals to
conduct required functional tests and calibrations.

Some of the settings on the instrumentation that initiate or control core
and containment cooling have tolerances explicitly stated where the high
and low values are both critical and may have a substantial effect on
safety. The setpoints of other instrumentation, where only the high or
low end of the setting has a direct bearing on safety, are chosen at a
level away from the normal operating range to prevent inadvertent
actuation of the safety system involved and exposure to abnormal
situations.

Actuation of primary containment valves is initiated by protective
instrumentation shown in Table 3.2.A which senses the conditions for
which isolation is required. Such instrumentation must be available
whenever PRIMARY CONTAINMENT INTEGRITY is required,.

The instrumentation which initiates primary system isolation is connected
in a dual bus arrangement.

The low water level instrumentation set to trip at 538 inches above
vessel zero closes isolation valves in the RHR System, Drywell and
Suppression Chamber exhausts and drains and Reactor Water Cleanup Lines
(Groups 2 and 3 isolation valves). The low reactor water level
instrumentation that is set to trip when reactor water level is 470
inches above vessel zero (Table 3.2.B) trips the recirculation pumps and
initiates the RCIC and HPCI systems.

The low water level instrumentation set to trip at » 398 inches above
vessel zero (Table 3.2.A) closes the Main Steam Isolation Valves, the
Main Steam Line Drain Valves, and the Reactor Water Sample Valves

(Group 1), These trip settings are adequate to prevent core uncovery in
the case of a btreak in the largest line assuming the maximum closing time.

The low reactor water level instrumentation that is set to trip when
reactor water level s ) 398 inchee above vessel zero (Table 3.2.B)
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In the event of a loss of the reactor building ventilation system, radiant
heating in the vicinity of the main steam lines raises the ambient
temperature above 200°F. The temperature increases can cause an
unnecessary main steam line isolation and reactor scram. Permission is
provided to bypass the temperature trip for four hours to avoid an
unnecessary plant transient and allow performance of the secondary
containment leak rate test or make repairs necessary to regain normal
ventilation,

Pressure instrumencation is provided to close the main steam isolation
valves in RUN Mode when the main steam line pressure drops below 825 psig.

The HPCI high flow and temperature instrumentation are provided to detect
a break in the HPCI steam piping. Tripping of this instrumentation
results in actuation of HPCI isolation valves. Tripping logic for the
high flow is a l-out-of-2 logic, and all sensors are required to be
OPERABLE .

High temperature in the vicinity of the HPCI equipment is sensed by

four sets of four bimetallic temperature switches. The 16 temperature
switches are arranged in two trip systems with eight temperature switches
in each trip system. Each trip system consists of two channels. Each
channel contains one temperature switch located in the pump room and three
temperature switches located in the torus area. The RCIC high flow and
high area temperature sensing instrument channels are arranged in the same
manner as the HPCI system.

The HPCI high steam flow trip setting of 90 psid and the RCIC high steam
flow trip setting of 450" H,0 have been selected such that the trip
setting is high enough to prevent spurious tripping during pump startup
but low enough to prevent core uncovery and maintain fission product
releases within 10 CFR 100 limits.

The HPCI and RCIC steam line space temperature switch trip settings are
high enough to prevent spurious isolation due to normal temperature
excursions in the vicinity of the steam supply piping. Additionally,
these trip settings ensure that the primary containment isolation e*-am
supply valves isolate a breesk within an acceptable time period to prevent
core uncovery and maintain fission product releases within 10 CFR 100
limits,

High temperature at the Reactor Water Cleanup (RWCU) System in the main
steam valve vault, RWCU pump room 2A, RWCU pump room 2B, RWCU heat
exchanger room or in the space near the pipe trench containing RWCU piping
could indicate a break in the cleanup system. When high temperature
occurs, the cleanup system is isolated.
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2.

The control rod housing support restricts the outward movement
of a control rod to less than three inches in the extremely
remote event of a housing failure., The amount of reactivity
which could be added by this small amount of rod withdrawal,
which is less than a normal single withdrawal increment, will
not contribute to any damage to the primary coolant system.
The design basis is given in subsection 3.5.2 of the FSAR and
the safety evaluation is given in subsection 3.5.4. Tais
support is not required if the reactor coolant system is at
atmospheric pressure since there would then be no driving force
to rapidly eject a drive housing. Additionally, the support is
not required if all control rods are fully inserted and if an
adequate shutdown margin with one control rod withdrawn has
been demonstrated, since the reactor would remain subcritical
even in the event of complete ejection of the strongest control
rod.

The Rod Worth Minimizer (RWM) restricts withdrawals and
insertions of control rods tc prespecified sequences. All
patterns associated with these sequences have the
characteristic that, assuming the worst single deviation from
the sequence, the drop of any control rod from the fully
inserted position to the position of the control rod drive
would not cause the reactor to sustain a power excursion
resulting in any pellet average enthalpy in excess of 280
~ziories per gram. An enthalpy of 280 calories per gram is
well below the level at which rapid fuel dispersal could occur
(1.e., 425 calories per gram). Primary system damage in this
accident is not possible unless a significant amount of fuel is
rapidly dispersed. Reference Sections 3.6.6, 7.16.5.3, and
14.6.2 of the FSAR, and NEDE-24011-P-A, Amendment 17.

In performing the function described above, the RWM is not
required to impose any restrictions at core power levels in
excess of 10 percent of rated. Material in the cited reference
shows that it is impossible to reach 280 calories per gram in
the event of a control rod drop occurring at power greater than
10 percent, regardless of the rod pattern., This is true for
all normal and abnormal patterns including those which maximize
individual control rod worth.
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5. The Rod Block Monitor (RBM) is designed to automaticaliy prevent
fuel damage in the event of erroneous rod withdrawal from
locations of high power density during high power level
operation. Two RBM channels are provided, and one of these may
be bypassed from the console for maintenance and/or testing.
Automatic rod withdrawal blocks from one of the channels will
block erroneous rod withdrawal soon enough to prevent fuel
damage. The specified restrictions with one channel out of
service conservatively assure that fuel damage will not occur
due to rod withdrawal errors when this condition exists.

C. Scram Insertion Times

The control rod system is designed to bring the reactor subcritical at a |
rate fast enough to prevent fuel damage; 4i.e., to prevent the MCPR from
becoming less than 1.07. The limiting power transients are given in I
Reference 1. Analysis of these transients shows that the negative
reactivity rates resulting from the scram with the average response of

all drives as given in the above specifications provide the required |
protection and MCPR remains greater than 1.07.

On an early BWR, some degradation of control rod scram performance
occurred during plant STARTUP and was determined to be caused by
particulate material (probably construction debris) plugging an internal
control rod drive filter. The design of the present control rod drive
(Model YRDB144B) is grossly improved by the relocation of the filter to a
location out of the scram drive path; i.e., it can no longer interfere
with scram performance, even if completely blocked.

The degraded performance of the original drive (CRD7RDB144A) under dirty
operating conditions and the insensitivity of the redesigned drive
(CRD7RDB144B) has been demonstrated by a series of engineering tests
under simulated reactor operating conditions. The successful performance
of the new drive under actual operating conditions has also been
demonstrated by consistently good in-service test results for plants
using the new drive and may be inferred from plants using the older model

BFN 3.3/4.3-17
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drive with a modified (larger screen size) internal filter which is less
prone to plugging. Data has been documented by surveillance reports in
various operating plants. These include Oyster Creek, Monticello,
Dresden 2, and Dresden 3. Approximately 5000 drive tests have been
recorded to date.

Following identification of the "plugged filter" problem, very fregquent
Scram tests were necessary to ensure proper performance. However, the
more frequent scram tests are now considered totally unnecessary and
unwise for the following reascns:

3 Erratic scram performance has been identified as due to an
obstructed drive filter in type "A" drives. The drives in BFNP are

of the new "B" type design whose scram performance is unaffected by
filter condition.

P The dirt load is primarily released during STARTUP of the reactor
when the reactor and its systems are first subjected to flows and
pressure and thermal stresses. Special attention and measures are
now being taken to assure cleaner systems. Reactors with drives
identical or similar (shorter stroke, smaller piston areas) have
operated through many refueling cycles with no sudden or erratic
changes in scram performance. This preoperational and STARTUP
testing is sufficient to detect anomalous drive performance.

3. The 72-hour outage limit which initiated the start of the frequent
scram testing is arbitrary, having no logical basis other than
quantifying a "major outage" which might reasonably be caused by an
event so severe as to possibly affect drive performance. This
requirement is unwise because it provides an incentive for shortcut
actions to hasten returning "on line" to avoid the additional
testing due a 72-hour outage.
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Reactivity Anomalies

During each tuel cycle excess operative reactivity varies as fuel
depletes and as any burnable poison in supplementary control is
burned. The magnitude of this excess reactivity may be inferred
from the critical rod configuration. As fuel burnup progresses,
anomalous behavior in the excess reactivity may be detected by
comparison of the critical rod patter.. at selected base states to
the predicted rod inventory at that state. Power operating base
conditions provide the most sensitive and directly interpretable
data relative to core reactivity. Furthermore, using power
operating base conditions permits frequent reactivity comparisons.

Requiring a reactivity comparison at the specified frequency assures
that a comparison will be made before the core reactivity change
exceeds 1 percent AK. Deviations in core reactivity greater than

1 percent AK are not expected and require thorough evaluation. One
percent reactivity limit is considered safe since an insertion of
one percent reactivity into the core would not lead to transients
exceeding design conditions of the reactor system.

No BASES provided for this specification

Scram Discharge Volume

The nominal stroke tim2 for the scram discharge volume vent and
drain valves is ¢ 30 seconds following a scram. The purpose of
these valves is to limit the quantity of reactor water discharged
after a scram and no direct safety function is performed. The
surveillance for the valves assures that system drainage is not
impeded by a valve which fails to open and that the valves are
OPERABLE and capable of closing upon a scram,

References

1'

BFN
Unit 2

Generic Reload Fuel Application,
Licensing Topical Report, NEDE-24011-P-A and Addenda.
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3.5.A. Core Spray System (CSS) and 3.5.B Residual Heat Removal Sy tem (RHRS)

Analyses presented in the FSAR* and analyses presented in con‘ormance
with 10 CFR 50, Appendix K, demonstrated that the core spray system in
conjunction with two LPCI pumps provides adequate cooling to the core to
dissipate the energy associated with the loss-of-coolant accident and to
limit fuel clad temperature to below 2,200°F which assures that core
geometry remains intact and to limit the core average clad metal-water
reaction to less than 1 percent. Core spray distribution has been shown
in tests of systems similar in design to BFNP to exceed the minimum |
requirements. In addition, cooling effectiveness has been demonstrated
at less than half the rated flow in simulated fuel assemblies with heater
rods to duplicate the decay heat characteristics of irradiated fuel.

The RHF 'CI mode) is designed to provide emergency cooling to the core
by floc .ag in the event of a loss-of-coolant accident. This system ia
completely independent of the core spray system; however, it does
function in combination with the core spray system to prevent excessive
fuel clad temperature. The LPCI mode of the RHRS and che core spray
system provide adequate cooling for break areas of approximately 0.2
square feet up to and including the double-ended ricirculation line break
without assistance from the high-pressure emergency core cooling
subsystems.

The intent of the CSS and RHRS specifications is to not allow startup
from the cold condition without all associated equipment being OPERABLE.
However, during operation, certain components may be out of service for
the specified allowable repair times. The allowable repair times have
been selected using engineering judgment based on experiences and
supported by availability analysis.

Should one core spray loop become inoperable, the remaining core spray
loop, the RHR System, and the diesel generators are required to be
OPERABLE should the need for core cooling arice. These provide extensive
margin over the OPERABLE equipment needed for adequate core cooling.

With due regard for this margin, the allowable repair time of seven days
was chosen.

Should one RHR pump (LPCI mode) become inoperable, three RHR pumps

(LPCI mode) and the core spray system are available. Since adequate core
cooling is assured with this complement of ECCS, a seven day repair
period is justified.

Should two RHR pumps (LPCI mode) become inoperable, there remains no
reserve (redundant) capacity within the RHRS (LPCI mode). Therefore, the
affected unit shall be placed in cold shutdown within 24 hours.

*A detajled functional analysis is given in Section 6 of the BFNP FSAK.
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With the RCICS inoperable, a seven-day period to return the system to
service is justified based on the availability of the HPCIS to cool

the core and upon consideration that the average risk associated with
failure of the RCICS to cool the core when required is not increased.

The surveillance requiremen*s, which are based on industry codes and

standards, provide adequar. assurance that the RCICS will be OPERABLE
when required,

Automatic Depressurization System (ADS)

The ADS consists of six of the thirteen relief valves. It is designed
to provide depressurization of the reactor coclant system during a
small break loss of coolant accident (LOCA) if HPCI fails or is unable
to maintain the required water level in the reactor vessel. ADS
operation reduces the reactor vessel pressure to within the operating
pressure range of the low pressure emergency core cooling systems
(core spray and LPCI) so that they can operate to protect the fuel
barrier. Specification 3.5.C applies only to the automatic feature of
the pressure relief system,

Specification 3.6.D specifies the requirements for the pressure relief
function of the valves. It is possible for any number of the valves
assigned to the ADS to be incapable of performing their ADS functions
because of instrumentation failures, yet be fully capable of
performing their pressure relief function.

The emergency core cooling system LOCA analyses for small line breaks
assumed that four of the six ADS valves were OPERABLE. By requiring
six valves to be OPERABLE, additional conservatism is provided to
account for the possibility of a single failure in the ADS system.

Reactor operation with one of the six ADS valves inoperable is allowed
to continue for fourteen days provided the HPCI, core spray, and LPCI
systems are OPERABLE. Operation with more than one ADS valve
inoperable is not acceptable,.

With one ADS valve known to be incapable of automatic operation, five
valves remain OPERABLE to perform the ADS function., This condition is
within the analyses for a small break LOCA and the peak clad
temperature is well below the 10 CFR 50.46 limit. Analysis has shown
that four valves are capable of depressurizing the reactor rapidly
enough to maintain peak clad temperature within acceptable limits,

Maintenance of Filled Discharge Pipe

If the discharge piping of the core spray, LPCI, HPCIS, and RCICS are
not filled, a water hammer can develop in this piping when the pump
and/or pumps are started. 7o minimize damage to the discharge piping
and to ensure added margin in the operation of these systems, this
Technical Specification requires the discharge lines to be filled
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The LHGR shall be checked daily during reactor operation at

2 25 percent power to determine if fuel burnup, or control rod
movement has caused changes in power distribution. For LHGR to be a
limiting value below 25 percent of rated thermal power, the largest
total peaking would have to be greater than approximately 9.7 which
is precluded by a considerable margin when employing any permissible
contrel rod pattern.

Minimum Critical Power Ratio (MCPR)

At core thermal power levels less than or equal to 25 percent, the
reactor will be operating at minimum recirculation pump speed and the
moderator void content will be very small. For all designated
control rod patterns which may be employed at this point, operating
plant experience and thermal hydraulic analysis indicated that the
resulting MCPR value is in excess of requirements by a considerable
margin. With this low void content, any inadvertent core flow
increase would only place operation in a more conservative mode
relative to MCPR. The daily requirement for calculating MCPR above
25 percent rated thermal power is sufficient since power distribution
shifts are very slow when there have not been significant power or
control rod changes. The requirement for calculating MCPR when a
limiting control rod pattern is approached ensures that MCPR will be
known following a change in power or power shape (regardless of
magnitude) that could place operation at a thermal limit,

APRM Setpoints

Operation is constrained to the LHGR limit of Specification 3.5.J.
This limit is reached when core maximum fraction of limiting power
density (CMFLPD) equals 1.0. For the case where CMFLPD exceeds the
fraction of rated thermal power, operation is permitted only at less
than 100-percent rated power and only with APRM scram settings as
required by Specification 3.5.L.1. The scram trip setting and rod
block trip setting are adjusted to ensure that no combination of
CMFLPD and FRP will increase the LHGR transient peak beyond that
allowed by the l-percent plastic strain limit. A six-hour time
period to achieve this condition is justified since the additional
margin gained by the setdown adjustment is above and beyond that
ensured by the safety analysis.

Core Thermal-Hydraulic Stability

The minimum margin to the onset of thermal-hydraulic instability
occurs in Region I of Figure 3.5.M-1. A manually initiated scram
upon entry into this region is sufficient to preclude core
oscillations which could challenge the MCPR safety limit.

Because the probability of thermal-hydraulic oscillations is lower

and the margin to the MCPR safety limit is greater in Region II than
in Region I of Figure 3.5.M-1, an immediate scram upon entry into the
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five gpm, as specified in 3.6.C, the experimental and analytical data
suggest a reasonable margin of safety that such leakage magnitude would
not result from a crack approaching the critical size for rapid
propagation. Leakage less than the magnitude specified can be detected
reasonably in a matter of a few hours utilizing the available leakage
detection schemes, and if the origin cannot be determined in a
reasonably short time, the unit should be shut down to allow further
investigation and corrective action.

The two gpm limit for coolant leakage rate increases over any 24-hour
period is a limit specified by the NRC (Reference 2). This limit
applies only during the RUN mode to avoid being penalized for the
expected coolant leakage increase during pressurization.

The total leakage rate consists of all leakage, identified and
unidentified, which flows to the drywell floor drain and equipment drain

sumps .

The capacity of the drywell floor sump pump is 50 gpm and the capacity
of the drywell equipment sump pump is also 50 gpm. Removal of 25 gpm
from either of these sumps can be accomplished with considerable margin.

REFERENCE

1. Nuclear System Leakage Rate Limits (BFNP FSAR Subsection 4.10)
2., Safety Evaluation Report (SER) on IE Bulletin 82-03

3.6.D/4.6.D Relief Valves

To meet the safety basis, 13 relief valves have been installed on the
unit with a total capacity of 84.1 percent of nuclear boiler rated steam
flow. The analysis of the worst overpressure transient, (3-second
closure of all main steam line isolation valves) neglecting the direct
scram (valve position scram) results in a maximum vessel pressure which,
if a neutron flux scram is assumed considering 12 valves OPERABLE,
results in adequate margin to the code allowable overpressure limit of
1,375 psig.

To meet operational design, the analysis of the plant isolation
transient (generator load reject with bypass valve failure to open)
shows that 12 of the 13 relief valves limit peak system pressure to a
value which is well below the allowed vessel overpressure of 1,375 psig.

Experience in relief valve operation shows that a testing of 50 percent
of the valves per year is adequate to detect failures or
deteriorations. The relief valves are benchtested every second
operating cycle Lo ensure that their setpoints are within the 4+ 1
percent tolerance. The relief valves are tested in place in accordance
with Specification 1.0.MM to establish that they will open and pass
steam,
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The requirements established above apply when the nuclear system can be
pressurized above ambient conditions. These requirements are applicable
at nuclear system pressures below normal operating pressures because
abnormal operational transients could poesibly start at these conditions
such that eventual overpressure relief would be needed. However, these
transients are much less severe, in terms of pressure, than those
starting at rated conditions. The valves need not be functional when the
veasel head is removed, since the nuclear system cannot be pressurized.

The relief valves are not required to be OPERABLE in the COLD SHUTDOWN
CONDITION. Overpressure protection is provided during hydrostatic tests
by two of the relief valves whose relief setting has been established in
conformance with ASME Section XI code requirements. The capacity of one
relief valve exceeds the charging capacity of the pressurization source
used during hydrostatic testing. Two relief valves are used to provide
redundancy.

REFERENCES
1. Nuclear System Pressure Relief System (BFNP FSAR Subsection 4.4)

2. "Protection Against Overpressure” (ASME Boiler and Pressure Vessel |
Code, Section III, Article 9)

3. Browns Ferry Nuclear Plant Design Deficiency Report--Target Rock |
Safety-Relief Valves, transmitted by J. E. Gilleland to F. E. Kruesi,
August 29, 1973

4. Generic Reload Fuel Application, Licensing Topical Report, |
NEDE-24011-P-A and Addenda

3.6.E/4.6 .E Jet Pumps

Failure of a jet pump nozzle assembly holddown mechanism, nozzle assembly
and/or riser, would increase the cross-sectional flow area for blowdown
following the design basis double-ended line break., Also, failure of the
diffuser would eliminate the capability to reflood the core to two-thirds
height level following a recirculation line break. Therefore, if a
failure occurred, repairs must be made.

The detection technique is as follows. With the two recirculation pumps
balanced in speed to within 4 5 percent, the flow rates in both
recirculation loops will be verified by control room monitoring
instruments. If the two flow rate values do not differ by more than

10 percent, riser and nozzle assembly integrity has been verified.
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If they do differ by 10 percent or mcre, the core flow rate measured by
the jet pump diffuser differential pressure system must be checked
against the core flow rate derived from the measured values of loop flow
to core flow correlation. If the difference between measured and derived
core flow rate is 10 percent or more (with the derived value higher)
diffuser measurements will be taken to define the location within the
vessel of failed jet pump nozzle (or riser) and the unit shut down for
repairs. If the potential blowdown flow area is increased, the system
resistance to the recirculation pump is also reduced; hence, the affected
drive pump will "run out" to a substantially higher flow rate
(approximately 115 percent to 120 percent for a single nozzle failure).
If the two loops are balanced in flow at the same pump speed, the
resistance characteristics cannot have changed. Any imbalance between
drive loop flow rates would be indicated by the plant process
instrumentation. In addition, the affected jet pump would provide a
leakage path past the core thus reducing the core flow rate. The reverse
flow through the inactive jet pump would still be indicated by a positive
differential pressure but the net effect would be a slight decrease

(3 percent to 6 percent) in the total core flow measured. This decrease,
together with the loop flow increase, would result in a lack of
correlation between measured and derived core flow rate. Finally, the
affected jet pump diffuser differential pressure signal would be reduced
because the backflow would be less than the normal forward flow.

A nozzle-riser system failure could also generate the coincident failure
of a jet pump diffuser body; however, the converse is not true. The lack
of any substantial stress in the jet pump diffuser body makes failure
impossible without an initial nozzle-riser system failure.

3.6.F/4.6.F Recirculation Pump Operation

Operation without forced recirculation is permitted for up to 12 hours
when the reactor is not in the RUN mode. And the start of a
recirculation pump from the natural circulation condition will not be
permitted unless the temperature difference between the loop to be
started and the core coolant temperature is less than 75°F. This reduces
the positive reactivity insertion to an acceptably low valte.

Requiring at least one recirculation pump to be OPERABLE while in the RUN
mode (i.e., requiring a manual scram if both recirculation pumps are
tripped) provides protection against the potential occurrence of core
thermal-hydraulic instabilities at low flow conditions.

Requiring the discharge valve of the lower speed loop to remain closed
until the speed of the faster pump is below 50 percent of its rated speed
provides assurance when going from one-to-two pump operation that
excessive vibration of the jet pump risers will not occur.
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3.6.6/4.6.6 Structural Integrity

The requirements for the reactor coolant systems inservice inspection
program have been identified by evaluating the need for a sampling
examination of areas of high stress and highest probability of failure in
the system and the need to meet as closely as possible the requirements
of Section YI, of the ASME Boiler and Pressure Vessel Code.

The program reflects the built-in limitations of access to the reactor
coolant systems.

It is intended that the required examinations and inspection be completed
during each 10-year Interval. The periodic examinations are to be done
during refueling outages or other extended plant shutdown periods.

Only proven nondestructive testing techniques will be used.

More frequent inspections shall be performed on certain circumferential
pipe welds as listed in plant procedures to provide additional protection
against pipe whip. These welds were selected in respect to their
distance from hangers or supports wherein a failure of the weld would
permit the unsupported segments of pipe to strike the drywell wall or
nearby auxiliary systems or control systems. Selection was based on
Judgment from actual plant observation of hanger and support locations
and review of drawings. Inspection of all these welds during each
10-year inspection interval will result in three additional examinations
above the requirements of Section XI of ASME Code.

REFERENCES
1. BFNP FSAR Subsection 4.12, Inservice Inspection and Testing

2. Inservice Inspection of Nuclear Reactor Coolant Systems, Section XI,
ASME Boiler and Pressure Vessel Code

3. ASME Boiler and Pressure Vessel Code, Section III (1968 Edition)

4. American Society for Nondestructive Testing No. SNT-TC-1A
(1968 Edition)
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Maintaining the water level between these levels will ensure that the torus
water volume and downcomer submergence are within the aforementioned limits
during normal plant operation. Alarms, adjusted for instrument error, will
notify the operator when the limits of the torus water level are approached,

The maximum permissible bulk pool temperature is limited by the potential for
stable and complete condensation of steam discharged from safety relief valves
and adequate core spray pump net positive suction head. At reactor vessel
pressures above approximately 555 psig, the bulk pool temperature shall not
exceed 180°F. At pressures below approximately 240 psig, the bulk temperature
may be as much as 184°F. At intermediate pressures, linear interpolation of
the bulk temperature is permitted.

They also represent the bounding upper limits that are used in suppression
pool temperature response analyses for safety relief valve discharge and
loss-of-coolant accident (LOCA) cases. The actions required by Specifications
3.7.C. - 3.7.F. assure the reactor can be depressurized in a timely manner to
avoid exceeding the maximum bulk suppression pool water limits. Furthermore,
the 184°F limit provides that adequate RHR and core spray pump NPSH will be
available without dependency on containment overpressure,

Should it be necessary to drain the suppression chamber, this should only be
done when there is no requirement for Core Standby Cooling Systems
OPERABILITY. Under full power operation conditions, blowdown from an initial
suppression chamber water temperature of 95°F results in a peak long term
water temperature which is sufficient for complete condensation.

Limiting suppression pool temperature to 105°F during RCIC, HPCI, or relief
valve operation when decay heat and stored energy is removed from the primary
system by discharging reactor steam directly to the suppression chamber
ensures adequate margin for controlled blowdown anytime during RCIC operation
and ensures margin for complete condensation of steam from the design basis
loss-of-coolant accident (LOCA).

In addition to the limits on temperature of the suppression chamber pool
water, operating procedures define the action to be taken in the event a
relief valve inadvertently opens or sticks open. This action would include:
(1) use of all available means to close the valve, (2) initiate suppression
pool water cooling heat exchangers, (3) initiate reactor shutdown, and (4) if
other relief valves are used to depressurize the reactor, their discharge
shall be separated from that of the stuck-open relief valve to assure mixing
and uniformity of energy insertion to the pool.

If a LOCA were to occur when the reactor water temperature is below
approximately 330°F, the containment pressure will not exceed the 62 psig code
permissible pressures even if no condensation were to occur. The maximum
allowable pool temperature, whenever the reactor is above 212°F, shall be
governed by this specification. Thus, specifying water volume-temperature
requirements applicable for reactor-water temperature above 212°F provides
additional margin above that available at 330°F.
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In conjunction with the Mark I Containment Short Term Program, a plant-unique
analysis was performed ("Torus Support Sylten and Attached Piping Analysis for
the Browns Ferry Nuclear Plant Units 1, 2, and 3," dated September 9, 1976 and
supplemented October 12, 1976) which dqnonatrated a factor of safety of at
least two for the weakest element in the suppression chamber support system
and attached piping. The maintenance of a drywell-suppression chamber
differential pressure of 1.1 psid and a suppression chamber water level
corresponding to a downcomer submergence range of 3.06 feet to 3.58 feet will
assure the integrity of the suppression chamber when subjected to
post-loss-of-coolant suppression pool hydrodynamic forces.

Inerting

The relativity small containment volume inherent in the GE-BWR pressure
suppression containment and the large amount of zirconium in the core are such
that the occurrence of a very limited (a-percent or so) reaction of the
zirconium and steam during a LOCA could lead to the liberation of hydrogen
combined with an air atmosphere to result in a flammable concentration in the
containment. If a sufficient amount of hydrogen is generated and oxygen is
available in stoichiometric quantities the subsequent ignition of the hydrogen
in rapid recombination rate could lead to failure of the containment to
maintain a low leakage integrity. The ¢4 percent hydrogen concentration
minimizes the possibility of hydrogen combustion following a LOCA.

The occurrence of primary system leakage following a major refueling outage or
other scheduled shutdown is much more probable than the occurrence of the LOCA
upon which the specified oxygen concentration limit is based. Permitting
access to the drywell for leak inspections during a startup is judged prudent
in terms of the added plant safety offered without significantly reducing the
margin of safety. Thus, to preclude the possibility of starting the reactor
and operating for extended periods of time with significant leaks in the
primary system, leak inspections are scheduled during startup periods, when
the primary system is at or near rated operating temperature and pressure,

The 24-hour period to provide inerting is judged to be sufficient to perform
the leak inspection and establish the required oxygen concentration.

To ensure that the hydrogen concentration is maintained less than 4 percent
following an accident, liquid nitrogen is maintained onsite for containment
atmosphere dilution. About 2,260 gallons would be sufficient as a seven-day
supply, and replenishment facilities can deliver liquid nitrogen to the site
within one day; therefore, a requirement of 2,500 gallons is conservative.
Following a LOCA, the Containment Air Monitoring (CAM) System continuously
monitors the hydrogen concentration of the containment volume., Two
independent systems are capable of sampling and monitoring hydrogen
concentration in the drywell and the torus, Each sensor and associated
circuit is periodically checked by a calibration gas to verify operation.
Failure of one system does not reduce the ability to monitor the hydrogen
concentration in the drywell or torus atmosphere as a second independent and
redundant system will still be OPERABLE.
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Vacuum Relief e

The purpose of the vacuum relief valves is 10 equalize the pressure between
the drywell and suppression chamber and reactor building so that the
structural integrity of the containment ig maintained. The vacuum relief
system from the pressure suppression chamber to reactor building consists of
two 100-percent vacuum relief breakers (two parallel sets of two valves in
series). Operation of either system will maintain the pressure differential
less than 2 psig; the external design pressure. One reactor building vacuum
breaker may be out of service for repairs for a period of seven days. If
repairs cannot be completed within seven days, the reactor coolant system is
brought to a condition where vacuum relief is no longer required.

When a drywell-suppression chamber vacuum breaker valve is exercised through
an opening-closing cycle the position indicating lights in the control room
are designed to function as specified below:

Initial and Final Check - On (Fully Closed)
Condition Green - On

Red -~ Off

Opening Cycle Check - Off (Cracked Open)
Green - Off (> 80° Open)
Red - On (> 3° Open)

Closing Cycle Check - On (Fully Closed)
Green - On (¢ 80° Open)
Red -~ Off (< 3° Open)

The valve position indicating lights consist of one check light on the check
light panel which confirms full closure, on2 green 1ight next to the hand
switch which confirms 80° of full opening and one red light next to the hand
switch which confirms "near closure" (within 3° of fill closure)., Each light
is on a separate switch., If the check light circuit is OPERABLE when the
valve is exercised by its air operator there exists a confirmation that the
valve will fully close. If the red light circuit is OPERABLE, there exists a
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The objective of this specification is to assure an adequate source of
electrical power to operate facilities to cool the units during shutdown
and to operate the engineered safeguards following an accident. There
are three sources of alternating current electrical energy avajlable,
namely, the 161-kV transmission system, the 500-kV transamission system,
and the diesel generators.

The unit station-service transformer B for unit 1 or the unit
station-service transformer B for unit 2 provide noninterruptible sources
of offsite power from the 500-kV transmission system to the units 1 and 2
shutdown boards. Auxiliary power can also be supplied from the 161-kV
transmigsion system through the common station-service transformers or
through the cooling tower transformers by way of the bus tie board. The
4-kV bus tie board may remain out of service indefinitely provided one of
the required offsite power sources is not supplied from the 161-kV system
through the bus tie board.

The minimum fuel oil requirement of 35,280 gallons for each diesel
generator fuel tank assembly is sufficient for seven days of full load
operation of each diesel and is conservatively based on availability of a
replenishment supply. Each diese] generator has its own independent
7-day fuel oil storage tank asseubly.

The degraded voltage sensing relays provide a start signal to the diesel
generators in the event that a deteriorated voltage condition exists on a
4-kV shutdown board. This starting signal is independent of the starting
signal generated by the complete loss of voltage relays and will continue
to function and start the diesel generators on complete loss of voltage
should the loss of voltage relays become inoperable. The 15-day
inoperable time limit specified when one of the three phase-to-phase
degraded voltaje relays is inoperable is justified based on the
two-out-of-three permissive logic scheme provided with these relays,

A 4-kV shutdown boaid is allowed to be out of operation for a brief
period to allow for maintenance and testing, provided all remaining 4-kV
shutdown boards and associated diesel generators, CS, RHR, (LPCI and
containment cooling) systems supplied by the remaining 4-kV shutdown
boards, and all emergency 480-V power boards are OPERABLE.

The 480-V diesel auxiliary board may be out of service for short periods
for tests and maintenance.

There is a safety related 250-V dc unit battery located in each unit.
Each 250-V dc unit battery system consists of a battery, a battery
charger, and a distribution panel. There is alsc a backup charger which
can be assigned to any one of the three unit batteries. The 250-V de
unit battery systems provide power for unit control functions, unit DC
motor loads and alternate control power to the 4160 and 480-V ac shutdown
boards. The primary control power supplies to the 3A, 3C and 3D 4160-V
ac shutdown boards and the Unit 3 480-V ac shutdown boards are also
provided by unit batteries. There are five safety related 250-V dc¢
shutdown battery systems assigned as primary control power supplies to
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subcritical even when the highest worth control rod is fully
withdrawn., The combination of refueling interlocks for control rods
and the refueling platform provide redundant methods of preventing
inadvertent criticality even after procedural violations. The
interlocks on hoists provide yet another method of avoiding
inadvertent criticality.

Fuel handling is normally conducted with the fuel grapple hoist. The
total load on this hoist when the interlock is required consists of
the weight of the fuel grapple and the fuel assembly. This total is
approximately 1,500 lbs, in comparison to the load-trip setting of
1,000 ibs. Provisions have also been made to allow fuel handling
with either of the three auxiliary hoists and still maintain the
refueling interlocks. The 400-1b load-trip setting on these hoists
is adequate to trip the interlock when one of the more than 550-1b
fuel bundles is being handled.

During certain periods, it is desirable to perform maintenance on two
contrel rods and/or control rod drives at the same time without
removing fuel from the cells. The maintenance is performed with the
mode switch in the refuel position to provide the refueling
interlocks normally available during refueling operations. In order
to withdraw a second control rod after withdrawal of the first rod,
it is necessary to bypass the refueling interlock on the first
control rod which prevents more than one control rod from being
withdrawn at the same time. The requirement that an adequate
shutdown margin be demonstrated and that all remaining control rods
have their directional control valves electrically disarmed ensures
that inadvertent criticality cannot occur during this maintenance.
The adequacy of the shutdown margin is verified by demonstrating that
at least 0.38 percent Ak shutdown margin is available. Disarming the
directional control valves does not inhibit control rod scram
capability,

Specification 3,10.A.7 allows unloading of a significant portion of
the reactor core. This operation is performed with the mode switch
in the REFUEL position to provide the refueling interlocks normally
available during refueling operations., In order to withdraw more
than one control rod, it is necessary to bypass the refueling
interlock on each withdrawn control rod which prevents more than one
control rod from being withdrawn at a time., The requirement that the
fuel assemblies in the cell controlled by the control rod be removed
from the reactor core before the interlock can be bypassed ensures
that withdrawal of another control rod does not result in inadvertent
criticality. Each control rod provides primary reactivity control
for the fuel assemblies in the cell associated with that control rod.

Thus, removal of an entire cell (fuel assemblies plus control rod)
results in a lower reactivity potential of the core. The
requirements for SRM OPERABILITY during these CORE ALTERATIONS assure
sufficient core monitoring.
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3.10.F

Although single failure protection has been provided in the design of
the 125-ton hoist drum shaft, wire ropes, hook and lower block assembly
on the reactor building crane, the limiting of 1ift height of a spent
fuel cask controls the amount of energy available in a dropped cask
accident when the cask is over the refueling floor.

An analysis has been made which shows that the floor and support
members in the area of cask entry into the decontamination facility can
satisfactorily sustain a dropped cask from a height of three feet.

The yoke safety links provide single failure protection for the hook
and lower block assembly and limit cask rotation. Cask rotation is
necessary for decontamination and the safety .inks are removed during
decontamination.

4.10 BASES

A.

BFN
Unit 2

Refueling Interlocks

Complete functional testing of all required refueling equipment
interlocks before any refueling outage will provide positive indication
that the interlocks operate in the situations for which they were
designed. By loading each hoist with a weight equal to the fuel
assembly, positioning the refueling platform, and withdrawing control
rods, the interlocks can be subjected to valid operational tests.

Where redundancy is provided in the logic circuitry, tests can be
performed to assure that each redundant logic element can independently
perform its function.

Core Monitoring

Requiring the SRMs to be functionally tested prior to any CORE
ALTERATION assures that the SRMs will be OPERABLE at the start of that
alteration. The once per 12 hours verification of the SRM count rate
and signal-to-noise ratio ensures their continued OPERABILITY.
REFERENCES

Fuel Pool Cooling and Cleanup System (BFNP FSAR Subsection 10.5)

2 Spent Fuel Storage (BFNP FSAR Subsection 10,3)
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1.1 BASES: FUEL CLADDING INTEGRITY SAFETY LIMIT

The fuel cladding represents one of the physical barriers which
separate radiocactive materials from environs. The integrity of this
cladding barrier is related to its relative freedom from
perforations or cracking. Although some corrosion or use-related
cracking may occur during the life of the cladding, fission product
migration from this source is incrementally cumulative and
continuously measurable. Fuel cladding perforations, however, can
result from thermal stresses which occur from reactor operation
significantly above design conditions and the protection system
setpoints. While fission product migration from cladding
perforation is just as measurable as that from use-related cracking,
the thermally-caused cladding perforations signal a threshold,
beyond which still greater thermal stresses may cause gross rather
than incremental cladding deterioration. Therefore, the fuel
cladding safety limit is defined in terms of the reactor operating
conditions which can result in cladding perforation.

The fuel cladding integrity limit is set such that no calculated
fuel damage would occur as a result of an abnormal operational
transient. Because fuel damage is not directly observable, the Fuel
Cladding Safety Limit is defined with margin to the conditions which
would produce onset transition boiling (MCPR of 1.0). This
establishes a Safety Limit such that the minimum critical power
ratio (MCPR) is no less than 1.07. MCPR > 1.07 represents a
conservative margin relative to the conditions required to maintain
fuel cladding integrity.

Onset of transition boiling results in a decrease in heat transfer
from the clad and, therefore, elevated clad temperature and the
possibility of clad failure. Since boiling transition is not a
directly observable parameter, the margin to boiling transition is
calculated from plant operating parameters such as core power, core
flow, feedwater temperature, and core power distribution. The
margin for each fuel assembly is characterized by the critical power
ratio (CPR) which is the ratio of the bundle power which would
produce onset of transition boiling divided by the actual bundle
power. The minimum value of this ratio for any bundle in the core
is the minimum critical power ratio (MCPR). It is assumed that the
plant operation is controlled to the nominal protective setpoints
via the instrumented variables, i.e., normal plant operation
presented on Figure 2.1-1 by the nominal expected flow control

line. The Safety Limit (MCPR of 1.07) has sufficient conservatism
to assure that in the event of an abnormal operational transient
initiated from a normal operating condition (MCPR > limits specified
in Specification 3.5.K) more than 99.9 percent of the fuel rods in
the core are expected to avoid boiling transition. The margin
between MCPR of 1.0 (onset of transition boiling) and the safety
limit 1.07 is derived from a detailed statistical analysis
considering all of the uncertainties in monitoring the core
operating state including uncertainty in the boiling transition
correlation as described in Reference 1. The uncertainties employed
in deriving the safety limit are provided at the beginning of each
fuel cycle.
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Because the boiling transition correlation is based on a large
quantity of full scale data there is a very high confidence that
operation of a fuel assembly at the condition of MCPR = 1.07 would
not produce boiling transition. Thus, although it is not required
to establish the safety limit additional margin exists between the
safety limit and the actual occurrence of loss-of-cladding integrity.

However, if boiling transition were to occur, clad perforation would
not be expected. Cladding temperatures would increase to
approximately 1,100°F which is below the perforation temperature of l
the cladding material This has been verified by tests in the

General Electric Test Reactor (GETR) where fuel similar in design to
BFNP operated above the critical heat flux for a significant period

of time (30 minutes) without clad perforation.

If reactor pressure should ever exceed 1,400 psia during normal I
power operation (the limit of applicability of the boiling

transition correlation) it would be assumed that the fuel cladding
integrity Safety Limit has been violated.

At pressures below 800 psia, the core elevation pressure drop

(0 power, 0 flow) is greater than 4.56 psi. At low powers and flows
this pressure differential is maintained in the bypass region of the
core. Since the pressure drop in the bypass region is essentially

all elevation head, the core pressure drop at low power and flows 1
will always be greater than 4.5 psi. Analyses show that with a flow 1
of 28x10° lbs/hr bundle flow, bundle pressure drop ie nearly
independent of bundie power and has a value of 3.5 psi. Thus, the
bundls flow with a 4.56 psi driving head will be greater than

28x10° 1bs/hr. Full scale ATLAS test data taken at pressures from
14,7 psia to 800 psia indicate that the fuel assembly critical power
at this flow is approximately 3.35 MWt. With the design peaking
factors this corresponds to a core thermal pover of more than 50
percent. Thus, a core thermal power limit of 25 percent for reactor
pressures below 800 psia is conservative.

For the fuel in the core during periods when the reactor is shut
down, consideration must also be given to water level requirements
due to the effect of decay heat. If water level should drop below
the top of the fuel during this time, the ability to remcve decay
heat is reduced. This reduction in cooling capability could lead to
elevated cladding temperatures and clad perforation. As long as the
fuel remains covered with water, sufficient cooling is available to
prevent fuel clad perforation.
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Analyses of the limiting transients show that no scram
adjustment is required to assure MCFR > 1.07 when the transient
is initiated from MCPR limits specified in Specification 3.5.k.

2. APRM Flux Scram Trip Setting (REFUEL or STARTUP/HOT STANDBY MODE)

For operation in the startup mode while the reactor is at low
pressure, the APRM scram setting of 15 percent of rated power
provides adequate thermal margin between the setpoint and the
safety limit, 25 percent of rated. The margin is adequate to
accommodate anticipated maneuvers associated with power plant
startup. Effects of increasing pressure at zero or low void
content are minor, cold water from sources available during
startup is not much colder than that already in the system,
temperature coefficients are small, and control rod patterns are
constrained to be uniform by operating procedures backed up by
the rod worth minimizer, Worth of individual rods ‘s very low
in a uniform rod pattern. Thus, of all possible sources of
reactivity input, uniform control rod withdrawal is the most
probable cause of significant power rise. Because the flux
distribution associated with uniform rod withdrawvals does not
involve high local peaks, and because several rods must be moved
to change power by a significant percentage of rated power, the
rate of power rise is very slow. Generally, the heat flux is in
near equilibrium with the fission rate., In an assumed uniform
rod withdrawal approach to the scram level, the rate of power
rise is no more than 5 percent of rated power per minute, and
the APRM system would be more than adequate to assure a scram
before the power could exceed the safety limit. The 15 percent
APRM scram remains active until the mode switch is placed in the
RUN position. This switch occurs when reactor pressure is
greater than 850 psig.

3. IRM Flux Scram Trip Setting

The IRM System consists of eight chambers, four in each of the |
reactor protection system logic channels. The IRM is a
five-decade instrument which covers the range of pewer level
between that covered by the SRM and the APRM, The five decades
are covered by the IRM by means of a range switch and the five
decades are broken down into 10 ranges, each being one-half of a
decade in size. The IRM scram setting of 120 divisions is

active in each range of the IRM. For example, if the instrument
was on range 1, the scram setting would be 120 divisions for

that range; likewise if the instrument was on range 5, the scram
setting would be 120 divisions for that range. |

4
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IRM Flux Scram Trip Setting (Continued)

Thus, as the IRM is ranged up to accommodate the increase in
power level, the scram setting is also ranged up., A scram at
120 divisions on the IRM instruments remains in effect as long
as the reactor is in the startup mode. In addition, the APRM

15 percent scram prevents higher power operation without being
in the RUN mode. The IRM scram provides protection for changes
which occur both leocally and over the entire core. The most
significant sources of reactivity change during the power
increase are due to control rod withdrawal. For insequence
control rod withdrawal, the rate of change of power is slow
enough due to the physical limitation of withdrawing control
rods that heat flux is in equilibrium with the neutron flux. An -
IRM scram would result in a reactor shutdown well before any
SAFETY LIMIT is exceeded. For the case of & single control rod
withdrawal error, a range of rod withdrawal accidents was
analyzed. This analysis included starting the accident at
various power levels. The most severe case involves an initial
condition in which the reactor is just subcritical and the IRM
system is not yet on scale. This condition exists at quarter
rod density. Quarter rod density is discussed in

paragraph 7.5.5.4 of the FSAR, Additional conservatism was
taken in this analysis by assuming that the IRM channel closest
to the withdrawn rod is bypassed. The results of this analysis
show that the reactor is scrammed and peak power limited to one
percent of rated power, thus maintaining MCPR above 1.07. Based
on the above analysis, the IRM provides protection against local
control rod withdrawal errors and continuous withdrawal of
control rods in sequence.

4., Fixed High Neutron Flux Scram Trip

The average power range monitoring (APRM) system, which is
calibrated using heat balance data taken during steady-state
conditions, reads in percent of rated power (3,293 MWt), The
APRM system responds directly to neutron flux. Licensing
analyses have demonstrated that with a neutron flux scram of 120
percent of rated power, none of the abnormal operational
transients analyzed violate the fuel SAFETY LIMIT and there is a
substantial margin from fuel damage.

B.  APRM Control Rod Block

Reactor power level may be varied by moving control rods or by
varying the recirculation flow rate. The APRM system provides a
control rod block to prevent rod withdrawal beyond a given point at
constant recirculation flow rate and thus prevents scram actuation.
This rod block trip setting, which is automatically varied with
recirculation loop flow rate, prevents an increase in the reactor
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Fo

G.

&

(Deleted) o
H. Main Steam Line Isolation on Low Pressure and Main Steam Line
Isclation Scram

The low pressure isolation of the main steam lines at 825 psig was
provided to protect against rapid reactor depressurization and the
resulting rapid cooldown of the vessel. The scram feature that
occurs when the main steam line isolation valves close shuts down
the reactor so that high power operation at low reactor pressure
does not occur, thus providing protection for the fuel cladding
integrity SAFETY LIMIT. Operation of the reactor at pressures lower
than 825 psig requires that the reactor mode switch be in the
STARTUP position, where protection of the fuel cladding integrity
SAFETY LIMIT is provided by the IRM and APRM high neutron flux
scrams. Thus, the combination of main steam line low pressure
isolation and isolation valve closure scram assures the availability
of neutron flux scram protection over the entire range of
applicability of the fuel clzdding integrity SAFETY LIMIT. In
addition, the isolation vaive closure scram anticipates the pressure
and flux transients that occur during normal or inadvertent
isolation valve closure, With the scrams set at 10 percent of valve
closure, neutron flux does not increase,.

I.J.& K. Reactor Low Water Level Setpoint for Initiation of HPCI and RCIC

BFN

Closing Main Steam Isclation Valves, and Starting LPCI and Core
Spray Pumps.
These systems maintain adequate coolant inventory and provide core
cooling with the objective of preventing excessive clad
temperatures. The design of these systems to adequately perform the
intended function is based on the specified low level scram setpoint
and initiation setpoints. Transient analyses reported in Section 14
of the FSAR demonstrate that these conditions result in adequate
safety margins for both the fuel and the system pressure.

References

1. Supplemental Reload Licensing Report of Browns Ferry Nuclear
Plant, Unit 3 (applicable cycle-specific document).

2, GE Standard Application for Reactor Fuel, NEDE-24011-P-A and
NEDE-24011-P-A-US (latest approved version).
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1.2 BASES
REACTOR COOLANT SYSTEM INTEGRITY

The safety limits for the reactor coolant system pressure have been
selected such that they are below pressures at which it can be shown that
the integrity of the system is not endangered. However, the pressure
safety limits are set high enough such that no foreseeable circumstances
can cause the system pressure to rise over these limits. The pressure
safety limits are arbitrarily selected to be the lowest transient
overpressures allowed by the applicable codes, ASME Boiler and Pressure
Vessel Code, Section III, and USAS Piping Code, Section B31.1.

The design pressure (1,250 psig) of the reactor vessel is eatablished
such that, when the 10 percent allowance (125 psi) allowed by the ASME
Boiler and Pressure Vessel Code Section IIl for pressure transients is
added to the design pressure, a transient pressure limit of 1,375 psig is
established.

Correspondingly, the design pressures (1,148 for suction and 1,326 for
discharge) of the reactor recirculation system piping are such that, when
the 20 percent allowance (230 and 265 psi) allowed by USAS Piping Code,
Section B31l.1 for pressure transients is added to the design pressures,
transient pressure limits of 1,378 and 1,591 psig are established. Thus,
the pressure safety limit applicable to power operation is established at
1,275 psig (the lowest transient overpressure allowed by the pertinent
codes), ASME Boiler and Pressure Vessel Code, Section IIl, and USAS
Piping Code, Section B31.1.

The current cycle's safety analysis concerning the most severe abnormal
operational transient resulting directly in a reactor coolant system
pressure increase is given in the reload licensing submittal for the
current cycle. The reactor vessel pressure code limit of 1,375 psig
given in subsection 4.2 of the safety analysis report is well above the
peak pressure produced by the overpressure transient described above.
Thus, the pressure safety limit applicable to power operation is well
above the peak pressure that can result due to reasonably expected
overpressure transients.

Higher design pressures have been established for piping within the
reactor coolant system than for the reactor vessel. These increased
design pressures create a consistent design which assures that, if the
pressure within the reactor vessel does not exceed 1,375 psig, the
pressures within the piping cannot exceed their respective transient
pressure limits due to static and pump heads.

The safety limit of 1,375 psig actually applies to any point in the
reactolr vesscl; however, because of the static water head, the highest
pressure point will occur at the bottom of the vessel. Because the

BFN 1.2/72.2-2
Unit 3



1.2 BASES (Cont'd)

pressure is not monitored at this point, it cannot be directly determined
if this safety limit has been violated. Also, because of the potentially
varying head level and flow pressure drops, an equivalent pressure cannot
be a priori determined for a pressure monitor higher in the vessel.
Therefore, following any transient that is severe enough to cause concern
that this safety limit was violated, a calculation will be performed

using all available information to determine if the safety limit was
violated.

REFERENCES

1. Plant Safety Analysis (BFNP FSAR Sections 14.0 and Appendix N)
2., ASME Boiler and Pressure Vessel Code Section III

3. USAS Piping Code, Section B31.1

4. Reactor Vessel and Appurtenances Mechanical Design (BFNP FSAR
Subsection 4.2)

5. Generic Reload Fuel Application, Licensing Topical Report,
NEDE-24011-P-A and Addenda.
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2.2 BASES
REACTOR COOLANT SYSTEM INTEGRITY

To meet the safety basis, 13 relief valves have been installed on the |
unit with a total capacity of 84.1 percent of nuclear boiler rated steam
flow. The analysis of the worst overpressure transient (3-second closure 4
of all main steam line isolation valves) neglecting the direct scram

(valve position scram) results in a maximum vessel pressure which, if a
neutron flux scram is assumed considering 12 valves operable, results in
adequate margin to the code allowable overpressure limit of 1,375 psig.

To meet operational design, the analysgis of the plant isolation transient
(generator load reject with bypass valve failure to open) shows that

12 of the 13 relief valves limit peak system pressure to a value which is
well below the allowed vessel overpressure of 1,375 psig.
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be accommodated which would result in slow scram times or partial control
rod insertion. To preclude this occurrence, level switches have been
provided in the instrument volume which alarm and scram the reactor when
the volume of water reaches 50 gallons., As indicated above, there is
sufficient volume in the piping to accommodate the scram without
impairment of the scram times or amount of insertion of the controi

rods. This function shuts the reactor down while sufficient volume
remains to accommodate the discharge water and precludes the situation in
which a scram would be required but not be able to perform its function
adequately.

A source range monitor (SRM) system is also provided to supply additional
neutron level information during startup but has no scram functions.
Reference Section 7.5.4 FSAR. Thus, the IRM is required in the REFUEL
(with any control rod withdrawn from a core cell containing one or more
fuel assemblies) and STARTUP Modes. In the power range the APRM system
provides required protection. Reference Section 7.5.7 FSAR. Thus, the
IRM System is not required in the RUN mode. The APRMs and the IRMs
provide adequate coverage in the STARTUP and intermediate range.

The high reactor pressure, high drywell pressure, reactor low water
level, low scram pilot air header pressure and scram discharge volume
high level scrams are required for STARTUP and RUN modes of plant

operation., They are, therefore, required to be operational for these
modes of reactor operation,

Because of the APRM downscale limit of ) 3 percent when 11 the RUN mode
and high level limit of (15 percent when in the STARTUP Mode, the
transition between the STARTUP and RUN Modes must be made with the APRM
instrumentation indicating between 3 percent and 15 percent of rated
power or a control rod scram will occur. In addition, the IEM system
must be indicating below the High Flux setting (120/125 of scale) or a
scram will occur when in the STARTUP Mode. For normal operating
conditions, these limits provide assurance of overlap between the IRM
system and APRM system so that there are no "gaps"” in the power level
indications (i.,e., the power level is continuously monitored from
beginning of startup to full power and from full power to SHUTDOWN).
When power is being reduced, if a transfer to the STARTUP mode is made
and the IRMs have not been fully inserted (a maloperational but not
impossible condition) a control rod block immediately occurs so that
reactivity insertion by control rod withdrawal cannot occur.

The low scram pilot air header pressure trip performs the same function
as the high water level in the scram discharge instrument volume for fast
fill events in which the high level instrument response time may be
inadequate. A fast fill event is postulated for certain degraded control
air events in which the scram outlet valves unseat enough to allow 5 gpm
per drive leakage into the scram discharge volume but not enough to cause
control rod insertion,
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The minimum functional testing frequency used in this specification is
based on & reliability analysis using the concepts developed in reference
(1). This concept was specifically adapted to the one-out-of-twoe taken
twice logic of the reactor protection system. The analysis shows that the
sensors are primarily responsible for the reliability of the reactor
protection system. This analysis makes use of "unsafe failure" rate
experience at conventional and nuclear power plants in a reliability model
for the system. An "unsafe failure"” is defined as one which negates
channel operability and which, due to its nature, is revealed only when
the channel is functionally tested or attempts to respond to & real
signal. Failure such as blown fuses, ruptured bourdon tubes, faulted
amplifiers, faulted cables, etc., which result in "upscale” or "downscale"
readings on the reactor instrumentation are "3afe" and will be easily

recognized by the operators during operation because they are revealed by
an alarm or a scram.

The channels listed in Tables 4.1.A and 4.1.B are divided into three
groups for functional testing. These are:

A. On-Off sensors that provide a scram trip function.

B. Analog devices coupled with bistable trips that provide a scram
function.

C. Devices which only serve a useful function during some restricted
mode of operation, such as STARTUP, or for which the
only practical test is one that can be performed at SHUTDOWN.

The sensors that make up group (A) are specifically selected from amorg
the whole family of industrial on-off sensors that have earned an
excellent reputation for reliable operation. During design, a goal of
0.99999 probability of success (at the 50 percent confidence level) was
adopted to assure that a balanced and adequate design is achieved. The
probability of success is primarily a function of the sensor failure rate
and the test interval. A three-month test interval was planned for group
(A) sensors. This is in keeping with good operating practices, and

satisfies the design goal for the logic configuration utilized ir the
Reactor Protection System.

The once per six-month functional test frequency for the scram pilot air
header low pressure trip function is acceptable due to:

The functional reliability previously demonstrated by these switches
on Unit 2 during Cycles 6 and 7,

2 The need for minimizing the radiation exposure associated with the
functional testing of these switches, and

3. The increased risk to plant availability while the plant is in a
half-scram condition during the performance of the functional testing
versus the limited increase in reliability that would be obtained oy
more frequent functional testing.
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Experience with passive type instruments in generating stations and
substations indicates that the specified calibrations are adequate. For
those devices which employ amplifiers, etc., drift specifications call for
drift to be less than 0.4 percent/month; i.e., in the period of a month a
drift of O.4-percent would occur thus providing for adequate margin.

For the APRM system drift of electronic apparatus is not the only
consideration in determining a calibration frequency. Change in power
distribution and loss of chamber sensitivity dictate a calibration every
seven days. Calibration on this frequency assures plant operation at or
below thermal limits.

A comparison of Tables 4.1.A and 4.1.B indicates that two instrument
channels have been included in the latter table. These are: mode switch
in SHUTDOWN and manual scram. All of the devices or sensors associated
with these scram functions are simple on-off switches and, hence,
calibration during operation is not applicable, i.e., the switch is either
on or off.

The sensitivity of LPRM detectors decreases with exposure to neutron flux
at a slow and approximately constant rate. The APRM system, which uses
the LPRM readings to detect a change in thermal power, will be calibrated
every seven days using a heat balance to compensate for this change in
sensitivity. The RBM system uses the LPRM reading to detect a localized
change in thermal power. It applies a correction factor based on the APRM
output signal to determine the percent thermal power and therefore any
change in LPRM sensitivity is compensated for by the APRM calibration.
The technical specification limits of CMFLPD, CPR, and APLHGR are
determined by the use of the process computer or other backup methods.
These methods use LPRM readings and TIP daia to determine the power
distribution.

Compensation in the process computer for changes in LPRM sensitivity will
be made by performing a full cor> TIP traverse to update the computer
calculated LPRM correction factors every 1000 effective full power hours.

As a minimum the individual LPRM meter readings will be adjusted at the
beginning of each operating cycle before reaching 100 percent power.
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In addition to reactor protection instrumentation which initciates a
reactor scram, protective instrumentation has been provided which
initiates action to mitigate the consequences of accidents which are
beyond the operator's ability to control, or terminates operator errors
before they result in serious consequences. This set of specifications
provides the limiting conditions of operation for the primary system
isolation function, initiation of the core cooling systems, control rod
block and standby gas treatment systems. The objectives of the
Specifications are (i) to assure the effectiveness of the protective
instrumentation when required by preserving its capability to tolerate a
single failure of any component of such systems even during periods when
portions of such systems are out of service for maintenance, and (ii) to
prescribe the trip settings required to assure adequate performance.
When necessary, one channel may be made inoperable for brief intervals to
conduct required functional tests and calibrations,

Some of the settings on the instrumentation that initiate or control core
and containment cooling have tolerances explicitly stated where the high
and low values are both critical and may have a substantial effect on
safety. The setpoints of other instrumentation, where only the high or
low end of the setting has a direct bearing on safety, are chosen at a
level away from the normal operating range to prevent inadvertent
actuation of the safety system involved and exposure to abnormal
situations.

Actuation of primary containment valves is initiated by protective
instrumentation shown in Table 3,2.A which senses the conditions for
which isolation is required. Such instrumentation must be available
whenever PRIMARY CONTAINMENT INTEGRITY is required.

The instrumentation which initiates primary system isolation is connected
in a dual bus arrangement,

The low water level instrumentation set to trip at 538 inches above
vessel zero closes isolation valves in the RHR System, Drywell and
Suppression Chamber exhausts and drains and Reactor Water Cleanup Lines
(Groups 2 and 3 isolation valves), The low reactor water level
instrumentation that is set to trip when reactor water level is 470
inches above vessel zero (Table 3.2.B) trips the recirculation pumps and
initiates the RCIC and HPCI systems,

The low water level instrumentation set to trip at 2398 inches above
vessel zero (Table 3,.2,.A) closes the Main Steam Isolation Valves, the
Main Steam Line Drain Valves, and the Reactor Water Sample Valves

(Group 1). These trip settings are adequate to prevent core uncovery in
the case of a break in the largest line assuming the maximum closing time,
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The instrumentation which initiates CSCS action is arranged in a dual bus
system. As for other vital instrumentation arranged in this fashion, the
specification preserves the effectiveness of the system even during
periods when maintenance or testing is being performed. An exception to
this is when logic functional testing is being performed.

The control rod block functions are provided to generate a trip aignal to
block rod withdrawal if the monitored power level exceeds a preset

value. The trip logic for this function is l-out-of-n: e.g., any trip
on one of six APRMs, eight IRMs, or four SRMs will result in a rod block.

When the RBM is required, the minimum instrument channel requirements
apply. These requirements assure sufficient instrumentation to assure
the single failure criteria is met. The minimum instrument channel
requirements for the RBM may be reduced by one for maintenance, testing,
or calibration. This does not significantly increase the risk of an
inadvertent control rod withdrawal, as the other channel is available,
and the RBM is a backup system to the written sequence for withdrawal of
control rods.

The APRM rod block function is flow biased and provides a trip signal for
blocking rod withdrawal when average reactor thermal power exceeds
pre-established limits set to prevent scram actuation.

The 2BM rod block function provides local protection of the core; i.e.,
the prevention of critical power in a local region of the core, for a
single rod withdrawal error from a limiting control rod pattern.

If the IRM channels are in the worst condition of allowed bypass, the
sealing arrangement is such that for unbypassed IRM channels, a rod block
signal is generated before the detected neutrons flux has increased by
more than a factor of 10,

A downscale indication is an indication the instrument has failed or tl¢
instrument is not sensitive enough. In either case the instrument will
not respond to changes in control rod motion and thus, control rod motion
is prevented.

The refueling interlocks also operate one logic channel, and are required
for safety only when the mode switch is in the refueling position.

For effective emergency core cooling for small pipe breaks, the HPCI
system must function since reactor pressure does not decrease rapid
enough to allow either core spray or LPCI to operate in time. The
automatic pressure relief function is provided as a backup to the HPCI in
the event the HPCI does not operate. The arrangement of the tripping
contacts is such as to provide this function when necessary and minimize
spurious operation. The trip settings given in the specification are
adequate to assure the above criteria are met, The specification
preserves the effectiveness of the system during periods of maintenance,
testing, or calibration, and also minimizes the risk of inadvertent
operation; i.e., only one instrument channel out of service.
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(7)

BFN

Those instruments which, when tripped, result in a rod block have their
contacts arranged in a l-out-of-n logic, and all are capable of being
bypassed. For such a tripping arrangement with bypass capability
provided, there is an optimum test interval that should be maintained in
order to maximize the reliability of a given channel (7). This takes
account of the fact that testing degrades reliability and the optimum
interval between tests is approximately given by:

i - at
r

Where: i1 = the optimum interval between tests,

t = the time the trip contacts are disabled
from performing their function while
the test is in progress.

r = the expected failure rate of the relays.

To test the trip relays requires that the channel be bypassed, the test
made, and the system returned to its initial state. It is assumed this
task requires an estimated 30 minutes to complete in a thorough and
workmanlike manner and that the relays have a failure rate of 10~
fallures per hour. Using this data and the above cperation, the optimum
test interval is:

ipitially.

The sensors and electronic apparatus have not been included here as these
are analog devices with readouts in the control room and the sensors and
electronic apparatus can be checked by comparison with other like
instruments. The checks which are made on a daily basis are adequate: to
assure OPERABILITY of the sensors and electrenic apparatvs, and the test
interval given above provides for optimum testing of tb. relay circui:s.

The above calculated test interval optimizes each i.dividual channel,
considering it to be independent of all others. As an example, assume
that there are two channels with an individual techn.cian assigned to
each. Each technician tests his channel at the optimum frequency, but

UCRL-50451, Improving Availability and Readiness of Field Equipment
Through Periodic Inspection, Benjamin Epstein, Albert Shiff, July 16,
1968, page 10, Equation (24), Lawrence Radiation Laboratory.
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the two technicians are not allowed to communicate so that one can advise
the cther that his channel is under test. Under these conditicns, it is
pcssible for both channels to be under test simultaneously. Now, assume
that the technicians are required to communicate and that two channels
are never tested at the same time.

Forbidding simultaneous testing improves the availability of the system
over that which would be achieved by testing each channel independently.
These one-out-of-n trip systems will be tested one at a time in order te
take advantage of this inherent improvement in availability.

Optimizing each channel independently may not truly optimize the system
considering the overall rules of system operation. However, true system
optimization is a complex problem. The optimums are broad, not sharp,
and optimizing the individual channels is generally adequate for the
system.

The formula given above minimizes the unavailability of a single channel
which must be bypassed during testing, The minimization of the
unavailability is illustrated by Curve No. 1 of Figure 4.2-1 which
assumes that a channel has a failure rate of 0.1 x 10‘6/homr and

0.5 hours is required to test it. The unavailability is a minimum at a
test interval i, of 3.16 x 103 hours.

If two similar channels are used in a l-out-of-2 configuration, the test
interval for minimum unavailability changes as a function of the rules
for testing. The simplest case is to test each one independent of the
other. In this case, there is assumed to be a finite probability that
both may be bypassed at one time. This case is shown by Curve No., 2.
Note that the unavailability is lower as expected for a redundant system
and the minimum occurs at the same test interval. Thus, if the two
channels are tested independently, the equation above yieldas the test
interval for minimum unavailability.

A more usual case is that the testing is not done independently. If both
channels are bypassed and tested at the same time, the result is shown in
Curve No. 3. Note that the minimum occurs at about 40,000 hours, much
longer than for cases 1 and 2. Also, the minimum is not nearly as low as
Case 2 which indicates that this method of testing does not take full
advantage of the redundant channel. Bypassing both channels for
simultaneous testing should be avoided.

The most likely case would be to stipulate that one channel be bypassed,
tested, and restored, and then immediately following, the second channel
be bypassed, tested, and restored. This is shown by Curve No. 4., Note
that there is no true minimum. The curve does have a definite knee and
very little reduction in system unavailability is achieved by testing at
a shorter interval than computed by the equation for a single channel.

The best test procedure of all those examined is to perfectly stagger the

tests. That is, if the test interval is four months, test one or the
other channel every two months. This is shown in Curve No. §. The
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difference between Cases 4 and 5 is negligible. There may be other
arguments, however, that more strongly support the perfectly staggered
tests, including reductions in human error.

The conclusions to be drawn are these:

di A l-out-of-n system may be treated the same as a single channel in
terms of choosing a test interval; and

3. more than one channel should not be bypassed for testing at any one
time.

The radiation monitors in the reactor and refueling zones which initiate
building isolation and standby gas treatment operation are arranged such
that two sensors high (above the high level setpoint) in a single channel
or one sensor downscale (below low level setpoint) or inoperable in two
channels in the same zone will initiate a trip function. The functional
testing frequencies for both the channel functional test and the high
voltage power supply functional test are based on a Probabilistic Risk
Assessment and system drift characteristics of the Reactor Building
Ventilation Radiation Monitors. The calibration frequency is based upon
the drift characteristics of the radiation monitors.

The automatic pressure relief instrumentation can be considered to be a
l-out-of-2 logic system and the discussion above applies also.

The RCIC and HPCI system logic tests required by Table 4.2.B contain
provisions to demonstrate that these systems will automatically restart
on a RPV low water level signal received subsequent to a RPV high water
level trip.
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2. Reactivity Margin - Inoperable Control Rods - Specification
3.3.A.2 requires that a rod be taken out of service if it
cannot be moved with drive pressure. If the rod is fully
inserted and disarmed electrically*, it is in a safe position
of maximum contribution to shutdown reactivity. If it is
disarmed electrically in a nonfully inserted position, that
position shall be consistent with the shutdown reactivity
limitations stated in Specification 3.3.A.1. This assures that
the core can be shut down at all times with the remaining
control rods assuming the strongest OPERABLE control rod does
not insert. Also if damage within the control rod drive
mechanism and in particular, cracks in drive internal housings,
cannot be ruled out, then a generic problem affecting a number
of drives cannot be ruled out. Circumferential cracks
resulting from stress-assisted intergranular corrosion have
occurred in the collet housing of drives at several BWwRs. This
type of cracking could occur in a number of drives and if the
cracks propagated until severance of the collet housing
occurred, scram could be prevented in the affected rods.
Limiting the period of operation with a potentially severed rod
after detecting one stuck rod will assure that the reactor will
not be operated with a large number of rods with failed collet
housings. The Rod Worth Minimizer is not automatically
bypassed until reactor power is above the preset power ievel
cutoff., Therefore, control rod movement is restricted and the
single notch exercise surveillance test is only performed above
this power level. The Rod Worth Minimizer prevents movement of
out-of-sequence rods unless power is above the preset power
level cutoff.

B. Control Rods

1, Control rod dropout accidents as discussed in the FSAR can lead
to significant core damage. If coupling integrity is
maintained, the possibility of a rod dropout accident is
eliminated. The overtravel position feature provides a
positive check as only uncoupled drives ma; reach this
position., Neutron instrumentation response .0 rod movement
provides a verification that the rod is fol’owing its drive.
Absence of such response to drive movemer. could indicate an
uncoupled condition. Rod position indication is required for
proper function of the Rod Worth Minimizer.

* To disarm the drive electrically, four amphenol type plug connectors are
removed from the drive insert and withdrawal solenoids rendering the rod
incapable of withdrawal. This procedure is equivalent to valving out the
drive and is preferred because, in this condition, drive water cools and
minimizes crud accumulation in the drive. Electrical disarming does not
eliminate position indication.
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5. The Rod Block Monitor (RBM) is designed to automatically prevent fuel
damage in the event of erroneous rod withdrawal from locations of high
power density during high power level operation. Two RBM channels are
provided, and one of these may be bypassed from the conscle for
maintenance and/or testing. Automatic rod withdrawal blocks from one
of the channels will block erroneous rod withdrawal soon enough to
prevent fuel damage. The specified restrictions with one channel out
of service conservatively assure that fuel damage will not occur due
to rod withdrawal errors when this condition exists.

C. Scram Insertion Times

The control rod system is designed to bring the reactor subcritical at a
rate fast enough to prevent fuel damage; 1i.e., to prevent the MCPR from
becoming less than 1.07. The limiting power transients are given in ]
Reference 1. Analysis of these transients shows that the negative
reactivity rates resulting from the scram with the average response of all
drives as given in the above specifications provide the required

protection and MCPR remains greater than 1.07. 1

On an early BWR, some degradation of control rod scram performance

occurred during plant STARTUP and was determined to be caused by I
particulate material (probably construction debris) plugging an internal
control rod drive filter. The design of the present control rod drive
(Model 7RDB144B) is grossly improved by the relocation of the filter to a
location out of the scram drive path; i.e., it can no longer interfere

with scram performance, even if completely blocked,

The degraded performance of the original drive (CRD7RDB144A) under dirty
operating conditions and the insensitivity of the redesigned drive
(CRD7RDB144B) has been demonstrated by a series of engineering tests under
simulated reactor operating conditions. The successful performance of the
new drive under actual operating conditions has also been demonstrated by
consistently good in-service test results for plants using the new drive
and may be inferred from plants using the older model
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drive with a modified (larger screen size) internal filter which is less
prone to plugging. Data has been documented by surveillance reports in
various operating plants. These include Oyster Creek, Monticello,
Dresden 2, and Dresden 3. Approximately 5000 drive tests have been
recorded to date,

Following identification of the "plugged filter" problem, very frequent
Scram tests were necessary to ensure propet performance. However, the
more frequent scram tests are now considered totally unnecessary and
unwise for the following reasons:

1. Erratic scram performance has been identified as due to an obstructed
drive filter in type "A" drives. The drives in BFNP are of the new
"B" type design whose scram performance is unaffected by filter
condition.

2. The dirt load is primarily released during STARTUP of the reactor when |
the reactor and its systems are first subjected to flows and pressure
and thermal stresses. Special attention and measures are now being
taken to assure cleaner systems. Reactors with drives identical or
similar (shorter stroke, smaller piston areas) have operated through
many refueling cycles with no sudden or erratic changes in scram
performance. This preoperational and STARTUP testing is sufficient to |
detect anomalous drive performance.

3. The 72-hour outage limit which initiated the start of the frequent
scram testing is arbitrary, having no logical basis other than
quantifying a "major outage" which might reasonadbly be caused by an
event so severe as to possibly affect drive performance. This
requirement is unwise because it provides an incentive for shortcut
actions to hasten returning "on line"” to avoid the additional testing
due a 72-hour outage.
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Reactivity Anomalies

During each fuel cycle excess operative reactivity varies as fuel
depletes and as any burnable poison in supplementary control is
burned. The magnitude of this excess reactivity may be inferred
from the critical rod configuration. As fuel burnup progresses,
anomalous behavior in the excess reactivity may be detected by
comparison of the critical rod pattern at selected base states to
the predicted rod inventory at that state. Power operating base
conditions provide the most sensitive and directly interpretable
data relative to core reactivity. Furthermore, using power
operating base conditions permits frequent reactivity comparisons.

Requiring a reactivity comparison at the specified frequency assures
that a comparison will be made before the core reactivity change
exceeds 1 percent AK. Deviations in core reactivity greater than

1 percent AK are not expected and require thorough evaluation. One
percent reactivity limit is considered safe since an insertion of
one percent reactivity into the core would not lead to transients
exceeding design conditions of the reactor system.

No BASES provided for this specification

Scram Discharge Volume

The nominal stroke time for the scram discharge volume vent and
drain valves is ¢ 30 seconds following a scram. The purpose of
these valves is to limit the quantity of reactor water discharged
after a scram and no direct safety function is performed. The
surveillance for the valves assures that system drainage is not
impeded by & valve which fails to open and that the valves are
OPERABLE and capable of closing upon a scram.

References

1,

BFN
Unit 3

Generic Relcad Fuel Application,
Licensing Topical Report, NEDE-24011-P-A and Addenda.
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3.5.A. Core Spray System (CSS) and 3.5.B Residual Heat Removal System (RHRS)

Analyses presented in the FSAR* and analyses presented in conformance
with 10 CFR 50, Appendix K, demonstrated that the core spray system in
copjunction with two LPCI pumps provides adequate cooling to the core
to dissipate the energy associated with the loss-of-coolant accident
and to limit fuel clad temperature to below 2,200°F which assures that
core geometry remains intact and to limit the core average clad
metal-water reaction to less than 1 percent. Core spray distribution
has been shown in tests of systems similar in design to BFNP to exceed
the minimum requirements. In addition, cooling effectiveness has been
demonstrated at less than half the rated flow in simulated fuel
assemblies with heater rods to duplicate the decay heat characteristics
of irradiated fuel.

The RHRS (LPCI mode) is designed to provide emergency cooling to the
core by flooding in the event of a loss-of-coolant accident. This
system is completely independent of the core spray system; however, it
does function in combination with the core spray system to prevent
excessive fuel clad temperature. The LPCI mode of the RHRS and the
core spray system provide adequate cooling for break areas of
approximately 0.2 square feet up to and including the double-ended
recirculation line break without assistance from the high-pressure
emergency core cooling subsystems.

The intent of the CSS and RHRS specifications is to not allow startup
from the cold condition without all associated equipment being
OPERABLE. However, during operation, certain components may be out of
service for the specified allowable repair times. The allowable repair
times have been selected using engineering judgment based on
experiences and supported by availability analysis.

Should one core spray loop become inoperable, the remaining core spray
loop, the RHR System, and the diesel generators are required to be
OPERABLE should the need for core cooling arise. These provide
extensive margin over the OPERABLE equipment needed for adequate core
cooling. With due regard for this margin, the allowable repair time of
seven days was chosen.

Should one RHR pump (LPCI mode) become inoperable, three RHR pumps
(LPCI mode) and the core spray system are available. Since adequate
core cooling is assured with this complement of ECCS, a seven day
repair period is justified.

Should two RHR pumps (LPCI mode) become inoperable, there remains no
reserve (redundant) capacity within the RHRS (LPCI mode). Therefore,
the affected unit shall be placed in cold shutdown within 24 hours.

*A detailed functional analysis is given in Section 6 of the BFNP FSAR.
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With the RCICS inoperable, a seven-day period to return the syatem to
service is justified based on the availability of the HPCIS to cool

the core and upon ronsideration that the average risk associated with
failure of the RCICS to cool the core when required is not increased.

The surveillance requirements, which are based on industry codes and
standards, provide adequate assurance that the RCICS will be OPERABLE
when required,.

Automatic Depressurization System (ADS)

The ADS consists of six of the thirteen relief valves. It is designed
to provide depressurization of the reactor coolant system during a
small break loss of coolant accident (LOCA) if HPCI fails or is unable
to maintain the required water level in the reactor vessel. ADS
operation reduces the reactor vessel pressure to within the operating
pressure range of the low pressure emergency core cooling systems
(core spray and LPCI) so that they can operate to protecc the fuel
barrier. Specification 3.5.C applies only to the automatic feature of
the pressure relief system,

Specification 3.6.D specifies the requirements for the pressure relief
function of the valves. It is possible for any number of the valves
assigned to the ADS to be incapable of performing their ADS functions
because of instrumentation failures, yet be fully capable of
performing their pressure relief function,

The emergency core cooling system LOCA analyses for small line breaks
assumed that four of the six ADS valves were OPERABLE. By requiring
8ix valves to be OPERABLE, additional conservatism is provided to
account for the possibility of a single failure in the ADS system.

Reactor operation with one of the six ADS valves inoperable is allowed
to continue for fourteen days provided the HPCI, core spray, and LPCI
systems are OPERABLE. Operation with more than one ADS valve
inoperable is not acceptable,

With one ADS valve known to be incapable of automatic operation, five
valves remain OPERABLE to perform the ADS function. This condition is
within the analyses for a small break LOCA and the peak clad
temperature is well below the 10 CFR 50.46 limit. Analysis has shown
that four valves are capable of depressurizing the reactor rapidly
enocugh to maintain peak clad temperature within acceptable limits.

Maintenance of Filled Discharge Pipe

If the discharge piping of the core spray, LPCI, HPCIS, and RCICS are
not filled, a water hammer can develop in this piping when the pump
and/or pumps are started. To minimize damage to the discharge piping
and to ensure added margin in the operation of these systems, this
Technical Specification requires the discharge lines to be filled
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suggest a reasonable margin of safety that such leakage magnitude would
not result from a crack approaching the critical size for rapid
propagation. Leakage less than the magnitude specified can be detected
reasonably in a matter of a few hours utilizing the available leakage
detection schemes, and if the origin cannot be determined in a reasonably
short time, the unit should be shut down to allow further investigation
and corrective action.

The two gpm limit for coolant leakage rate increases over any 24-hour |
period is a limit specified by the NRC (Reference 2). This limit applies
only during the RUN mode to avoid being penalized for the expected

coolant leakage increase during pressurization.

The total leakage rate consists of 2ll leakage, identified and
unidentified, which flows to the drywell floor drain and equipment drain
sumps .

The capacity of the drywell floor sump pump is 50 gpm and the capacity of
the drywell equipment sump pump is also 50 gpm. Removal of 25 gpm from
either of these sumps can be accomplished with considerable margin.

References

e Nuclear System Leakage Rate Limits (BFNP FSAR Subsection 4,10)
2. Safety Evaluation Report (SER) on IE Bulletin 82-03

3.6.D/4.6.D Rellef Valves

To meet the safety basis, 13 relief valves have been installed on the

unit with a total capacity of 84.1 percent of nuclear boiler rated steam |
flow. The analysis of the worst overpressure transient, (3-second

closure of all main steam line isolation valves) neglecting the direct
scram (valve position scram) results in a maximum vessel pressure which,

if a neutron flux scram is assumed considering 12 valves OPERABLE,

results in adequate margin to the code allowable overpressure limit of
1,375 psig.

To meet operational design, the analysis of the plant isolation transient
(generator load reject with bypass valve fallure to open) shows that

12 of the 13 relief valves limit peak system pressure to a value which is
well below the allowed vessel overpressure of 1,375 psig.

Experience in relief valve operation shows that a testing of 50 percent 4
of the valves per year is adequate to detect failures or deteriorations.
The relief valves are benchtested every second operating cycle to ensure 4
that their setpoints are within the + 1 percent tolerance. The relief
valves are tested in place in accordance with Specification 1.0.MM to
establish that they will open and pass steam.
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The requirements established above apply when the nuclear system can be
pressurized above ambient conditions. These requirements are applicable at
nuclear system pressures below normal operating pressures because abnormal
operational transients could possibly start at these conditions such that
eventual overpressure relief would be needed. However, these transients are
much less severe, in terms of pressure, than those starting at rated
conditions. The valves need not be functional when the vessel head is
removed, since the nuclear system cannot be pressurized.

The relief valves are not required to be OPERABLE in the COLD SHUTDOWN
CONDITION. Overpressure protection is provided during hydrostatic tests by
two of the relief valves whose relief setting has been established in
conformance with ASME Section XI code requirements. The capacity of one
relief valve exceeds the charging capacity of the pressurization source used
during hydrostatic testing. Two relief valves are used to provide redundancy.

References

) I Nuclear System Pressure Relief System (BFNP FSAR Subsection 4.4)

2, "Protection Against Overpressure" (ASME Boiler and Pressure Vessel Code,
Section III, Article 9)

3 Browns Ferry Nuclear Plant Design Deficiency Report--Target Rock
Safety-Relief Valves, transmitted by J, E. Gilliland to F. E. Kruesi,
August 29, 1973

4. Generic Reload Fuel Application, Licensing Topical Report, NEDE 24011-P-A
and Addenda

3.6.E/4.6 .E Jet Pumps

Failure of a jet pump nozzle assembly holddown mechanism, nozzle assembly
and/or riser, would increase the cross-sectional flow area for blowdown
following the design basis double-ended line break. Also, failure of the
diffuser would eliminate the capability to reflood the core to two-thirds
height level following a recirculation line break. Therefore, if a failure
occurred, repairs must be made.

The detection technique is as follows. With the two recirculation pumps
balanced in speed to within + 5 percent, the flow rates in both recirculation
loops will be verified by control room monitoring instruments., If the two
flow rate values do not differ by more than 10 percent, riser and nozzle
assembly integrity has been verified.

If they do differ by 10 percent or more, the core flow rate measured by the
Jet pump diffuser differential pressure system must be checked against the
core flow rare derived from the measured values of loop flow to core flow
correlation. If the difference between measured and derived core flow rate is

BFN 3.6/4.3-31
Unit 3



3.6/4.6 BASES
3,6.E/4.6.E (Cont'd)

10 percent or more (with the derived value higher) diffuser measurements will
be taken to define the location within the vessel of failed jet pump nozzle
(or riser) and the unit shut down for repairs. If the potential blowdown flow
area is increased, the system resistance to the recirculation pump is also
reduced; hence, the affected drive pump will "run out" to a substantially
higher flow rate (approximately 115 percent to 120 percent for a single nozzle
failure). If the two loops are balanced in flow at the same pump speed, the
resistance characteristics cannot have changed. Any imbalance between drive
loop flow rates would be indicated by the plant process instrumentation. In
addition, the affected jet pump would provide a leakage path past the core
thus reducing the core flow rate. The reverse flow through the inactive Jet
pump would still be indicated by a positive differential pressure but the net
effect would be a slight decrease (3 percent to 6 percent) im the total core
flow measured. This decrease, together with the loop flow increase, would
result in a lack of correlation between measured and derived core flow rate.
Finally, the affected jet pump diffuser differential pressure signal would be
reduced because the backflow would be less than the normal forward flow.

A nozzle-riser system failure could also generate the coincident failure of a
Jet pump diffuser body; however, the converse is not true. The lack of any
substantial stress in the jet pump diffuser body makes failure impossible
without an initial nozzle-riser system failure,

3.6.F/4.6.F Recirculation Pump Operation

Operation without forced recirculation is permitted up to 12 hours when the
reactor is not in the RUN mode. And the start of a recirculation pump from
the natural circulation condition will not be permitted unless the temperature
difference between the loop to be started and the core coolant temperature is
less than 75°F., This reduces the positive reactivity insertion to an
acceptably low value,

Requiring at least one recirculation pump to be OPERABLE while in the RUN mode
(i.e., requiring a manual scram if both recirculation pumps are tripped)
provides protection against the potential occurrence of core thermal-hydraulic
instabilities at low flow conditions.

Requiring the discharge valve of the lower speed loop to remain closed until
the speed of the faster pump is below 50 percent of its rated speed provides
asgurance when going from one-to-two pump operation that excessive vibration
of the jet pump risers will not occur.

3.6.G/4.6.G Structural Integrity

The requirements for the reactor coolant systems inservice inspection program
have been identified by evaluating the need for a sampling examination of
areas of high stress and highest probability of failure in the system and the
need to meet as closely as possible the requirements of Section XI, of the
ASME Boiler and Pressure Vessel Code.
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The program reflects the built-in limitations of access to the reactor coolant
systems,

It is intended that th> required examinations and inspection be completed
during each 10-year interval. The periodic examinations are to be done during
refueling outages or other extended plant shutdown periods,

Only proven nondestructive testing techniques will be used.

More frequent inspections shall be performed on certain circumferential pipe
welds as listed in plant procedures to provide additional protection against
pipe whip. These welds were selected in respect to their distance from
hangers or supports wherein a failure of the weld would permit the unsupported
segments of pipe to strike the drywell wall or nearby auxiliary systems or
control systems. Selection was based on judgment from actual plant
observation of hanger and support locations and review of drawings.

Inspection of all these welds during each 10-year inspection interval will
result in three additional examinations above the requirements of Section XI
of ASME Code.

References
I BFNP FSAR Subsection 4.12, Inservice Inspection and Testing

i Inservice Inspection of Nuclear Reactor Coolant Systems, Section XI, ASME
Boiler and Pressure Vessel Code

3. ASME Boiler and Pressure Vessel Code, Section III (1968 Edition)

4, American Society for Nondestructive Testing No. SNT-TC-1A (1968 Edition)
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Maintaining the water level between these levels will ensure that the torus
water volume and downcomer submergence are within the aforementioned limits
during normal plant operation. Alarms, adjusted for instrument error, will
notify the operator when the limits of the torus water level are approached.
The maximum permissible bulk pool temperature is limited by the potential for
stable and complete condensation of steam discharged from safety relief valves
and adequate core spray pump net positive suction head. At reactor vessel
pressures above approximately 555 psig, the bulk pool temperature shall not
exceed 180°F, At pressures below approximately 240 psig, the bulk temperature
may be as much as 184°F. At intermediate pressures, linear interpolation of
the bulk temperature is permitted.

They also represent the bounding upper limits that are used in suppressi.n
pool temperature response analyses for safety relief valve discharge and
loss-of-coolant accident (LOCA) cases. The actions required by Specifications
3.7.C. - 3.7.F. assure the reactor can be depressurized in a timely manner to
avoid exceeding the maximum bulk suppression pool water limits. Furthermore,
the 184°F limit provides that adequate RHR and core spray pump NPSH will be
available without dependency on containment overpressure.

Should it be necessary to drain the suppression chamber, this should only be
done when there is no requirement for Core Standby Cooling Systems
OPERABILITY. Under full power operation conditions, blowdown from an initial
suppression chamber water temperature of 95°F results in a peak long term
water temperature which is sufficient for complete condensation.

Limiting suppression pool temperature to 105°F during RCIC, HPCI, or relief
valve operation when decay heat and stored energy is removed from the primary
system by discharging reactor steam directly to the suppression chamber
assures adequate margin for controlled blowdown anytime during RCIC operation
and ensures margin for complete condensation of steam from the design basis
loss-of-coolant accident (LOCA).

In addition to the limits on temperature of the suppression chamber pool
water, operating procedures define the action to be taken in the event a
relief valve inadvertently opens or sticks open., This action would include:
(1) use of all available means to close the valve, (2) initiate suppression
pool water cooling heat exchangers, (3) initiate reactor shutdown, and (4) if
other relief valves are used to depressurize the reactor, their discharge
shall be separated from that of the stuck-open relief valve to assure mixing
and uniformity of energy insertion to the pool.

If a LOCA were to occur when the reactor water temperature is below
approximately 330°F, the containment pressure will not exceed the 62 psig code
permissible pressures even if no condensation were to occur. The maximum
allowable pool temperature, whenever the reactor is above 212°F, shall be
governed by this specification. Thus, specifying water volume-temperature
requirements applicable for reactor-water temperature above 212°F provides
additional margin above that available at 330°F.
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In conjunction with the Mark I Containment Short Term Program, a plant-unique
analysis weas performed ("Torus Support System and Attached Piping Analysis for
the Browns Ferry Nuclear Plant Units 1, 2, and 3," dated September 9, 1976 and
supplemented October 12, 1976) which demonstrated a factor of safety of at
least two for the weakest element in the suppression chamber support system
and attached piping. The maintenance of a drywell-suppression chamber
differential pressure of 1.1 psid and a supprcssion chamber water level
corresponding to a downcomer submergence range of 3.06 feet to 3.358 feet will
assure the integrity of the suppression chamber when subjected to
post-loss-of-coolant suppression pool hydrodynamic forces.

Inerting

The relativity small containment volume inherent in the GE-BWR pressure
suppression containment and the large amount of zirconium in the core are such
that the occurrence of a very limited (a percent or so) reaction of the
zirconium and steam during a LOCA could lead to the liberation of hydrogen |
combined with an air atmosphere to result in a flammable concentration in the
containment. If a sufficient amount of hydrogen is generated and oxygen is
available in stoichiometric quantities the subsequent ignition of the hydrogen
in rapid recombination rate could lead to failure of the containment to
maintain low leakage integrity. The <4 percent hydrogen concentratiop
minimizes the possibility of hydrogen combustion following a LOCA. |

The occurrence of primary system leakage following a major refueling outage or
other scheduled shutdown is much more probable than the occurrence of the LOCA |
upon which the specified oxygen concentration limit is based. Permitting
access vo the drywell for leak inspections during a startup is judged prudent
in terms of the added plant safety offered without significantly reducing the
margin of safety. Thus, to preclude the possibility of starting the reactor
and operating for extended periods of time with significant leaks in the
primary system, leak inspections are scheduled during startup periods, when
the primary system is at or near rated operating temperature and pressure,

The 24-hour period to provide inerting is judged sufficient to perform the
leak inspection and establish the required oxygen concentration.

To ensure that the hydrogen concentration is maintained less than 4 percent
following an accident, liquid nitrogen is maintained onsite for containment
atmosphere dilution. About 2,260 gallons would be sufficient as a seven-day
supply, and replenishment facilities can deliver liquid nitrogen to the site
within one day; therefore, a requirement of 2,500 gallons is conservative.
Following a LOCA, the Containment Air Monitoring (CAM) System continuously
monitors the hydrogen concentration of the containment volume. Two
independent systems are capable of sampling and monitoring hydrogen
concentration in the drywell and the torus. Each sensor and associated
circuit is periodically checked by a calibration gas to verify operation.
Failure of one system does not reduce the ability to monitor the hydrogen
concentration in the drywell or torus atmosphere as a second independent and
redundant system will still be OPERABLE.
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Vacuum Relief

The purpose of the vacuum relief valves is to equalize the pressure between
the drywell and suppression chamber and reactor building so that the
structural integrity of the containment is maintained. The vacuum relief
system from the pressure suppression chamber to reactor building consists of
two 100-percent vacuum relief breakers (two parallel sets of two valves in
series). Operation of either system will maintain the pressure differential
less than 2 peig; the external design pressure. One reactor building vacuum
breaker may be out of service for repairs for a period of seven days. If
repairs cannot be completed within seven days, the reactor coolant system is
brought to a condition where vacuum relief is no longer required.

When a drywell-suppression chamber vacuum breaker valve is exercised through
an opening-closing cycle the position indicating lights in the control room
are designed to function as specified below:

Initial and Final Check - On (Fully Closed)
Condition Green - On

Red - Off

Opening Cycle Check - Off (Cracked Open)
Green - Off (> 80° Open)
Red - On (> 3° Open)

Closing Cycle Check - On (Fully Closed)
Green - On (< 80° Open)
Red - Off (< 3° Open)

The valve position indicating lights consist of one check light on the check
light panel which confirms full closure, one green light next to the hand
switch which confirms 80° of full opening and one red light next to the hand
switch which confirms "near closure"” (within 3° of full closure). Each light
is on a separate switch. If the check light circuit is OPERABLE when the
valve is exercised by its air operator there exists a confirmation that the
valve will fully close. If the red light circuit is OPERABLE, there exists a
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in the system, isolation is provided by high temperature in the cleanup system
area. Also, since the vessel could potentially be drained through the cleanup
system, a low-level isolation is provided.

Groups 4 and 5 - Process lines are designed to remain OPERABLE and mitigate
the consequences of an accident which results in the isolation of other
process lines. The signals which initiate isolation of Groups 4 and 5 process
lines are therefore indicative of a condition which would render them
inoperable.

Group 6 - Lines are connected to the primary containment but not directly to
the reactor vessel. These valves are isolated on reactor low water level
(538"), high drywell pressure, or reactor building ventilation high radiation
which would indicate a possible accident and necessitate primary containment
isolation.

Group 7 - (Deleted) 1

Group 8 - Line (traveling in-core probe) is isolated on high drywell pressure
or reactor low water level (538"). This is to assure that this line doeg not
provide a leakage path when containment pressure or reactor water level
indicates a possible accident condition.

The maximum closure time for the automatic isolation valves of the primary
containment and reactor vessel isolation control system have been selected in
consideration of the design intent to prevent core uncovering following pipe
breaks outside the primary containment and the need to contain released
fission products following pipe breaks inside the primary containment.

In satisfying this design intent, an additional margin has been included in
specifying maximum closure times. This margin permits identification of
degraded valve performance prior to exceeding the design closure times.

In order to assure that the doses that may result from a steam line break do
not exceed the 10 CFR 100 guidelines, it is necessary that no fuel rod
perforation resulting from the accident occur prior to closure of the main
steam line isolation valves. Analyses indicate that fuel rod cladding
perforations would be avoided for main steam valve closure times, including
instrument delay, as long as 10.5 seconds,
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The objective of this specification is to assure an adequate source of
electrical power to operate facilities to cool the units during shutdown ]
and to operate the engineered safeguards following an accident. There

are three sources of alternating current electrical energy available,
namely, the 161-kV transmission system, the 500-kV transmission asystem,
and the diesel generators,

The unit station-service transformer B for unit 3 provides a
noninterruptible source of offsite power from the 500-kV transmission
system to the unit 3 shutdown boards. Auxiliary power can also be
supplied from the 161-kV transmission system through the common
station-service transformers or through the cooling tower transformers
by way of the bus tie board. The 4-kV bus tie board may remain out of
service indefinitely provided one of the required offsite power sources
is not supplied from the 161-kV system through the bus tie board.

The minimum fuel oil requirement of 35,280 gallons for each diesel
generator fuel tank assembly is sufficient for seven days of full load
operation of each diesel and is conservatively based on availability of
a replenishment supply. Each diesel generator has its own independent
7-day fuel oil storage tank assembly.

The degraded voltage sensing relays provide a start signal to the diesel
generators in the event that a deteriorated voltage condition exists on
& 4-kV shutdown board. This starting signal is independent of the
starting signal generated by the complete loss of voltage relays and
will continue to function and start the diesel generators on complete
loss of voltage should the loss of voltage relays become inoperable.

The 15-day inoperable time limit specified when one of the three
phase-to-phase degraded voltage relays is inoperable is justified based
on the two-out-of-three permissive logic scheme provided with these
relays.

A 4-kV shutdown board is allowed to be out of operation for a brief
period to allow for maintenance and testing, provided all remaining 4-kV
shutdown boards and associated diesel generators, CS, RHR, (LPCI and
containment cooling) systems supplied by the remaining 4-kV shutdown
boards, and all emergency 480-V power boards are OPERABLE.

The 480-V diesel auxiliary board may be out of service for short periods
for tests and maintenance.

There is a safety related 250-V dc unit battery located in each unit,
Each 250-V dc unit battery system consists of a battery, a battery
charger, and a distribution panel. There is also a backup charger which
can be assigned to any one of the three unit batteries., The 250-V dc
unit battery systems provide power for unit control functions, unit DC
motor loads and alternate control power to the 4160 and 480-V ac
shutdown boards. The primary control power supplies to the 3A, 3C and
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subcritical even when the highest worth control rod is fully
withdrawn. The combination of refueling interlocks for control rods
and the refueling platform provide redundant methods of preventing
inadvertent criticality even after procedural violations. The
interlocks on hoists provide yet another method of avoiding
inadvertent criticality.

Fuel handling is normally conducted with the fuel grapple hoist. The
total load on this hoist when the interlock is required consists of
the weight of the fuel grapple and the fuel assembly. This total is
approximately 1,500 1bs, in comparison to the load-trip setting of
1,000 lbs. Provisions have also been made to allow fuel handling
with either of the three auxiliary hoists and still maintain the
refueling interlocks. The 400-1b load-trip setting on these hoists
is adequate to trip the interlock when one of the more than 550-1b
fuel bundles is being handled.

During certain periods, it is desirable to perform maintenance on two
control rods and/or control rod drives at the same time without
removing fuel from the cells. The maintenance is performed with the
mode switch in the refuel position to provide the refueling
interlocks normally available during refueling operations. In order
to withdraw a second control rod after withdrawal of the first rod,
it is necessary to bypass the refueling interlock on the first
control rod which prevents more than one control rod from being
withdrawn at the same time. The requirement that an adequate
shutdown margin be demonstrated and that all remaining control rods
have their directional contrel valves electrically disarmed ensures
that inadvertent criticality cannot occur during this maintenance.
The adequacy of the shutdown margin is verified by demonstrating that
at least 0,38 percent Ak shutdown margin is available., Disarming the
directional control valves does not inhibit control rod scram
capability,

Specification 3.10.A.7 allows unloading of a significant portion of
the reactor core. This operation is performed with the mode switch
in the REFUEL position to provide the refueling interlocks normally
available during refueling operations. In order to withdraw more
than one control rod, it is necessary to bypass the refueling
interlock on each withdrawn control rod which prevents more than one
control rod from being withdrawn at a time. The requirement that the
fuel assemblies in the cell controlled by the control rod be removed
from the reactor core before the interlock can be bypassed ensures
that withdrawal of another control rod does not result in inadvertent
criticality. Each control rod provides primary reactivity control
for the fuel assemblies in the cell associated with that control rod.

Thus, removal of an entire cell (fuel assemblies plus control rod)
results in a lower reactivity potential of the core. The
requirements for SRM OPERABILITY during these CORE ALTERATIORS assure
sufficient core monitoring.
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REFERENCES

I Refueling interlocks (BFNP FSAR Subsection 7.6)
Core Monitoring

The SRMs are provided to monitor the core during periods of unit
shutdown and to guide the operator during refueling operations and unit
startup. Requiring two OPERABLE SRMs (FLCs) during CORE ALTERATIONS
assures adequate monitoring of the fueled region(s) and the core
quadrant where CORE ALTERATIONS are being performed. The fueled region
is any set of contiguous (adjacent) control cells which contain one or
more fuel assemblies. An SRM is considered to be in the fueled region
when one or more of the four fuel assembly locations surrounding the
SRM dry tube contain a fuel assembly. An FLC is considered to be in
the fueled region if the FLC is positioned such that it is monitoring
the fuel assemblies in its associated core quadrant, even if the actual
position of the FLC is outside the fueled region.

Each SRM (FLC) is not required to read ) 3 cps until after four fuel
assemblies have been loaded adjacent to the SRM (FLC) if no other fuel
assemblies are in the associated core quadrant. These four locations
are adjacent to the SRM dry tube. When utilizing FLCs, the FLCs will
be located such that the required count rate is achieved without
exceeding the SRM upscale setpoint., With four fuel assemblies or fewer
loaded around each SRM, even with a control rod withdrawn, the
configuration will not be critical.

Under the special condition of removing the full core with all centrol
rods inserted and electrically disarmed, it is permissible to allow SREM
count rate to decrease below three counts per second. All fuel moves
during core unloading will reduce reactivity. It is expected that the
SRMs will drop below three counts per second before all of the fuel is
unloaded. Since there will be no reactivity additions during this
period, the low number of counts will not present a hazard. When
sufficient fuel has been removed to the spent fuel storage pool to drop
the SRM count rate below 3 cps, SRMs will no longer be required to be
OPERABLE. Requiring the SRMs to be functionally tested prior to fuel
removal assures that the SRMs will be OPERABLE at the start of fuel
removal. The once per 12 hours verification of the SRM count rate and
signal-to-noise ratio ensures their continued OPERABILITY until the
count rate diminishes due to fuel removal, Control rods in cells from
which all fuel has been removed and which are outside the periphery of
the then existing fuel matrix may be armed electrically and moved for
maintenance purposes during full core removal, provided all rods that
control fuel are fully inserted and electrically disarmed.

REFERENCES

1. Neutron Monitoring System (BFNP FSAR Subsection 7.5)
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- Morgan, W. R., "In-Core Neutron Monitoring System for General
Electric Boiling Water Reactors," General Electric Company, Atomic
Power Equipment Department, November 1968, revised April 1969
(APED-5706)

cpent Fuel Pool Water

The design of the spent fuel storage pool provides a storage location
for approximateliy 140 percent of the full core load of fuel assemblies
in the reactor building which ensures adequate shielding, cooling, and
reactivity control of irradiated fuel. An analysis has been performed
which shows that a water level at or in excess of eight and one-half
feet over the top of the stored assemblies will provide shielding such
that the maximum calculated radiological doses do not exceed the limits
of 10 CFR 20. The normal water level provides 14-1/2 feet of
additional water shielding. The capacity of the skimmer surge tanks is
available to maintain the water level at its normal height for three
days in the absence of additional water input from the condensate
storage tanks, All penetrations of the fuel pool have been installed
at such a height that their presence does not provide a possible
drainage route that could lower the normal water level more than
one-half foot,

The fuel pool cooling system is designed to maintain the pool water
temperature less than 125°F during normal heat loads. If the reactor
core is completely unloaded when the pool contains two previous
discharge batches, the temperatures may increase to greater than

125°F., The RHR system supplemental fuel pool cocling mode will be used
under these conditions to maintain the pool temperature to less than
125°P.

Reactor Bujlding Crane

The reactor building crane and 125-ton hoist are required to be
OPERABLE for handling of the spent fuel in the reactor building. The
controls for the 125-ton hoist are located in the crane cab, The
five-ton has both cab and pendant controls.

A visual inspection of the load-bearing hoist wire rope assures
detection of signs of distress or wear so that corrections can be
promptly made if needed,

The testing of thz various limits and interlocks assures their proper
operation when the crane is used.

Spent Fuel Cask

The spent fuel cask design incorporates removable lifting trunnions.
The visual inspection of the trunnions and fasteners prior to
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