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1.1 UKL CLADRING INIEGRITY

Unit 1

Applicability

Applies to the interrelated
variables associated vwith fuel
thermal behavior.

Qbiective

To esrablish limits which
ensux. the integrity of the
fuel cladding.

A. Thermal Power Limits

1. Reactor Pressure >800
paia and Core Flow
> 10% of Rated.

When the resctor
pressure is greater
than 800 paia, the
saxistancs of & sinimue
eritical powar ratio
(NCPR) less than 1.07
shall constitute 110
violation of ths fuel
cladding integrity
safety limic.

LIMITING SAFETY SYSTEM SETTING
2.1 FUEL CLADDING INTEGRITY
Apelicability

Applies to trip settings of
the instruments and devices
vhich are provided to
prevent the resctor system
safety limits from being
exceeded.

Qhlective

To define the level of the
process variables at wvhich
sutomatic protective action
is initiated to prevent the
fuel cladding integrity
safety limit from being
exceeded,

dpscifications

The limiting safety system
settings shall be as
specified below:

A. Nauizom Flux Irip
dettings

1. APEM Flux Scram
Trip Setting
(Run Mode) (Flow
biased)

a. VWhan the Mode
Svitch is in
the EUN
position, the
APRM flux
scram trip
setting
shall be:

101/301"1



Ll RARGE.  FURL CLADOIMG INTEGRITY SAFETY LINIT

T™e fuel cladding represents one of the physical barriers which
separete radiocactive materials from environs. The integrity of this
cledding bearrier is related to its relative freedom from
perforations or cracking. Although scme 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. Puel cladding perforations, however, can
result from thermal stresses which occur from reactor operation
significantly above design conditions and the protection system
setpoints. Wwhile filssion 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 Bay cause gross rather
than incresantal cladding deterioration. Therefore, the fuel
cladding safety limit is defined in terms of the reactor operating
conditions which can result in cladding perforation.

T™he 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 Puel
Cladding safety Limit is defined with margin to the conditions which
would produce onset transition boiling (MCPR of 1.0). This®
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conservative margin relative to the conditions required to maintain
fuel cladding integrity.

Onset of transition boiling results in a decreass in heat transfer
from the clad and, therefore, elevated clad temperature and the
possibility of clad fellure. Since bolling 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 cnset of transition bolling, divided by the actual bundle
power. The minimum value of this ratio for any bundle in the core
is the minlmum critical power ratio (MCPR). It is assumed that the
plant operation is controlled to the nominal protective setpoints
via the instrumented variables, i.e., normsl plant operation
presented on Figure 2.1-1 by the nominal expected flow control
line. The Safety Limit (CPR-of—1-909) has sufficient conservatiss
to ¢ that in the event of an abnormal operational transient
in ed from & norasl operating condition (MCPR > limits specified
in Specification 3.5.X) more than 99.9 percent of the fuel rods in
the core are expected to avold boiling transition. The margin

_ . between MCPR of 1.0 (onset of transition boiling) and the safety
_l_m,\m 1s derived from a detalled statistical analysis
considering all of the uncertainties in msonitoring the core
operating state including uncertainty in the bolling transition
correlation as described in Reference 1. The uncertainties emp loyed
In deriving the safety limit are provided at the beginning of each
fuel cycle.

1.1/72.1-8

Maintaining the MCPR greater than the Safety Limit MCPR




1.1 BASES (Cont'd)

Because the bolling transition correlation s based on a large

quantity of full scale data there is a very high confidence tha
operation of a fuel assembly at the condition of MCPR &4-+877would ™\
not produce bolling transition. Thus, although it 1s not required

to establish the safety limit additional margin exists between the
safety limit and the actual occurrence of loss of cladding integrity.

However, 1f bolling transition were to occur, clad perforation would
not be expected. Cladding temperatures would increase to
approximately 1100°F which is below the perforation temperature of
the cladding material. This has been verified by tests in the
General Blectric 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 1400 psia during normal power
operation (the limit . applicabllity of the boiling transition
correlation) it would be assumed that the fuel cladding integrity
Safety Limit has been vioclated.

At pressures below 800 psia, the core elevation pressure drop

(0 power, 0 flow) 18 greater than 4.56 psi. At low powers and flows
this pressure differential is maintained in the bypass reglon of the
core. Since the pressure drop In the bypass reglon is essentially
all elevation head, the core pressure drop at low powers and flow
will always be greater than 4.56 psl. Analyses show that with a
flow of 28x103 1bs/hr bundle flow, bundle pressure drop is nearly
independent of bundie power and has a value of 3.5 psi. Thus, the
bundle flow with a 4.56 psi driving head will be greater than

28x103 1bs/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 powar of more than %50
percent. Thus, a core thermal power limit of 29 parcent for reactor
pressures below 800 psia is conservative.

Por 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 abllity 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 remmdns covered with water, sufficlient cooling is avalliab.e to
prevent fimel clad perforation.

BFN 1:173.1+9
unit 1

egqual to the Safety Limit MCPR
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2.1 BASES (Comt'd) BEC 0 7 1994

Analyses of the limiting transients shov that no scram P
sdjustment is required to assure MCPR a<in07 Vhen the transiemt
is initiated from MCYR limits specified in Specificatiom 3.5.k. |

|
2. AREM Pl Scram Irie Secting (REFUEL o STAKITUP/HOT STANDEY MODE) ||
[

For operation in the startup mode vhile the reactor is at low }
pressure, the APRM scram setting of 15 percent of rated pover (

provides adequate thermal margin betveen the setpoint and the
safety limit, 25 percent of rated. The margin is adequate to
sccommodate anticipated maneuvers assdciated with power plant
startup. Effects of increasing pressure at zero or lov voild
content are minor, cold wvater 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 backsd up by
the rod vorth minimizer. Thus, of all possible sources of
reactivity {nput, umifors comntrol rod vithdraval is the most
probable cause of significant powver rise. Because the flux
distribution associsted vith unifors rod vithdrawals does not
involve high local peaks, and because several rods aust be moved
to change pover by a significant percentage of rated pover, the
rate of pover rise is very slov., GCenerally, the heat flux is in
near equilidbrium with the fisasion rate. In an assumed uniform

rod vithdraval approach to the scram level, the rate of power f
rise i» no more than 5 percent of rated pover per minute, and
the APEM system would be more than adequate tO assure & scram
before the pover conld exceed the safety limit. The 15 percent
APEM scram remains active until ths mode switch is placed in the
RUN positiom. Thias switeh occurs vhen reactor pressure is
greater than 850 peig.

3. IRM Flux Scxam Irin Jestins

The IEM System comsists of 8 chambers, 4 in each of the reactor \
proetection systam logic chanmels. The IRN is a S5-decade \
instrument which covers the range of power level betwveen that
covered by the SEN and the APEM. The 5 decades are covered by
the IE¥ by means of s range svitch and the 5 decades are broken |
down into 10 renges, sach being one-half of & decads in size. i
The IRM scram setting of 120 divisions is sctive in each range

of the IRM. For example, if the instrument vere om range 1, the
seram setting vould bde st 120 divisions for that range; likevise

{f the instrument vas om range 5, the scram setting would be

120 divisions on that range.

e ———————————————

i® greater than the Safety Limit MCPR /

BYE 1.1/2.1-13 AMENDMENT NO. 2 1 3
Undt 1



2.1 BASES (Cent'd) MAY 11 ﬂs

IRM Flux Scram Irie Setsins (Continued)

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

1§ percent scram prevents higher pover operation without being
{n the RUN mode. The IRM scram provides protection for changes
vhich occur both locally and over the entire core. The most
significant sources of reactivity change during the power
incresse are due to control rod vithdraval. For insequence
control rod withdraval, the rate of change of power is slow
enough due to the physical limitation of vithdraving control
rods that heat flux is in equilibrium vith the neutron flux. An
IEM scram would result in a reactor shutdown well before any
SAFETY LIMIT is exceeded. For the case of a single control rod
vithdraval error, a range of rod vithdraval accidents vas
analyzed. This analysis {included starting the accident at
various powver 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 illustrated in

paragraph 7.5.5 of the FSAR. Additional conservatism was taken
in this analysis by sssuming that the IEM charnel closest to the
vithdravn rod is bypassed. The rosults of this analysis show
that the reactor is scrammed and peak pover lllitud/gg_gn.___,_"_\
percent of rated pover, thua maintaining MCPR above,30). Based
on the above analysis, the IRM provides protection against local
control rod withdravel errors and continuous vithdraval of
control rods in sequence.

/

the Safety Limit MCPR
4. Fized Hish Neutron Flux Scram Ixip

The average pover range monitoring (APRM) system, which i»
calibrated using heat balance data taken during steady-state
conditions, reads in percent of rated pover (3,293 WWt). The
APEM systea responds directly to neutron flux., Licensing
anslyses have demonstrated that vith a2 neutron flux scram of 120
percent of rated power, none of the abnormal operational
transients enalyzed violate the fuel SAFETY LIMIT and there is a
sudetantial margin from fuel damage.

APEM Control Rod Block

Reactor pover level may be varied by moving control roda or by
varying the recirculation flov rate. The APRM system provides a
control rod block to prevent rod vithdravel beyend a given point at
constant recirculation flow rate and thus prevents scram actuation.
This rod block trip setting, vhich is automatically varied with
recirculation loop flow rate, prevents an increase in the reactor
power level to excess values due to control rod withdraval. The
flov variable trip setting is gelected to provide sdequate margin to
the flow-blased scram setpoint.

1.1/2.1-14 TS 357 = TVA Letter

Unit 1 Dated 05/11/95



2.1 BASES (Cont'd) MAY 11 1995
C. Reastox Water Low Level Scram snd Isclation (Exceot Malin Steam Lines)

The setpoint for the lov level scram is above the bottom of the
separator skirt. This level has been used in transient analyses

dealing vith coolant inventory decrease. The results reported in

FSAR subsection 14.5 shov 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 J=@7,1n all
cases, and system pressure does not reach the safety valve

settings. The scram setting is sufficiently belov normal operating i>
range to avoid spurious scrams.

D. ZTurbine Stop Valve Closure SCrad

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 is such
that adequate thermal margins are maintained even during the vorst
case transient that assumes the turb’ bypass valves remain
closed. (Reference 2)

the Safety Limit MCPR

E. Turbipe Control Valve Fast Closure or Turbine Irip 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 comtrol
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 schieved by rapidly reducing hydraulic comntrol oil
pressure at the main turbine control valve actuator disc dump
velves. This loss of pressure is sensed by pressure svitches wvhose
contacts form the one-out-of-two-twice logiec input to the reactor
protection system. This trip setting, » 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. No significant change in MCPR
occurs. BRelevant transient analyses are discussed in References 2
and 3 of the Final Safety Analysis Report. This scram is bypassed
vhem turbine steam flow is belov 30 percent of rated, as measured by
turbine first state pressure.

BFN 1.1/2.1-1% TS 357 - TVA Letter
Unit 1 Dated 05/11/95
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3.3/4.3 BASES (Comt'd)

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

The control rod system is designated to bring the reactor suberitical at
the rate fast eno to prevent fuel damage; 1.e., to prevent the MCPR
rom becoming less than 307. The limiting pover transient is given in
Reference 1. Analysis of thie transient shows that the negative
reactivity rates resulting from the scram with the average response of
all the drives as given in the above specification provide the required
protection, and MCPR remsins greater tham J-8%¥. =

On an early BWR, some degradation of control rod scram performance
occurred during plant startup and wvas determined to be caused by
particulate material (probably construction debris) plugging an internmal
control rod drive filter. The design of the present control rod drive
(Model 7RDBi44AB) is grossly improved by tha relocation of the filter to a
location out of the scram drive path; i.e., it can no longer interfere
vith 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 teats
under simulated reactor operating conditions. The suncesaful performance
of the nev drive under actual operating conditions has also been
demonstrated by consistently good in-service test results for plants
using the nev drive and may be inferred from plants using the older model

\

-\__ e T

T  the Safety Limit MCPR

BPN 3.3/4,3-17 AMENDMENT NO. 2 1 6
Unit 1



SAYETY LIMIT LUGTING SAFETY SYSTEM SETTING
1.1 FUKL CLADDING INTEGRITY 2.1 PUEL CLADDING INTEGRITY
Azplicability Applicability

Applies to the interrelated Applies to trip settings of
variables associated with fuel the instruments and devices
thermal behavior. vhich are provided to
prevent tha reactor system
safety limits from being
exceeded.

Qkisctive Chisctive

To establish limite which To define the level of the
ensure the integrity of the process variebles at vhich
fuel cladding. automatic protective actio:
is initiated to prevent the
fuel cladding integrity
safety limit from being
exceeded.

spacitications

The limiting safety system
settings shall be as
specified below:

A. Thermal Pover Lisita A. HNeutron Flux Irxip
ssttings

1. Reactor Pressure >800 1. APEM Flux Scram

psia and Core Flow Trip Setting

> 10% of Rated. (RUN Mode) (Flow
Blased)
When the reactor
préssure is greater 4. Vhen the Mode
than 800 psia, the Switch {8 in
axistence of a minimum the RUK
critical power ratio poaition, the
(MCPR) less than 3:0% APRM flux
ahell comstitute L /0 scram trip
violation of the fuel setting
cladding integrity shall be:
safety limic.

1.1/2.1‘1




1.1
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BASES: UKL CLADDRING INIEGRITY SAFETY LIMIT NOV 17 1998

The fuel cladding represents one of the phyeical barriers vhich
separste radiocactive materials from environs. The integrity of this
cladding barrier is related to its relative freedom from
perforations or cracking. Althcugh 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 cleadding perforations, hovever, can
result from thermal atresses vhich occur from reactor operatiom
significantly above design conditions and the protection system
setpoints., While fisseion product migration from cladding
perforation is juat as measurable as that from use-related cracking,
the thermally-csused cladding perforations signal e threshold,
beyond vhich still greater thermal stresses may cause gross rather
than incremental cladding detericratiom. Thersfore, the fuel
cladding safety limit is defined in terms of the reactor operating
conditions wvhich can result in cladding perforatiom.

The fuel cladding integrity limit is set such that no calculated
fuel damage wvould occur as a result of an abrormal operationmal
transient, Becasuse fuel damage is not directly observable, the Fuel
Cladding Safety Limit is defined vith margin to the conditions which
vould produce onset transition boiling (MCPR of 1.0). This—"—

S
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MCFPR

conservative margin relative to the conditions regaired to maintain
fuel cladding integrity.

Onset of transitiom 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 transitiom is
calculated from plant operating parameters such as core power, core
flow, fesdvater temperature, and core pover distribution. The
margin for each fuel assembly is characterized by the critical power
ratio (CPR) vhich is the ratic of the bdundle power vhich would
produce onset of transitiom boiling divided by ths actual dundle -l
pover. The minisus value of this ratic for any bundle in the core
is the minimum critical pover ratio (MCPR). It is assumed that the
plant operation is comtrolled to the nominal protactive setpoints
via the instrumented variables, i.¢., normal plant operatiom
pressnted on FPigure 2.1-1 by the nominal expected flow control

line. The Safety Limit (MEPR-of-1:07) has sufficient conservatism
to aseurs that in ths event of an abmormal operational transient
initiated from a normal operating condition (MCIR » limits specified
in Specification 3.5.K) more than 99.9 percent oy the fuel rods in
the core are expected to avoid boiling transitiom. The margin

~_between MCPR of 1.0 (onset of transitiom boiling) and the utoty

m\mu derived from a detailed statistical analysis
'émidcrtu all of the uncertainties in monitoring the core
operating state including uncertainty im the boiling transitiom
correlation as described in Reference 1. The uncertainties employed
in deriving the safety limit are provided at the begimning of each
fuel cycle.

1.172.1-8 TS 370

Unit 2 Letter Datec

Maintaining the MCPR greater than the Safety Limit MCPR
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1.1 BASES (Comt'd) NOV 1 7 1995

Because the boiling transition correlation is based on a large
quantity of full scale data there is a very high confidence %
operation of a fuel sssembly at the condition of MCPR #.1.07 wvould
not produce boiling transition. Thus, aithoush it is not required
to establish the safety limit additional margin exists between the
safety linit and the actual occurrence of lose of cladding integrity.

-
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Hovever, if boiling transition vere to occur, clad perforation would ~
not be expected., Cladding temperatures would increase to Sy
approximately 1,100°F which is below the perforation temperature of ‘;,’,
the cladding material. This has beom verified by testa in the -
General Blectric Test Reactor (CETR) vhere fuel similar in design to
BIWP operated above the critical heat flux for a significant period 0
of time (30 minutes) wvithout clad perforatiom. .5
0
v
—
o
- )
o
9

If reactor pressure should ever exceed 1,400 psia during normal
pover 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 elevaticm pressure drop

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

all elevation head, the core pressure drop at low pover and flows |
will nlv;n be greater than 4.5 psi. Analyses shov that with a flow -1
of 28x10° lbe/br bundle flov, bundle pressure drop is nearly
independent of bundle pover and has a valuve of 3.5 pei. Thus, the
butu! flow vith a 4.56 pei driving head will be grester thanm

28x107 1lbe/hir. Full scale ATLAS test data taken at pressures from
14.7 peia to 800 peis indicate that the fuel assembly critical pover
st this flov is approximetely 5.35 MWet. Wwith the design peaking
factors this corresponds to a core thermal pover of more than 50

percent. Thus, a core thermal pover limit of 25 percent for reactor
pressures belov 800 psis is conservative.

For the fuel in the core during periods vhem the reactor is shut
down, consideratiom must also be given to vater level requirements
due to the effect of decay heat. If water level should drop below
the top of the fusl during this time, the ability to remove decay
heat is reduvced. This reduction in cooling capadbility could lead to
elevated cladding temperatures and clad perforation. As long as the
fuel remaine covered with water, sufficien: cooling is available to
preveant fuel clad perforation.

Unit 2 Letter Dated



2.1 BASRS (Comt'd) NOV 1 7 195

BFN
Unit 2

Analyses of the limiting transients show that no sc
adjustment is required to assure MCPR 330V vhen the transient
is initiated from MCPR limits upociuod in Specification 3.5.k.

ARRM Flux Scram Izxip Setting (REFUEL or STARIUP/HOT STANDEY MODE)

For operation in the startup mode wvhile the reactor is at lovw
pressure, the APRM scram setting of 15 percent of rated pover
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 powver plant
startup., Effects of increasing pressure at zero or lov void
content are minor, cold water from sources available during
startup is not such colder than that already in the system,
temperature coefficients are amall, and control rod patterns are
constrained to be uniform by operating procedures backed up by
the rod vorth minimizer. Worth of individusl rods is very low
in a uniform rod pattern. Thus, of all possible sources of
reactivity input, uwmifore control rod withdrawal is the most
probable cause of significant power rise. Because the flux
distribution associated vith uniform rod withdrawals does not
involve high local peaks, and becsuse sevarsl rods must be moved
te change pover by a significant percentage of rated pover, the
rate of pover rise is very slov. Generally, the heat flux is in
near equilibrium with the fission rate. In an assumed uniform
rod vithdraval approach to the scrax level, the rate of pover
rise is no more than five percent of rated pover per minute, and
the APRM system would be more than adequate to assure & scram
before the power could exceed the safety limit. The 15 percent
WPEM scram remains active until the mode swvitch is placed in the
RN positiom. This switch occurs when reactor pressure is
greater than 850 peisg.

IR Flux Scram Irie Settins

The IRM System consists of wight chambers, four in each of the
reactor protection system logic channeis. The IRM is a

five-decade instrument which covers the range of pover level
betveen that covered by the SEM and the APRM., The five decades

are covered by the IEM by means of « range switch and the five
decades are brokem 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
vas on range 1, the scram setting would be 120 divisions for |
that range; likewise {f the instrument was on range 5, the scram
setting would be 120 divisions for that range. ‘

//
is greater than the Safety Limit MCPR —

1.1/2.1-13 TS 370
Letter Dated 11/17/95

e e ————



2.1 BASES (Comt'd) NOV 1 7 19%
1EM rlux Scram Irie Setting (Continued)

Thus, as the IRM is ranged up to accommodate the incresse in

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

120 divisions on the IRM instruments remains in effect as long

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

15 percent scram prevents higher powver operation wi*hiut being

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

vhich occur both locully and over the entire core. The most
significant sources of reactivity change during the powver

increase are due to control rod withdraval. For insequence

control rod withdraval, the rate of change of power is slovw

enough due to the physical limitation of withdrawing control

rods that heat flux is in equilidbrium with the neutrom flux. An

IRM scram would result in & 'eactor shutdown vell before any

SAFETY LIMIT is exceecded. For the case of & single contrel rod
vithdraval error, a range of rod vithdrawval accidents vas

analyzed. This analysis included starting the accident at

various pover levels. The most severe case involves an initial
condition in wvhich 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 PSAR. Additional conservatism vas

taken in this analysis by assuming that the IEM channel closest

to the vithdrawn rod is bypessed. The results of this analysis

shov that the reactor is scrammed and peak pover limited to one
percent of rated pover, thus maintaining MCPR above 1507, Based
on the above analysis, the IRM provides protectiom against local
control rod withdravel errors and continoous wvithdrawal of
7~

control rods in seguence. -

the Safety Limit MCPR

Eixed High Heutrom Flux Screm Izip

The aversge pover range monitoring (APRM) system, vhich is
calibrated using heat balance data taken during stesady-state
conditions, reads in percent of reted power (3,293 Wit). The
. APRM system responds directly to neutrom flux. Licensing
analyses have demcnstrated that with a neutron flux scram of 120
psrcent of rated powver, none of the abmormal operstional
transisnts analysed violate the fuel SAFETY LIMIT and thers is o |
subetantial sargin from fuel damage.

ARRN Contrel Kod Bleock

Reactor power level may be varied by moving contrel rods or by
varying the recirculation flov rate. The APEM system provides &
control rod block to preveat rod vithdraval beyond a given point at
constant recirculation flov rate and thus prevents scram sctuation.
This rod block trip setting, vhich is automatically varied with
recirculation loop flow rate, prevents an increase in the reactor
pover level to excess values due to control rod withdrawal., The
flow varieble trip setting is selected to provide adequate margin to
the flow-biased scram setpoint.

1.1/2.1~-14 TS 370
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2.1 BASES (Comt'd) NOV 17 1995

c.

Reactor Water Lov Level Scram and Isolation (Except Main Stesm 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 vith coolant inventory decresse. The results reported in
FSAR Subsection 14.5 shov that scram and isolation of all process
lines (except main steam) at this level adequately protects the fuel
and the pressure barrier, because WCPR is greater than 07,in all ‘\\
cases, and system pressure does not reach the safety valve
settings. The scram setting is sufficiently belovw normal operating ///
range to avoid spurious scrams.

the Safety Limit MCPR

Turbine Stop Valve Closure SCIam

The turbine stop valve closure trip anticipates the pressure,
neutron flux and heat flux increases thet would result from closure
of the stop valves. With a trip setting of 10 perceant of valve
closure from full open, the resultant incrcase in heat flux is such
that adeguate thermal margins are ssaintained even during the worst
case transient that assumes the turbine bypass valves remain
closed. (Reference 2) .

Turbine Control Valve Faat Closure .r Iurbine Irip Scras

Turbine control valve fest closure or turbiue trip scram anticipates
the pressure, neutrom flux, and heat flux increase that could result
from control valve fast closure due to load rejectiom or comtrol
valve closure due te turbine trip; ecach without bypass valve
capability. The reactor protection system initistes a scram in less
thar 30 milliseconds after the start of control valve fast cloaure
due to load rejecticm or comtrol valve closure due to turbime trip.
This scram is achieved by rapidly reducing hydraulic comtrol eil
pressure at the main “uibine control valve actuator disc dump
valves. This loss »f pressure is sensed by pressure switches vhose
contacts form the me-out-of-two-twvice logic input te the reactor
protection system. This trip setting, & nominally 50 percemt
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. No significant change in MCPR
occurs. Relevant transient analyses are discussed in References 2
and 3 of the Finsl Safety Analyeis Report. This scram is bypassed
vhen turbina steam flow is belov 30 percent of rated, as measured by
turbine first state pressure.

1.1/2.1-1% TS 370
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$. The Rod Block Menitor (RBM) is deaigned to automatically prevent
fuel damage in the event of erronecus rod vithdraval from
locations of high pover density during high power level
operation. Two RBM channele are provided, and one of these may
be bypassed from the console for maintenance and/or testing.
Automatic rod withdraval blocks from one of the channels will
block erroneous rod withdrawal soon enough to prevent fuel
damage. The specified restrictions vith one channel out of
service conservatively assure that fuel damage will not occur
due to rod withdraval errors vhen this condition exists.

C. Scras Insertion Iimes

The control rod system is designed to bring the reactor subcritical at a |
rate fast enough to prevent fuel damage; i.e., tu prevent the MCPR from
“becoming less than 1587. The limiting pover transiemnts are givean in l

Reference 1. Analysis of these transients ashows that the negative
reactivity rates resulting from the scram vith the average response of
all drives as given in the above specifications provide the required |
protection and MCPR remains greater unn‘

On an early BWR, some degradation of contrel rod scrasm performance
occurred during plant STARTUP and vas determined to bs caused by
particulate material (probably construction debris) plugging an internal
control rod drive filter. The deaign of the present control rod drive
(Model 7RDB144B) is grossly lmproved by the relocatiom of the filter to a
location out of the scram drive path; i.¢., it can no longer interfere
vith scram performance, even if completely blocked.

The degraded performance of the original drive (CRD7RDB14A4A) 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 slso been
demonstrated by consistently good in-service test results for plants /
using the nev drive and may be inferved from plants using the older model /

\ e RS e W TGN
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\“ the Safety Limit MCPR
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AA/2.0 FUEL CLADDRING INTEGRITY

e b BEX LML

~WIMITING SAFEIY SYSTEM SETTING

1.1 FUEL CLARRING INIEGRIII

2.1 FUEL CLADDING INTEGRITY

Applicabllity

Applies to the interrelated
varisbles associated with fuel
thermal behavior.

Qbjective

To establish limite which
ensure the integrity of the

fuel

A.

1. Reactor Pressure >800

cladding.

Ihermal Pover Limita

peia and Core Flow
> 10% of Rated.

When the reactor
pressure is greater
than 800 psia, the
existence of & minismum
critical power ratio
(MCPR) less than J.09—
shall constitute ~ /O
violation of the fuel
cladding integrity
safety limic,

101/2-1-1

Ju

Applicability

Applies to trip settings of
the instruments and devices
wvhich are provided to
prevent the reactor svystem
safety limits from being
exceeded.

Qhiective

To define the level of the
prncess variables at which
automatic piotective action
is initiated to prevent the
fuel ciadding integrity
safety limit from being
exceaded.

specification
The limiting safety system

settings shall be as
specified below:

A. Neutrom Flux Irip

ssstings
1. APRM Flux Scram

Trip Setting

(Run Mode) (Flow

Biased)

a. Vhen the Mode
Switch is in
the RUN
position, the
APEM flux
scram trip
setting
shall be:



1.1 BASES: FUEL CLADDING INTEGRITY SAFETY LIMIT NOV 17 1995

The fuel cladding represents one of the physical barriers vhich
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. Fuel cladding perforations, however, can
result from thermal stresses wvhich 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 threahold,
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 vhich can result in cladding perforatiom.

The fuel cladding integrity limit is set such that no calculated
fuel damage vould occur as & result of an abmormal operational
transient. Because fuel damage i@ not directly observable, the Puel
Cladding Safety Limit is defined with wargin to the conditions vhich
would produce onset transition boiling (MCPR of 1.0). Thie<- .
—sasablishes o Safesy Linlt sueh that the ainiwwm erisiced pover—
A_patio (MCPR)4e-ne 1ess tham 1.0} MGPR——1+07 represents a
conservative margin reliative to the conditions required to maintain
fuel cladding integrity.

Onset of transition boiling results in a decrease in heat transfer
from the clnd and, therefore, elevated clad temperature and the
possibility of clad failure. Since boiling transitiom is not a
directly observable paramcter, the margin to boiling transition is
calculated from plant operating parametars such as core pover, core
flow, feedvatsr temperature, and core power distridbution. The
margin for each fuel assembly is characterized by the critical pover
ratio (CPR) vhich is the retio of the bmdle pover which would
produce onset of transitiom Loiling divided by the actual bundle
pover. The minisum value of this ratio for auy bundle in the core
is the miniwum critical power ratio (MCPR). It is sssumed that the
plant operation is controlled to the nominal protective setpoints
vie the instrumented variables, i.e., normal plant operstiom
presemted on Pigure 2.1-1 by the nominal expected flow comtrol

line, The Safety Limit (NOPR ©Y 1707) has sufficient conservatisa
to assure that in the event of an abmormal operational tranaient
initiated from & normal operating condition (MCPR > limits specified |
in Specification 3.5.K) more than 99.9 percent of the fuel rods in L
the core are expected to avoid boiling transition. The margin
betveen MCPR of 1.0 (onset of transitiom boiling) and the pafety
11-1: 3+09-18 derived from a detailed statistical analysis
constdcrin; all of the uncertainties in monitoring the core
operating state including uncertainty in the boiling transitionm
correlation as described in Reference 1. The uncertainties emplcye?
in deriving the safety limit are provided at the begimning of each
fuel cycle.

[ 4
oW
&)
x
&
v
=]
-
-
>
)
Y
e
<
%]
o
£
+~
=}
)
=5
4
S
b
4
L)
Q
¥
o
o
Qu
Q
=
Q
£
~
o
s
-
c
-
q
-
i
=

Unit 3 Letter Dated ..




-_ e

1.1 BASES (Comt'd) NOV 1 7 1995

Because the boiling transitiom correlation is based on a large
quantity of full scale data there is s very high confidence t%;_\
operatiom 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 additicnal margin exists betveen the
safety limit and the actual occurrence of loss-of-cladding integrity.

Hovever, if boiling transition vere to occur, clad perforation would
not be expected. Cladding temperatures would increase to
approximately 1,100°F vhich is below the perforation temperature of
the cladding material. This has been verified by tests in the
Genercl Electric Test Raoactor (GETR) vhere fuel similar in design to
EFNP operated above the critical heat flux for & significant period
of time (30 minutes) without clad perforatiom.

1° reactor pressure shouldl ever euczed 1,400 peia during normal
pover operation (the limit of applicability of the boiling
transition correlation) it would be assumed that the fuel cladding
integrity Safety Limit has been violated.

equal to the Safety Limit MCPR

At pressures below 800 peia, the core elevation pressurs drop
(0 power, 0 flow) is greater than 4.56 pei. At low powers and flows
this pressure differential is maintained in the bypass regiom of the
core. $Since the pressure drop in the bypass region is essentially
all elevation head, the core pressurs drop at low pover and flows
will al be greater than 4.5 pei. Analyses show that with a flow
of 28x10° lbe/hr bundle flow, bundle pressure drop is nearly
independent of bundle power and hes & value of 3.5 psi. Thus, the
bundls flow with & 4,36 pei driving bhead will be greater than
282107 lbe/hr. PFull scale ATLAS test data taken at preasures from
. 14.7 peia to 8500 peis indicate that the fuel assembly critical power
. at this flow is approximately 3.35 MWe, With the design peaking
factore this correspcnds to & core thermal power of more than 50
percent. Thus, 8 coie thermal power limit of 25 percent for reactor
pressures below 800 paia is conservative.

-t A

For the fuel im the core during periods vhen the resctor 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 tep of the fusl daring thie time, the ability to remove decay
heat-§8 reduced. This reduction in cooling capability could lead to
elevetad cledding temperatures and clad perforatiom. As long as the
fuel remains covered with water, sufficient cooling is available to
prevent fuel clad pertoratiom.

Unit 3 Letter Dated ! .~ ~5
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Analyses of the limiting transients show that no ecr
sdjustment is required to assure MCPR #1-07,Vhen the transient
is initiated from MCPR limitas specified in Specificatiom 3.5.k.

APRM Flux Scram Irip Settins (REFUEL or STARTUP/HOT STANDEY MODE)

For operation in the startup mode vhile the reactor is at low
pressure, the APEM scram setting of 15 percent of rated power
provides adequate thermal margin betveen the setpoint and the
safety limit, 25 percent of rated. The margin is adequate to
sccommodate anticipetod maneuvers asscciated with powei plant
startup. Effects of increasing pressure at zero or low void
content are minor, cold vater from sources available during
startup is not much colder than that slready in the system,
temperature coefficients are small, and control rod patierns are
constrained to be uniform by operating procedures backed up by
the rod warth minimizer. Worth of individusl rods is very low
in & uniform rod pattern. Thus, of all posaible sources of
reactivity input, uniform control rod withdrawal is the most
probable cause of significant pover rise. Becausse the flux
distridution associated vith uniform rod vithdravals does not
involve high local peaks, and because several rods must be moved
to change pover by & significant percentage of rated pover, the
rate of pover rise is very slov. GCenerally, the heat flux is in
near equilibrium with the fission rete. In an assumed wnifors
rod withdravael spproach to the scram level, the rate of power
rige is no more than 5 percent of rated power per minute, and
the APEN 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 ie placed in the
EUN position. This switch occurs whem reactor prassure i
greater than 850 peig.

IRM Flux Scrae Izip Setting

The IRN Systes consists of eight chambers, four in esch of the
resctor protection system logic channels. The IEN is &
five-decade instrument vhich covers the range of pover level
betveen that covered by the SEM and the APERM. The five decades
are covered by the IRM by means of & range svitch and the five
decades are broken down into 10 ranges, each being ome-half of a
decade in size. The IRM scram setting of 120 divisions is
sctive in each range of the IRM. For example, if the instrument
vas cn range 1, the scram setting would be 120 divisions for
that range; likewise if the ins rument vas on rangs 5, the scram
setting would be 120 divisions that range.

is greater than the Safety Limit MCPR

1.,2.1-13 TS 370
Letter Dated




2.1 BASES (Comt'd) NOV 1 7 1895
IEM Flua Scram Trip Seccing (Contimued)

Thus, a8 the IRM is ranged up to accommodate the increase in

pover level, the scram setting is also ranged up. 4 scram at

120 divisions on the IRM inatruments resains in effect as long

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

15 perceant scram prevents higher power operation without being

{n the RUN mode. The IEM scram provides protection for changes
vhich oceur both locally and over the entire core. The most
significant sources of reactivity change during the pover

{ncrease are due to control rod withdrewval. For insequence
contrel rod vithdraval, the rate of change of powver is slovw

enough due to the physical limitation of vithdraving control 1
rods that hest flux is in equilibrium vithb the neutron flux. An
IRM scras woul! result in a reactor shutdown vell Lifore any
SAFETY LIMIT {s exceeded. For the case of a single contr~l rod
vithdraval error & range of rod vithdraval accidents vas
analyzed. This analysis included starting the accident at

various pover levels. The most severe case involves an initial
condition in which the reactor is just subcritical and the IRN
system is not yet onm scale. This condition exists at quarter

rod density. Quarter rod density is discussed in

parsgraph 7.5.5.4 of thu PSAR. Additional conservatisa vas

token in this analysis by assvming that the IRM channsl closest

to the vithdrawvn rod is bypassed. The results of this analysis
shov that the reactor is scrammed and peak power limited to one
percent of rated pover, thus msintaining MCPR above TA1. Besed
on the above analysis, the IEM provides protection against local
contzol rod withdraval errors and comtinuous vithdraval of

control rods in sequences.

4. Pixed Hish Beutrom Flux Scram Irim

Thy average pover range monitoring (APRM) system, vhich is
calibrated using heat balance data taken during steady-etate
conditions, reals in percent of rated pover (3,293 Mwt). The
APEM gsystes responds directly to neutrom flux., Licensing
analyses have demonstrated that vith a neutrom flux scram of 120
percent of rated power, none of the sbmormal operational
transients analysed violate the fuel SAPETY LIMIT and there is &
substantial margin from fuel damage.

B.  ARRN Comtrel Rod Block

Reactor power lavel may be varied by moving comntrol rods or by
varying the recirculation flov rate. The APEM system provides &
control red block to prevent rod vithdraval beyond a given point at
constant recirculation flow rite and thus prevents scras actuation.
Thie rod block trip setting, vhich is sutomatically varied with
recirculation loop flow rate, prevents an increase in the reactor

the Safety Limit MCPR

BFN 1.1/2.1-14 TS 370
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pover level to excess values due to control rod withdrawal. The
flov varisble trip setting is eelected to provide adequate margin to
the flow-biased scram setpoint.

WW*

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 coclant inventory decrease. The results reported in
FSAR subsection 14.5 show that scram and isolation of all procesa
lines (except main steam) at this level adequately protects the fu
and the pressure barrier, because MCPR is greater than i+97 in all
cases, and system pressure does not reach the safety valve
settings. The scram setting is sufficiently belovw normal cpsrsring
range to avoid spurious scrass.

Turbine Stop Valve Closure SCIam

The turbine stop valve closure trip anticipates the pressure,
peutron flux and heat fiux increases that would result from closure
of the stop valves. With & trip setting of 10 percent of valve
closure from full open, the resultant increase in heat flux is such
that adequste thermal margins are maintained evenm during the vorst
case transient that assumes the turbine bypass valves remain
closed. (Reference 2)

Turbine Contrel Valve Fast Closure or Turbine Ixip Scras

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 rejectiom or comtrol
valve closure due to turbinme trip; each vithout bypess valve
capability. The reactor protection system initiates a scram in less
than 30 milliseconds after the start of control valve fast closure
due to losd rejection or comtrol valve clesure due to turbine trip.
This scram is achieved by rapidly reducing hydraulic cemtrel vil
pressure at the main turbine control valve actustor disc dump
valves. This loss of pressure is sensed by pressure svitches vhose
contacts form the one-out-of-two-twice logic input to the resctor
protection system. This trip setting, & nominally 50 percent
grester 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. No significant change in MCPR
occurs. Relevent transient apalyses are discusaed in Referencea 2
and 3 of the Pinal Safety Analysis Report. This scram is Dypaseed
vhen turbine steam flov is below 30 percent of rated, as measured by
turbine first state pressurc.

the Safety Limit MCPR

1.1/72.1-15 TS 357 = TVA Letter

Unit 3 Dated 05/18/95



3.3/4.3 BASES (Cont'd) NOV 17 1008

5. The Rod Block Monitor (RBEM) is designed to automatically prevent fuel
damage in the event of erroneous rod vithdraval from locations of high
pover density during high power level operation. Two RBEM 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 vithdrawal 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 wvithirawal errore vhen this condition existe.

C. icram Inaextion Times

The control rod system is designed to bring the reactor suberitical at a

rate fast enough to prevent fuel damage; 1i.e., to prevent the MCPR from
~—betoming less than,i.0%+ The limiting pover transients are given in

Reference 1. Analysis of these transients shows that the negative ]

reactivity rates resulting from the scram with the average reaponse of all

drives as given in the above specifications provide the required

protection and MCPR remains greater thao -

On an early BWR, some degradation of control rod scram performance
occurred during plant STARTUP and wvas determined to b~ caused by
particulate material (probably constructiom debris) plugging an internal
control rod drive filter. The design of the presemt comtrol 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

vith screm performance, even if completely blocked.

The degraded performance of the original drive (CRD7RDB144A) under dirty
oparating conditions and the insensitivity of the redesigned drive
(CRD7RDB144B) has been demonstrated by a series of engineering tes:s und.-
simulated reactor operating conditions. The successful performance of the
nev drive under actual opersting 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

the Safety Limit MCPR
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A.1/2.1 FUEL CLADDING INTEGRITY
SAFETY LIMIT LIMITING SAFETY SYSTEM SETTING
1.1 EUBL CLADDING INTEGRITY 2.1 EVEL CLADDING INTEGRITY
13 ) =il
Applies to the interrelated Applies to trip settings of
variables associated with fuel the instruments and devices
thermal behavior. which are provided to prevent
the reactor system safety
limits from being exceeded.
Qbjective QRjective
To establish limits which To define the level of the
ensure the integrity of the process variables at which
fuel cladding. automatic protective action
is initiated to prevent the
fuel cladding integrity
safety limit from being
exceeded,
The limiting safety system
settings shall be as
specified below:
A. Ihermal Power Limits A. Neutzon Filux Tr.p
settings
1. Reactor Pressure >800 8 APRM Flux Scram
psia and Core Flow Trip Setting
> 10% of Rated, (Run Mode) (Flow
biased)
When the reactor
pressure is greater a. When the
than 800 psia, the Mode Switch
existence of a minimum is in the
critical power ratio RUN
(MCPR) less than 1.10 position,
shall constitute the APRM
violation of the fuel flux scram
cladding integrity trip settin:
safety limit. shall be:

BFN 2.5/ %%
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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 cbservable, the Fuel Cladding Safety
Limit is defined with margin to the conditions which would produce onset
transition boiling (MCPR of 1.0). Maintaining the MCPR greater than the
Safety Limit MCPR 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
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 fuesl
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 MCE®®
is derived from a detailed statistical analysis considering all of the
uncertainties in monitoring the core operating state including uncertain-,
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.

1.1/2.1-8
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BASES (Cont'd)

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 equal to the Safety Limit MCPR 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 1100°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 t.me (30 minutes) without clad perforation.

If reactor pressure should ever exceed 1400 psia during normal 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 powers and flow will always be greater than

4.56 psi. Analyses show that with a flow of 28x103 lbs/hr bundle flow,
bundle pressure drop is nearly independent of bundle power and has a value
of 3.5 psi. Thus, the bundle flow with a 4.56 psi driving head will be
greater than 28x103 lbs/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 aprproximately 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. 1If 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.

1.3/2.1+9
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Analyses of the limiting transients show that no scram adjustment is
required to assure MCPR 13 greater than the Safety Limit MCPR when the f
transient is initiated from MCPR limits specified in

Specification 3.5.k.

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. 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 invelve 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.

] . ;

The IRM System consists of 8 chambers, 4 in each of the reactor
protection system logic¢ channels. The IRM is a S-decade instrument
which covers the range of power level between that covered by the SRM
and the APRM. The 5 decades zre covered by the IRM by means ot a range
switch and the 5 decades are broken down into 10 ranges, each beilg
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
were on range 1, the scram setting would be at 120 divisicns for that
range; likewise if the instrument was on range 5, the scram setting
would be 120 divisions on that range.

2.3/2:.3-13
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IRM Flux Scram Trip Setting (Cont )

Thus, as the IRM is ranged up to accommodate the increase in power
level, the scram setting i1s also ranged up. 0 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 ba2ing in the RUN wode. 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 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 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 condition exists at quarter rod
density. Quarter rod density is illustrated in paragraph 7.5.5 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 the Safety Limit MCPR. Based on the above analysis, the IRM
provides protection against local control rod withdrawal errors and
continuous withdrawal of control rods in sequence.

\ High N S 2 1xi

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 vioclate the fuel SAFETY LIMIT and there
is a substantial margin from fuel damage.

8. ARRM Contxol Rod Block

Reactor powet 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, whicnh
i3 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 adequac=
margin to the flow-biased scram setpoint.

BFN
Unit 1
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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 th.s level
adequately protects the fuel and the pressure barrier, because MCPR is
greater than the Safety Limit MCPR 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 1s such that adequate thermal margins are
maintained even during the worst case transient that assumes the turbine
bypass valves remain closed. (Reference 2)

. 1 val ] b4 :

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. No cignificant 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.

2:37/2.1-1%
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$. The Red Block Monitor (RBM) is designed to automatically pcevent
fuel damage in the zvent of errcneous 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 soon enough to prevent fuel damage. The specified
restrictions with one channel out of sarvice conservatively assure
that fuel damage will not occur due to rod withdrawal errors when
this condition exists.

A :

The control rod system is designated to bring the reactor subcritical at
the rate fast enough to prevent fuel damage; i.e., to prevent the MCPR from
becoming less than the Safety Limit MCPR. The limiting power transient is
given in Reference 1. Analysis of this transient shows that the negative
reactivity rates resulting from the scram with the average response of all
the drives as given in the above specification provide the required
protection, and MCPR remains greater than the Safety Limit MCPR.

On an early BWR, some degradation of control rod scram performance occurred
durirg 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 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 (CRT./RDB.*4A) under dirty
operating conditions and the insensitivity of tl.e 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
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Applicability
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A. Thermal Powexr Limits

Applies to the interrelated
variables associated with fuel
thermal behavior.

b1 '

To establish limits which
ensure the integrity of the
fuel cladding.

l. Reactor Pressure >800
psia and Ccre Flow
> 10% of Rated.

Wnen the reactor
pressure is greater
than 800 psia, the
existence of a minimum
critical power ratio
(MCPR) less than 1.10
shall constitute
violation of the fuel
cladding integrity
safety limit.

3.2/3:1%1

Applies to trip settings of
the instruments and devices
which are provided to prevent
the reactor system safety
limits from being exceeded.

S

To define the level of the
process variables at which
automatic protective action
is initiated to prevent the
fuel cladding integrity
safety limit from being
exceeded.

Specifications

The limiting safety system
settings shall be as
specified below:

A. Neutron Flux Trip
Settings

1. APRM Flux Scram
Trip Setting
(RUN Mode) (Flow
Biased)

a. When the Mode
Switch is in
the RUN
position, the
APRM flux
scram trip
setting
shall be:



The fuel cladding represents one of the physical barriers which separate
radicactive 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 scurce 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). Maintaining the MCPR greater than the |
Safety Limit MCPR 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 cperation presented on

Figure 2.1-1 by the nominal expected flow conticl line. The Safety Limit -
has sufficient conservatism to assure that in che 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 MTFR |
is derived from a detailed statistical analysis considering all of the
uncertainties in monitoring the core operating state including uncerta.n:t
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.

1.3/3.2-8
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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 equal to the Safety Limit MCPR 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
Limit has been wviolated.

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 will always be greater than

4.5 psi. Analyses show that with a flow of 28x103 lbs/hr bundle flow,
bundle pressure drop is nearly independent of bundle power and has a value
of 3.5 psi. Thus, the bundle flow with a 4.56 psi driving head will be
greater than 28x103 lbs/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
18 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 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
perforatien,

1.1/2.1-9
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Analyses of the limiting transients show that no scram adjustment is
required to assure MCPR 1s greater than the Safety Limit MCPR when the
transient is initiated from MCPR limits specified in

Specification 3.5.Kk.

For operation in the startup mode wuile 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 presgssure at zevo 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 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
irated power per minute, and the APRM system would be mnore 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 Trxip 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 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, =ach
being cne-half of a decade in size. The IRM scram setting of

120 divisions is active in each range of the IRM. For example, 1f ~:=
instrument was on range 1, the scram setting would be 120 divisions
for that range; likewise if the instrument was on range 5, the scra-
setting would be 120 divisions for that range.

1.1/2:2-13
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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 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 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
cagse 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 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 the Safety Limit MCPR. Based on the above analysis, the IRM
provides pro.ection against local control rod withdrawal errors 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 cof 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 thers
is a substantial margin from fuel damage.

AREM Contzol 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, wh:
1s 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 adeq.i® >
margin to the flow-biased scram setpoint.

3.13/3.1-14%
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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 the Safety Limit MCPR 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.

Tuzrbine 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 is such that adequate thermal margins are
maintained even during the worst case transient that assumes the turbine
bypass valves remain closed. (Reference 2)

bj 1 val - Purbine Trip &

Turbine control valve fast closure or turbine trip scram anticipates the
pressure, neutron flux, and heat flux increase thac 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 S0 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 srop
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.

3-3/2.1-1%
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5. The Rod Block Monitor (KRBM) 13 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.

‘ 13

The control rod system is designed to bring the reactor subcritical at a
rate fast enough to prevent fuel damage; i.e., to prevent the MCPR from
becoming less than the 5afety Limit MCPR. The limiting power transients
are given in Reference i. 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 the Safety Limit MCPR. l

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 7RDB144B) |
is grossly improved .y 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
demcnstrated 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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A. ZThermal Power Limits

EUEL CLADRING INTEGRITY 5.

ApRAACADLILLLY

Applies to the interrelated
variables associated with fuel
thermal behavior.

b ;

To establish limits which
ensure the integrity of the
fuel cladding.

1. Reactor Pressure >800
psia and Core Flow
> 10% of Rated.

When the reactor
pressure is greater
than 800 psia, the
existence of a minimum

© ¢ritical power ratio
(MCPR) less than 1.10
shall constitute
violation of the fuel
cladding integrity
safety limit.

1.1/2.1-1

Applies to trip settings of
Lhe instruments and devices
which are provided to prevent
the reactor system safety
limits from being exceeded.

b3 :

To define the level of the
process variables at which
automatic protective action
is initiated to prevent the
fuel cladding integrity
safety limit from being
exceeded.

Specification

The limiting safety system
settings shall be as
specified below:

A. Neutxon Flux Trip
settinga

3 APRM Flux Scram
Trip Setting
(Run Mode)} (Flow
Biased)

a. When the Mode
Switch i3 in
the RUN
position,
APRM flux
gscram trip
setting
shall be:

the
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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-causel ciadding perforations signal a threshold, beyond which
still great~zr thermal stresses may cause gross rather than incremental
cladding ieterioration. 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). Maintaining the MCPR greater than the
Safety Limit MCPR represents a conservative margin relative to the
conditions required to maintain fuel cladding integrity.

Onset of transition boiling results in a decrease _n 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 1s 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
has sufficient conservatism to assure that in the event cf 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 fu=.
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 MIi=
is derived from a detailed statistical analysis considering all of the
uncertainties in monitoring the core operating state including uncertair-
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.

1:3/2:1~9
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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 tnat operation of a fuel
assembly at the condition of MCPR equal to the Safety Limit MCPR 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 v ,uld .ot be
expected. Cladding temperatures would increase to approximatel  1,1°J°F
which is below the perforation temperature of the cladding materi:.. This
has been verified by tests in the General Electric Tesr 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 assuued 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 bypess 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 snow that with a flow of 28x103 lbs/hr bundle flow, bundle
pressure drop is nearly independent of bundle power and has a value of

3.5 psi. Thus, the bundle flow with a 4.56 psi driving head will be
greater than 28x103 lbs/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 dcwn,
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 coverad
with water, sufficient cooling is available to prevent fuel clad
perforation.

BFN £:3/2.5~%
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Analyses of the limiting transients show that no scram adjustment is
required to assure MCPR 1s greater than the Safety Limit MCPR when the
transient is initiated from MCPR limits specified in Specification
3.5.k.

L _ _ ,

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 reaccivity 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, th2 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 1is
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 B850 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 3RM
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, =ach
heing 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 th=
instrument was on range 1, the scram setting would be 120 divisions © ¢
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 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 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 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 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 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'analylis by assuming
that the IRM channel closest tc 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 the Safety Limict MCPR. Based on the above analysis, the IRM
provides protection against local control rod withdrawal errors and
continuous withdrawal of control rods in sequence.

. Eized High N Flux S -

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 Jemonstrated 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.  AREM Contxol 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 fl-w
rate and thus prevents scram actuation. This rod block trip setting, whi:-n
is automatically varied with recirculation loop flow rate, prevents an

BFN
Unit 3
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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.

B2actor wWatex Low Level Scram and Isolation (ExceDt 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 the Safety Limit MCPR 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.

Tuzbine 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 is such that adequate thermal margins are
maintained even during the worst case transient that assumes the turbine
bypass valves remain closed. (Reference 2)

. al ] by \

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 contvol 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 achievad 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 stog
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.
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Unit 3



3.3/4.3 BASES (Cont'd)

0

S. The Rod Block Monitor (RBM) 1s 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 cut of service
conservatively assure that fuel damage will not occur due to rod
withdrawal errors when this condition exists.

i I : I

The control rod system is designed to bring the reactor subcritical at a
rate fast enough to preveirt fuel damage; i.e., to prevent the MCPR from
becoming less than the Safety Limit MCPR. The limiting power transients are
given in Reference 1. Ana.veis 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 the Safety Limit MCPR.

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 7RDB144B) 1is
grogsly improved by the relocation of the filter to a location out of the
scram drive path; i.e., it can no longer interfers with scram performance,
even 1f 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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