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3.2 POWER DISTRIBUTION LIMITS

3.2.4 Fraction of Core Boiling Boundary (FCBB)

LCO 3.2.4 The 'FCBB shall be <1.0.

APPLICABILITY: THERMAL POWER and core flow in the Restricted Region as specified in
the COLR.
MODE 1 when RPS Function 2.b. APRM Flow Biased Simulated Therma)
Power-High, Allowable Value is "Setup" as specified in the

COLR
ACTIONS
CONDITION REQUIRED ACTION COMPLETTON TTME
A. FCBB not within limit A. Restore FCBB to within 2 hours
for reasons other than limit

an unexpected loss of
feedwater heating or
unexpected reduction 1n
core flow

(continued)
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FCBB

3.2.5
ACTIONS (continued)
CONDITION KeQUIRED ACTION COMPLETTON TIME

8. Required Action and B.1 Imtiate action to exit the [mmediately

assocrated Completion Restricted Region

Time of Condition A not

met

AND

OR

-------- NOTE--~------ B.2 Imtiate action to return

Required Action B.1 and APRM Flow B1ased Simulated Immediately

Required Action B.2 Thermal Power -High following exit of

shall be completed 1f Allowable Value to “non- Restricted Region

this Condition 1§ Setup” value

entered due to an
unexpected loss of
feedwater heating or
unexpected reduction 1n
core flow

FCBB not within 1imt
due to an unexpected
loss of feedwater
heating or unexpected
reduction in core flow

e e e e e e s e e
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SURVE ILLANCE REQUIREMENTS

Not required to be performed unti)

15 minutes after entry into the
Restricted Region if entry was the result
of an unexpected transient

Verify FCBB s 1.0 24 hours
AND

Once within
15 minutes
following
unexpected
transient

R e e e s S ———— )

RIVER BEND 3.2-8 Amendment No.






BASES

FCBB
B 324

RPPLITABLE
SAFETY ANALYSES
(continued)

in reutronic/thermal hydraulic instability due to either
steady-state operation or as the result of an AOO which

initiates and terminates entirely within the Restricted Region.
Analysis also confirms that AQOs initiated from outside the
Restricted Region (1.e., without an initial restrict‘on on FCBB)
which terminate in the Restricted Region are not expected to
result in instability. The types of transients specifically
evaluated are loss of flow and coolant temperature decrease which
are limiting for the onset of instability (Ref. 1).

Although the onset of instability does not necessarily occur if
the FCBB is greater than 1.0 in the Restricted Re?ion. bulk
saturated boiling at the 4 foot boiling boundary Timit has been
adopted to preclude neutronic/thermal hydraulic instability
durln? operation in the Restricted Region. The effectiveness of
this 1imit 1s based on the demonstration (Ref. 1) that with the
1imit met large margin to the onset of neutronic/thermal
hydraulic instability exists and all major state parameters that
affect stability have relatively small impacts on stability
performance .

The FCBB satisfies Criterion 2 of the NRC Policy Statement.

Requiring FCBB < 1.0 ensures the DuTk coolant boil1ing boundary 15
2 4 feet from the bottom of the active core. Analysis (Ref. 1)
has shown that for anticipated operating conditions of core
power, core flow, axial and radial power shapes. and inlet
enthalpy. a boiling boundary of 4 feet ensures variations in
these key parameters do not have a significant impact on
stability performance.

Neutronic/thermal hydraulic instabilities result in power
osc1llations which could result in exceeding the MCPR Safety
Limit (SL). The MCPR SL ensures that at least 99.9% of the fuel
rods avoid bo11ing transition during normal operation and during
an A0 (refeir to the Bases for SL 2.1.1.2).

RPPLICABICTTY

RIVER BEND

The FUBB Timit 15 used Lo prevent core conditions necessary for
the onset of instability and thereby preclude neutronic/thermal
hydraulic instability while operating in the Restricted Region
defined in the COLR.

The boundary of the Restricted Region in the Applicability of
this LCO is analytically established in terms of thermal

B 3.2~13 Revision No. 0



BASES

FCBB
B3.24

APPLTCABITTTY

(continued)

RIVER BEND

power and core fTlow. The Restricted Region 15 defined by

the APRM FTow B1ASE0 Sttt 0Nt 01 Rod
Block upscale alarm setpoints, which are a function of reactor
recirculation drive flow. The Restricted Region Entry Alarm
(RREA) signal 1s generated by the Flow Control Trip Reference
(FCTR) card using the APRM Flow B1aSed St g i
aigb Control Rod Block upscale alarm setpoints. As a result. the
RREA 1s coincident with the Restricted Region boundary when the
setpoints are not "Setup.” and provides indication of entry into
the Restricted Region. However, APRM Flow Biased Si
R CONTrOT Rod Block upscale alarm signals
provided by the FCTR card, that are not coincident with the
Restricted Region boundary, do not generate a valid RREA. The
Restricted Region boundary for this LCO Applicability 1s
specified in the COLR.

The FCBB 1imit 1s also used to ensure that core conditions. while
operating with "Setup” values., remain consistent with analyzed
;rans1ents initiated from inside and outside the Restricted
egion.

When the APRM FlOW B1aS0 bt ool 1110

Rod Block upscale alarm setpoints are “Setup” the applicable

setpoints used to generate the RREA are moved to the interior

boundary of the Restricted Region to allow controlled operation

within the Restricted Region. While the setpoints are “Setup”

the Restricted Region boundary remains defined by the normal APRM

FTOW B1asel Sttt bstiibomistimaetiine- 011110 | ROC BloCk |

upscale alarm setpoints. |
|
|

Parameters such as reactor power and core flow available at the
reactor controls. may be used to provide immediate confirmation
that entry into the Restricted Region could reasonably have
occurred

Operation outside the Restricted Region is not susceptible to !

neutronic/thermal hydraulic instability when applicable thermal |
power distribution limits such as MCPR are met.

B 3.2-14 Revision No. 0



BASES

FCBB
B324

RIVER BEND

AT

If FCBB 1s not within the required 1imit. core conditions
necessary for the onset of neutronic/hydraulic thermal
instability may result. Therefore, prompt action should be taken
to restore the FCBB to within the 1imit such that the stability
of the core can be assured. Following uncontrolled entry into
the Restricted Region, prompt restoration of FCBB within limit
can be expected if FCBB is known to not significantly exceed the
Iimit. Therefore, efforts to restore FCBB within 1imit following
an uncontrolled entry into the Restricted Region are appropriate
1f operation prior to entry was consistent with planned entry or
the potential for entry was recognized as demonstraced by FCBB
being monitored and known to not significantly exceed the limit.
Actions to exit the Restricted Region are appropriate when FCBB
can not be expected to be restored in a prompt manner.

Actions to restart an idle recirculation loop. withdraw control
rods or reduce recirculation flow may result in approaching
unstable reactor conditions and are not allowed to be used to
comply with this Required Action. The 2 hour Completion Time is
based on engineering judgment as to a reasonable time to restore
the FCBB to within 1imit. The 2 hour Completion Time is
acceptable based on the availability of the PBDS per
Specification 3.3.1.3, "Period Based Detection System" and the
low probability of a neutronic/thermal hydraulic instability
event .

B.1 and B.2

Changes in reactor core state conditions resulting from an
unexpected loss of feedwater heating or reduction in core flow
(e.g.. any unexpected reduction in feedwater temperature,
recirculation pump trip. : :

recirculation pump down shift to slow speed, or flow control
valve closure]) require immediate initiation of action to exit
the Restricted Region and return the APRM Flow Biased Simulated
Thermal Power- High Function (refer to LCO 3.3.1.1, Table
3.3.1.1-1, Function 2.b.) to the “non-Setup" value. Condition B
1s modified by a Note that specifies that Required Actions B.1
and B.2 must be completed if this Condition 1s entered due to an
unexpected loss of feedwater heating or reduction in core flow.
This action to exit the Restricted Region is reguired following
unpianned events that occur while operating in the region and can
result 1n signiticant 1oss of stability margin. During such
unpTanned events, adnerence to the FCEﬁ TimT cannot be assured.
Therefore, continued operation in the restricted Region 15 not
appropriate. The compietion of Required Actions B.1 and B.Z 15
required even though FCBB may be caiculated and determined to be
within

B 3.2-1% Revision No. 0



BASES

FCBB
B3.24

ACTIONS

B.1 and B.2 (continued)

Timit. Core conditions continue to change after an unexpected
loss of feedwater heating or reduction in core flow due to
transient induced changes with the potential that the FCBB may
change and the 1imit not be met. The potential for changing core
conditions, with FCBB not met, is not consistent with operation
in the Restricted Region or with the APRM Flow Biased Simulated
Thermal Power- High Function "Setup”. Therefore. actions to exit
the Restricted Region and return the APRM Flow Biased Simulated
Thermal Power-High Function to the "non-Setup” value are
required to be completed in the event Condition B is entered due
to an unexpected loss of feedwater heating or an unexpected
reduction in core flow.

If operator actions to restore the FCBB to within limit are not
successful within the specified Completion Time of Condition A,
reactor operating conditions may be changing and may continue to
change such that core conditions necessary for the onset of
neutronic/thermal hydraulic instability may be met. Therefore,
in the event the Required Action and associated Completion Time
of Condition A is not met, immediate action to exit the
Restricted Region and return the APRM Flow Biased Simulated
Thermal Power- High Function to the "non-Setup” value 15
required.

Exit of the Restricted Region can be accomplished by control rod
insertion and/or recirculation flow increases. Actions to
restart an idle recirculation loop, withdraw control rods or
reduce recirculation flow may result in apggoach1ng unstable
reactor conditions and are not allowed to used to comply with
this Required Action. The time required tn exit the Restricted
Region will depend on existing piant conditions. Provided
efforts are begun without delay and continued until the
Restricted Region i1s exited, operatinn is acceptable.

rcontinued)



BASES (continued)
REQUIREMENTS

2. 4.1

Verifying FCBB < 1.0 is required to ensure the reactor is
operating within the assumptions of the safety analysis. The
boiling boundary 1imit is established to ensure that the core
will remain stable during normal reactor operations in the
Restricted Region of the power and flow map defined in the COLR
which may otherwise be susceptible to neutronic/thermal hydraulic
instabilities.

FCBB 1s required to be verified every 24 hours while operating in
the Restricted Region defined in the COLR. The 24 hour Frequency
15 based on both engineering judgment and recognition of the slow
rate of change in power distribution during normal operation.

The second Frequency requires FCBB to be within the 1imit within
15 minutes following an unexpected transient. The verification
of the FCBB 1s required as a result of the possibility that the
unexpected transient results in the 1imit not being met. The 15
minute frequency 1S based on both engineering judgment and the
availability of the PBDS to provide the operator with information
regarding the potential imminent onset of neutronic/thermal
hydraulic instability. The 15 minute Frequency for this SR is
not to be used to delay entry into Condition B following an
unexpected reduction in feedwater heating. recirculation pump
L1TD ettt it [ ©C 1 PCUTATT0ON pUmp down shoft
to slow speed, or significant flow control valve closure (small
changes in flow control valve position are not considered
significant)]. The action to exit the Restricted Region 1in

Condition B is requir 10l lowing unpianned events that occur
while operating in the region ang Can result in signiticant 10ss
of sfa5%11f

margin. During such unplanned events. adherence to
the FCBB Timit cannot be assured. TEeréTore, continued operation

in the restricted Region is not appropriate.

(continued )



BASES

(continued)

FCBB
B 324

This Surveillance is modi‘ied by a Note which allows 15 minutes
to verify FCBB following entry into the Restricted Region 1f the
entry was the result of an unexpected transient (i.e.., an
unintentional or unplanned change in core thermal power or core
flow). The 15 minute allowance is bascd on both engineering
Judgment and the availability of the PBDS to provide the operator
with information regarding the potential imminent onset of
neutronic/thermal hydraulic instability. The 15 minute allowance
of the Note 1s not to be used to delay entry into Condition B if
the entry into the Restricted Region was the result of an
unexpected reduction in feedwater heating, recirculation pump
LIID . ittt ittt [ 0 1 P CU T AT 100 pUmp down shift
to slow speed. or significant flow control valve closure (small
changes in flow control valve position are not considered
significant)].

-A, Revision 1, “Reactor StabiTity Long Term Solution.

Enhanced 0pt1on I-A.” December 1996
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RPS Instrumentation

SURVEILLANCE REQUIREMENTS

3.3.1.1

1. Refer to T.ble 3.3.1.1-1 to determine which SRs apply for each KPS Function.

2. When a channel is placed in an inoperable status solely for performance of required
Surveillances, entry into associated Conditions and Required Actions may be delayed for
up to 6 hours provided the associated Function maintairs RPS trip capability.

SURVEILLANCE

FREQUENCY

M 3.3.1.1.1

Perform CHANNEL CHECK.

12 hours

M| 3.3.1.1.2

------ B 4 I e -
Not required to be performed until 12 hours after
THERMAL POWER : 25% RTP.

Verify the absolute difference between the average
power range monitor (APRM) channels and the
calculated power s 2% RTP,

7 days

SR 3.3.3.1.3

Adjustthe channel to—conferm 10 o calibrated flow
Haghat .

Adju~t the flow control trip reference card to
conform to reactor flow.

F-days

Once within 7 days
after reaching
equilibrium
conditions
following

refueling outage

SR 3.3.1.1.4

------------------ N)TEeeccrcnrce rnccnnnn
Not required to be performed when entering MODE 2
from MODE 1 until 12 hours af! entering MODE 2.

...................................

Perform CHANNEL FUNCTIONA TEST.

7 days

SR 3.3.1.1.%

Perform CHANNEL FUNCTIONAL TEST.

(continued)

7 days

RIVER BEND

3.3-3

Amendment No. &1 100




RPS Instrumentation

3.9.3.1
SURVEILLANCE REQUIREMENTS (continued)
SURVETLLANCE FREQUENCY
M 3.3.1.1.8 Verify the source range monitor (SRM) and Prior to
intermediate range moritor (IRM) channels overlap. | withdrawing SRMs
from the fully
inserted position
SR 3.3.1.1.7 = coceccccas R [0 1 e LT
Oniy required to be met during entry into MODE 2
from MODE 1.
Verify the IRM and APRM channels overlap. 7 days
M 33108 CaliLrate the local power range monitors. 1000 MWD/T average
core exposure
M 3.3.1.1.9 Perform CHANNEL FUNCTIONAL TEST. 92 days
;= 3.3.1.1.08 Calibrate the trip units. 92 days
(continued)
SR 3.3.1.1.11 = cccecccec-s et | 1 R
5o Neutron detectors and flow reference
transmitters are excluded.
(A For Function 2.a, not required t» be
performed when entering MODE 2 from MODE 1
until 12 hours after entering MOLE 2.
3. For Function 2.b, the digital
components of the flow control trip 184 days
reference cards are excluded.
Perform CHANNEL CALIBRATION.
SR 3.3.1.1.12 Perform CHANNEL FUNCTIONAL TEST. 18 months

RIVER BEND 3.3-4 Amendment No. 81



RPS Instrumentation
3:3.1.1

SURVEILLANCE REQUIREMENTS (continued)

SURVEILLANCE FREQUENCY

M 3.3.1.1.1) PRS- L P e Sy
P Neutron detectors are excluded.

- For IRMs, not required to be performed when
entering MODE 2 from MODE 1 until 12 hours
after entering MODE 2.

- B

Perform CHANNEL CALIBRATION.
13 months

SR 3.3.1.1.1% Verify the APRM Flow Biased Simulated Thermal 18 months
Power — High time constant is within the limits
specified in the COLR.

SR 3.3.1.1.1% Perform LOGIC SYSTEM FUNCTIONAL TEST. 18 months

(continued)

R 3.3.1.1.18 Verify Turbine Stop Valve Closure and Turbine 18 months
Control Valve Fast Closure Trip 011 Pressure - Low
Functions are not bypassed when THERMAL POWER is
¢z 40% RTP.

R 3.3.1.1.%7 Calibrate the flow reference transmitters. 18 months

SR 3.3.1.1.18 = cecncceccca- crmmneNOTF S cmnrncrcccceeee
s Neutron detectors are excluded.

- For Functions 3, 4, and 5 in Table 3.3.1.1-1,
the channel sensors are excluded.

3. For Function 6, "n" equals 4 channels for the
purpose of determining the STAGGERED TEST
BASIS Frequency. 18 months on a

----------------------------------------- STAGGERED TEST

BASIS

Verify the RPS RESPONSE TIME i1s within 1imits.

RIVER BEND 3.3-5 Amendment No. 81



RPS Instrumentation
3.9.1.2

Table 3.3.1.1-1 (page 1 of 3)
Reactor Protection System Instrumentation

e e e
APPLICABLE CONDITIONS
MODES OR REQUIRED  REFERENCED
OTHER CHANNELS FROM
SPECIFIED PER TRIP REQUIRED  SURVEILLANCE ALLOWABLE
FUNCTION CONDITIONS SYSTEM ACTION D.1 REQUIREMENTS VALUE

1. Intermediate Range
Monitors

a. Neutron Flux - High 2 3 H SR s 122/125
3:3.1:3.3 divisions
SR of full
3.3.1.1.4 scale

3.3.1.1.13

3.3.1.1.16

5(a) 3 I SR < 122/125
3:3.1.3.4 divisions
SR of full
3.8:1.1.9 scale

3.3.1.1.13

3.3.1.1.1%
b. Inop 2 3 H SR NA

3.3.1.1.18
5(a) 3 I SR NA

2. Average Power Range Monitors

a. Neutron Flux - High, 2 3 H SR < 20% RTP
Setdown 2:9:1:1.3
SR
3:8:1:0.8%
SR
3:3:3.1.7

3.3.1.1.8
SR
3.3.1.1. 114
SR
3.3.1.1.18

RIVER BEND 3.3-6 Amendment No. -



RPS Instrumentation
3.4.1.14

B e e —
APPLICABLE CONDITIONS

MODES OR REQUIRED  REFERENCED
OTHER CHANNELS FROM
SPECIFIED PER TRIP REQUIRED  SURVEILLANCE ALLOWABLE
FUNCTION CONDITIONS SYSTEM ACTION D.1 REQUIREMENTS VALUE

b. Flow Biased 1 3 G SR w66 W
Simulated Thermal 3.3.1.1.1 +bl% RIB
Power - High SR and

3:3.1.3.2 s
SR ayp(b)
3.3.1.1.3

SR

3.3.1.1.8

SR

3.3.1.1.9

SR

3.3.1.1,1%

SR

3:3.1.1.148

SR

3.3.1.1.16

SR

3.3.1.1.17

SR

2.3.1.1.:18

(continued)

(a) With any control rod withdrawn from a core cell containing one or more fuel assemblies.

| (b)
“Recireulationtoops—Operating-" Allowable Values specified in COLR. Allowable value
modification requiced by the COLR due to reouction in feedwater temperature may be
delayed for up to 12 hours.

RIVER BEND 3.3-7 Amendment No. -



BASES

APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY
(continued)

RPS Instrumentation
B 3.3.1.1

2.b. Average Power Range Monitor Flow Biased Simulated
Thermal Power - High

The Average Power Range Monitor Flow Biased Simulated
Thermal Power —High Function monitors neutron flux to
approximate the THERMAL POWER being transferred to the
reactor coolant. The APRM neutron flux is electronically
filtered with a time constant representative of the fuel
heat transfer dynamics to generate a signal proportional to
the THERMAL POWER in the reactor. The trip level is varied
as a function of recirculation drive flow {bemGuedt—towes

but 1s clamped at an upper
limit that is always lower than the Average Power Range
Monitor Fixed Neutron Flux-High Function Allowabie Value.
The Average Power Range Monitor Flow Biased Simulated
Thermal Power —High Function provides a general definition
of the licensed core power/core flow operating domain.

During continued operation with only one recirculation loop
in service, the APRM flow biased setpoint is required to be
conservatively set (refer to the Bases for LCO 3.4.1,
"Recirculation Loops Operating" for more detailed
discussion). The setpoint modification may be delayed $e&

in accordance with the allowances of LCO
3.4.1. After this time, the LCO 3.3.1.1 requirement for
APRM OPERABILITY will enforce the more conservative
setpoint

(continued)

RIVER BEND
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BASES

BASES

RPS Instrumentation
23311

APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

2.b. Average Power Range Monitor Flow Biased Simulated
Thermal Power-High (continued)

The Average Power Range Monitor Flow Biased Simulated
Thermal Power - High Function 1s not associated with a
Iimting safety system setting.  Operating Tim.ts
established for the Ticensed operating domain are used to

develop the Average Power Range Monitor Flow Biased
S1mu|a%ea Thermal Power - H1g% Function Allowable Values to
provide pre-emptive reactor scram and prevent gross
violation of the Ticensed operating domain. Operation
outside the licensed operating domain may result in
anticipated operational occurrences and postulated accidents
being 1nitiated from conditions beyond those assumed in the
safety analysis. Operation within the Ticensed operating
domain also ensures compliance with General Design Lriterion

7.

General Design Criterion 12 requires protection of fuel
thermal safety Timits from conditions caused by neutronic/
thermal hydraulic instabiTity. Neutronic/thermal hydraulic
instabilities result 1n power oscillations which could
result in exceeding the MCPR SL.

The area of the core power and flow operating domain
susceptible to neutronic/thermal hydraulic instabiTity can
be affected by reactor parameters such as reactor inlet
feedwater temperature. Two complete and independent sets of

Average Power Range Monitor Flow Biased SimuTated Thermal
Power-High Function ATTowabTe VaTues are specified in tre
COLR. Set T (Normal Trip Reference Set) provides piotection
against neutronic/thermal hydraulic instability during
expected reactor operations. Set 7 (Alternate Trip
rReference Set) provides protection against neutronic/thermal

hydraulic 1nstability during reactor operating conditions
requiring addaed stability protection and 1S conservative
with respect to Set 1. Feedwater temperature vaTues
requiring transition between flow control trip reference
card sets are specified 1n the COLR.

(continued)

RIVER BEND
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BASES

BASES

RPS Instrumentation
8 3.3.1.1

APPLICABLE

SAFETY ANALYSES,

LCO, and
APPLICABILITY

Z.b. Average Power Range Monitor Flow Biased Simulated
Thermal Power-High (continued)

In the event of a feedwater temperature reduction, Allowable
Value modification (from The Normal Trip Reference Set to
the ATternate Trip Reference Set) 15 required to preserve
the margin associated with the potential for the onset of
neutronic/thermal hydraulic instabiTity which existed prior
to the feeawater temperature reduction.” The ATTowable Value
modification required by t%e COLR may be delayed up to 127
hours to allow time to adji st and check the adjustment of
each Tlow control trip ref rence card. At the end of the 12
hour period, the ATTowabTe VaTue modifications must be
compiete for all of the required channels or the applicable
CongifionKSS must be enfered and the Required Actions taken.
The 12 hour time period is acceptabTe based on the low
probabi 1ty of a neutronic/hydraulic instabiTity event and

the continued protection provided by the fTow confrol trip
reterence card. In addition, when the feedwater temperature

reduction results in operation in either the Restricted
Region or Monitored Region. the requirements for the Period
Based Detection System 03371 8 Period Based Detection
System (PBDS)) provide added protection against neutronic/
therma! hydraulic instabiTity during the 12 hour time

period.

The area of the core power and flow operating domain
susceptible to neutronic/thermal hydraulic instabiTity i1s

affected by the value of Fraction of Core Boiling Boundar
(LCO 3.2.5. FCBB). 'Setup” and normal ( non- Setup™) Average

Power Range Monitor Flow Biaseq Simulated Thermal
Power-High Function ATTowabTe VaTues are specified in the
COLR. The normal ("non-Setup™) value provides protection
against neutronic/thermal hydraulic instadility by
preventing operation in the susceptible area of the
operating domain when operating outside the Restricted
rRegion specitied 1n the COLR with the FCBB Timit not
required to be met. When the "Setup” value 1s selected,
meeting the FCBB Timit provides protection against
instability.

(continued)

RIVER BEND
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BASES

RPS Instrumentation
8 3.3.1.1

RPPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

¢.D. Average Power Range Monitor Flow Biased Simulated
Thermal Power-High {continued)

"Setup” and "non-Setup" values are selected by operator
manipuiation of a Setup butfon on each fTow control trip
reference card. Selection of the "Setup” value is intended
only for planned operation in the Restricted Region as
specified in the COLR. Operation in the Restricted Region
with the Average Power Range Monitor Flow Biased Simulated
Thermal Power—?fh'gﬁ Function "Setup” requires the FCBB Timit
to be met and 1s not generally consistent with normal power
operation.

The Average Power Range Monitor Flow Biased Simulated
Thermal Power-High Function uses a trip Tevel generated by
the Tiov control trip reference card based on recirculation
1oop drive Tlow. Proper trip Tevel generation as a function
of grive fTow requires drive Tlow alignment. This 15
accomplished by selection of appropriate dip switch
positions on the Tlow control trip reference cards (Refer to
SR 3.3.1.1.3). Changes in the core flow to drive Tlow
functional reiationship may vary over tne core flow
operating range. These changes can result from both gradual
changes 1n recirculation system and core components over the
reactor 11fe time as well as specific maintenance performed
on _these components (e.g., jet pump cTeaning).

The APRM System is divided into two groups of channels with
four APRM 1nputs to each tr1? system. The system is
designed to allow one channel in each trip system to be
bypassed. Any one Average Power Ra“ge Monitor channel in a
trip system can cause the associate trip system to trip.
Six channels of Average Power Range Monitor Flow Biased
Simulated Thermal Power -High, with three channels in each
trip system arranged in one-out-of-three logic. are required
to be OPERABLE to ensure that no single instrument failure
will preclude a scram from this Function on a valid signal.
In addition, to provide adequate coverage of the entire
core, at least 11 LPRM inputs are required for each APRM
channel, with at least two LPRM inputs from each of the four
axial levels at which the LPRMs are located.

(continued)

RIVER BEND
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APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

RPS Instrumentation
B 3.3.1.1

2.b. Average Power Range Monitor Flow Biased Simulated
Thermal Power -High (continued)

Each APRM channel receives one total drive flow signal

' . The recirculation loop
drive flow signals are generated by eight flow units. One
flow unit from each recirculation loop is provided to each
APRM channel. Total drive flow 1s determined by each APRM
by summing up the flow signals provided to the APRM from the
two recirculation loops.

The THERMAL POWER time constant of 6.6 seconds is based on
the fuel heat transfer dynamics and provides a signal
proportional to the THERMAL POWER.

:
xh"9*‘“9‘d'A4l‘“‘bl5'“‘*“°""h"94'99'3“‘4*“";h‘*"3‘°
‘*f‘*"""‘h"A“““*F*‘“*"“R@“9°‘“°““°‘4;““*4h3‘°d
5*““l"‘44”““*“4'a°“°"'“*9“T‘“f""“"9“"h°*‘*‘*9“*99““‘
Hhe—btt L aedma b it L LHERMAL Okt
een&;antegneuadcd-4a-the-COR5-ODERAIJ&WL;JM;IS—RERORI
‘c0‘a4"4"b9‘°dT°“"b°f‘“°4'h‘“*“‘?“9"4¥“?“E?"3“?;

The Average Power Range Monitor Flow Biased Simulated
Thermal Power —High Function is required to be OPERABLE in
MODE 1 when there is the possibility of '
FHERMAL-ROWER neutronic/thermal hydraulic instability. The
potential to excCeed ad—potartrary—ancoaarag 1he Sl
applicable to high pressure and core flow conditions (MCPR
SL). which provides fuel cladding integrity protection,
exists 11 neutronic/thermal hydrauTic 1nstability can occur.
During MODES Z and 5. other IRM and APRM Functions provide
protection for fuel cladding integrity.

2.c. _Average Power Range Monitor Fixed Neutron Flux-High

The APRM channels provide the primary indication of neutron
flux within the core and respond almost instantaneously to
neutron flux increases. The Average Power Range Monitor
Fixed Neutrca Flux-High Function 1s capable of generating a
trip signal to prevent fuel damage or excessive RCS
pressure. For the overpressurization protection analysis of
Reference 2, the Average Power Range Monitor Fixed Neutron
Flux-High Function 1s assumed to terminate the main steam
isolation valve (MSIV) closure event and. along with the

(continued)
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SURVETLLANCE
REQUIREMENTS
(continued)

RIVER BEND

RPS Instrumentation
3 3.3.1.1

s 3.31.1.2

To ensure that the APRMs are accurately indicating the true

core average power, the APRMs are calibrated to the reactor

power calculated from a heat balance. The Frequency of once

per 7 days i1s based on minor changes in LPRM sensitivity,

g21gh3cou1d8affect the APRM reading between performances of
3.4: 1. 8.

A restriction to satisfying this SR when < 25% RTP is
grov1ded that requires the SR to be met only at > 25% RTP
ecause 1t is difficult to accurately maintain APRM
indication of core THERMAL POWER consistent with a heat
balance when < 25% RTP. At low power levels, a high degree
of accuracy is unnecessary because of the large inherent
margin to thermal limits (MCPR and APLHGR). At > 25% RTP,
the Surveillance is required to have been satisfactorily
performed within the last 7 days in accordance with

SR 3.0.2. A Note is provided which allows an increase in
THERMAL POWER above 25% if the 7 day Frequency is not met
per SR 3.0.2. In this event, the SR must be performed
within 12 hours after reaching or exceeding 25% RTP. Twelve
hours is based on operating experience and in consideration
of providing a reasonable time in which to complete the SR.

o J3.31.1.3

B 3.45-28 Revision No. 3-10
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RPS Instrumentation
8 3.3.1.1

The Average Power Range Monitor Flow Biased Simulated
Thermal Power-High Function uses a trip level generated b
the TTow control %ri reference card based on %ke
recirculation Toop drive flow. The drive Tlow 15 adjusted
Dy a digital algorithm according to selected drive Tlow
alignment dip switch settings. This SR sets the flow
control trip reference card to ensure tFe drive flow

alignment used results in the appropriate Trip Tevel being
generated from the digital components of the card.

The Frequency of once following a refueling outage is based
on the expec%af1on that any change in the core Tiow to drive
Tlow functional relationship during power operation would be
gradual and that maintenance on recirculation system and
core components which may impact the reTationship is
expected to be performed during refueling outages. The
compietion time of / days after reaching equiTibrium
conditions 1s based on plant conditions required to perform
the test and engineering judgment of the time required to
coliect and analyze the necessary flow data and the time
required to adjust and check the adjustment of each Tlow
control trip reference card. The completion time of 7 days
after reaching equiTibrium conditions s acceptable based on
the low probability of a neutronic/hydraulic instability
event .

(continued)
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(continued)

RPS Instrumentation
P 3.3.1.1

= 3.3.1.1.11. 58 3.9.1.1.13 and SR 3.3.1.1.17

A CHANNEL CALIBRATION is a complete check of the instrument
loop and the sensor. This test verifies the channel
responds to the measured parameter within the necessary
range and accuracy. CHANNEL CALIBRATION leaves the channel
ad{usted to account for instrument drifts between successive
calibrations consistent with the plant specific setpoint
methodology .

For Functions 9 and 10 the CHANNEL CALIBRATION shall include
the turbine first stage pressure instruments.

Note 1 states that neutron detectors and flow reference
transmitters are excluded from CHANNEL CALIBRATION because
of the difficulty of simulating a meaningful signal.

Changes in neutron detector sensitivity are compensated for
by performing the 7 day calorimetric calibration

(SR 3.3.1.1.2) and the 1000 MWD/T LPRM calibration against
the TIPs (SR 3.3.1.1.8). Calibration of the flow reference
transmitters is performed on an 18 month Frequency (SR
3.3.1.1.17). A second Note is provided that requires the
APRM and IRM SRs to be performed within 12 hours of entering
MODE 2 from MODE 1. Testing of the MODE 2 APRM and IRM
Functions cannot be performed in MODE 1 without utilizing
Jumpers, lifted leads or movable links. This Note allows
entry into MODE 2 from MODE 1 if the associated Frequency is
not met per SR 3.0.2. Twelve hours is based on operating
experience ¢nd in consideration of providing a reasonable
time in which to complete the SR. The Frequency of

SR 3.3.1.1.11, SR 3.3.1.1.13, and SR 3.3.1.1.17 is based
ugon the assumption of the magnitude of equipment drift in
the setpoint analysis. Note 3 states that the digital
components of the flow control trip reference card are

exc luded from CHANNEL CALTBRATION of Function 2.b, Average
Power Range Monitor Flow Biased Simulated Thermal
Power-High. The analog output potentiometers of the flow
control trip reference card are not excluded. The fTow
control trip reference card has an automatic self-test
Teature which periodically tests the haraware which performs
the digital algorithm. Exclusion of the digital components

of the TTow control trip reference card from CHANNEL
of Function Z2.b 15 based on the conditions
required to perform the test and the [1kelihood of a change

in the status of these components not being detected.

(continued)
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3.3 INSTRUMENTATION
3.3.1.3 Period Based Detection System (PBDS)
tCO0 3.3.1.3
One channel of PBDS instrumentation shall be OPERABLE .
AND

Each OPERABLE channel of PBDS instrumentation shall not indicate
H1-Hi DR Alarm.

APPLICABILITY: THERMAL POWER and core flow in the Restricted Region
specified in the COLR.

THERMAL POWER and core flow in the Monitored Region specified in

the COLR.
ACTIONS
R TTIONT RETRED AT CORPLETTON TR
A. Any OPERABLE PBDS Al Place the reactor mode | Immediately
channel indicating Hi- switch 1n the shutdown
Hi DR Alarm. position.

(continued)
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PBDS

3.3.1:3
ACTIONS (continued)
. REQUIRED ACTION COMPCETION TIME
B. Required PBDS channel {B.1 = -------- HOTE - oscanns
inoperable while in -
the Restricted Only applicable if RPS
Region. Function 2.b. APRM Flow
Biased Simulated Thermal
Power-High, Allowable
Value 1s "Setup".
Immediately
Initiate action to exit
the Restricted Region.
OR
Immediately
B.2 Place the reactor
mode switch in the
shutdown position.
C. Required PBDS channel |C.1 Initiate action to 15 minutes

inoperable while 1n
the Monitored Region.

ex1t the Monitored
Region.

“‘( 4

Pher seno

3.3-18

Amendment No.



PBDS

.13
SURVEILLANCE REQUIREMENTS
SURVEILLANCE
SR 3.3.1.3.1 Verify each OPERABLE channel of PBDS 12 hours
instrumentation not in Hi-H1 DR Alarm.
SR 3.3.1.3.2 Perform CHANNEL CHECK. 12 hours
SR 3.3.1.3.3 Perform CHANNEL FUNCTIONAL TEST. 24 months

“

Phler sewo 3.3-19 Amendment No.



B 3.3 INSTRUMENTATION
B 3.3.1.3 Period Based Detection System (PBDS)

BASES

EXCRERUUNU Cenera| Ues1gn CNEENOH I! requires DFOEECE1OH O' |U€|

RIVER BEND

thermal safety 11 ‘ts from conditions caused by neutronic/
thermal hydraulic instability. Neutronic/thermal hydraulic
instabilities can result in power oscillations which could
result in exceeding the MCPR Safety Limit (SL). The MCPR SL
ensures that at least 99.9% of the fuel rods avoid boiling
transition during normal operation and during an anticipated
gp?r?t%?nal occurrence (AOQ) (refer to the Bases for SL

The PBDS provides the operator with an indication that
conditions consistent with a significant degradation in the
stabi11ty performance of the reactor core has occurred and
the potential for imminent onset of neutronic/thermal
hydraulic instability may exist. Indication of such
degradation 1s cause for the operator to initiate an
immediate reactor scram if the reactor is being operated in
either the Restricted Region or Monitored Region. The
ggsﬁricted Region and Monitored Region are defined in the
LR.

The PBDS instrumentation of the Neutron Monitoring System
consists of two channels. Each of the PBDS channels
includes input from a minimum of 8 local power range
monitors (LPRMs) within the reactor core. These inputs are
continually monitored by the PBDS for variations in the
neutron flux consistent with the onset of neutronic/thermal
hydraulic instability. Each channel includes separate local
indication, but share a common control room Hi-H1 DR Alarm.

- While this LCO specifies OPERABILITY requirements only for

one monitoring and ind*ration channel of the PBDS, if both
are OPERABLE, a Hi-H UR Alarm from either channel results
in the need for the operator to take actions.

Revision No. 0
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PBDS
B 3.3.1.3

“

BACKGROUND
(continued)

The primary PBDS component is a card in the Neutron
Monitoring System with analog inputs and digital processing.
The PBDS card has an automatic self-test feature to
periodically test the hardware circuit. The self-test
functions are executed during their allocated portion of the
executive loop sequence. Any self-test failure indicating
loss of critical function results in a control room alarm
The 1noperable condition is also displayed by an indicating
light on the card front panel. A manually initiated
internal test sequence can be actuated via a recessed push
button. This internal test consists of simulating alarm and
inoperable concitions to verify card OPERABILITY.
Descriptions of the PBDS are provided in References 1 and 2.

Actuation of the PBDS Hi1-Hi DR Alarm is not postulated to
occur due to neutronic/thermal hydraulic instability outside
the Restricted Region and the Monitored Region. Periodic
perturbations can be introduced into the thermal hydraulic
behavior of the reactor core from external sources such as
recirculation system components and the pressure and
feedwater control systems. These perturbations can
potentially drive the neutron flux to oscillate within a
frequency range expected for neutronic/thermal hydraulic
instability. The presence of such oscillations would be
recognized by the period based algorithm of the PBDS and
potentially result in a Hi-Hi DR Alarm. Actuation of the
PBNS Hi-Hi DR Alarm outside the Restricted Region and the
Monitored Region would indicate the presence of a source
external to the reactor core and are not indications of
neutronic/thermal hydraulic instability.

APPLTCABLE
SAFETY ANALYSES

Analysis, as described 1n Section 4 of Reference 1.
confirms that AOOs initiated from outside the Restricted
Region without stability control and from within the

. Restricted Region with stability control are not expected to

result in neutronic/thermal hydraulic instability, The
stability control applied in the Restricted Region (refer to
LCO 3.2.5. "Fraction of Core Boiling Boundary (FCBB)") 1s
established to prevent neutroric/thermal hydraulic
(continued)
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PBDS
8 3.3.1.3

APPLICABLE
SAFETY ANALYSES
(continued)

LCO

RIVER BEND

instability during operation in the Restricted Region.
Operation 1n the Monitored Re?1on 1s only susceptible to
instability under hypothetica ogeratlng conditions beyond
those analyzed in Reference 1. The types of transients
specifically evaluated are loss of flow and coolant
temperature decrease which are limiting for the onset of
instability. :

The 1nitial conditions assumed in the analysis are

reasonabi 11ty conservitive and the immediate post-event
reactor conditions are sifgnificantly stable. Howerever,
these assumed i1nitial conditions do not bound each indiviual
parameter which impacts stability performance (Ref.1). The
PBDS 1nstrumentation provides the operator with an
indication that conditions consistent with a significant
degradation in the stability performance of hte reactor core
has occured and the potential for imminent onset of
neutronic/thermal hydraulic instability may exist. Such
conditions are only postulated to result from events
initiated from initial conditions beyond the conditions
assumed 1n the safety analysis (refer to Section 4, Ref. 1),

The PBDS has no safety function and is not assumed to
function during any FSAR design basis accident or transient
analysis. However, the PBDS provides the only indication of
the ymminent onset of neutronic/thermal hydraulic
instability during operation in regions of the operating
domain potentially susceptible to instability. Therefore,
the PBDS 1s included in the Technical Specifications.

One PBDS channel is required to be OPERABLE to monitor
reactor neutron flux for indications of imminent onset of
neutronic/thermal hydraulic instability. OPERABILITY
requires the ability for the ogerator to be immediately
alerted to a Hi-Hi DR Alarm. This is accomplished by the
instrument channel control room alarm. The LCO also
requires reactor operation be such that the Hi-Hi DR Alarm
s not]actuated by any OPERABLE PBDS instrumentation
channel .

B 3.3-42 Revision No. 0
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(Continued)

PBDS
8 3.3.1.3

ACTIONS

Parameters such as reactor power and core flow available at
the reactor controls, may be used to provide immediate
confirmation that entry into the Restricted Region could
reasonably have occurred.

The Monitored Region in the Applicability of this LCO is
analytically established in terms of thermal power and core
flow. However, unlike the Restricted Region boundary the
Monitored Region boundary is not specifically monitored by
plant instrumentation to provide automatic indication of
region entry. Therefore. the Monitored Region boundary is
defined in terms of thermal power and core flow. The
Monitored Region boundary for this LCO Applicability is
specified in the COLR.

Operation outside the Restricted Region and the Monitored
Region is not susceptible to reutronic/thermal hydraulic
instability even under extreme postulated conditions.

Al

If at any time while in the Restricted Region or Monitored
Region, an OPERABLE PBDS instrumentation channel indicates a
valid Hi-H1 DR Alarm, the operator is required to initiate
an immediate reactor scram. Verification that the Hi-Hi DR
Alarm is valid may be performed without delay against
another output from a PBDS card observable from tk2 reactor
controls in the control room prior to the manual reactor
scram. This provides assurance that core conditions 'eading
to neutronic/thermal hydraulic instability will be
mitigated. This Required Action and associated Completion
Time does not allow for evaluation of circumstances leading
to the Hi-Hi DR Alarm prior to manual initiation of reactor
scram.




PBDS
8 3.3.1.3

B.1 and B.2

Operation with the APRM Flow Biased Simulated Therma)l
Power-High Function (refer to LCO 3.3.1.1, Table 3.3.1.1-1.
Function 2.b.) “Setup" requires the stability control
applied in the Restricted Region (refer to LCO 3.2.5) to be
met. Requirements for operation with the stability control
met are established to prevent reactor thermal hydraulic
instability during operation in the Restricted Region. With
the required PBDS channel inoperable, the ability to monitor
conditions indica*ing the potential for imminent onset of
neutronic/thermal hydraulic instability as a result of
unexpected transients is lost. Therefore, action must be
immediately initiated to exit the Restricted Region. While
the APRM Flow Blased Siiuabodthoimiatrowsimmiiah Contro]
Rod Block upscale alarm setpoints are “Setup,” operation in
the Restricted Region may be confirmed by use of plant
parameters such as reactor power and core flow available at
the reactor controls.

Exit of the Restricted Region can be accomplished by control
rod insertion and/or recirculation flow increases. Actions
to restart an idle recirculation loop, withdraw control rods
or reduce recirculation flow may result in unstable reactor
conditions and are not allowed to be used to comply with
this Required Action.

The time required to exit the Restricted Region will depend
on existin? plant conditions. Provided efforts are begun
without delay and continued until the Restricted Region is
exited, operation is acceptable based on the low probability
of a transient which degrades stability performance

(continued)
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PBDS
B33.13

B.1 and B.Z (continued)

occurrin? simultaneously with the required PBDS channel
inoperable.

Required Action B.1 is modified by a Note that specifies
that initiation of action to exit the Restricted Region only
applies if the APRM Flow Biased Simulated Thermal Power-H:.gh
Function is "Setug”. Operation in the Restricted Region
without the APRM Flow Biased Simulated Thermal Power-High
Function “Setup” indicates uncontrolled entry into the
Restricted Region. Uncontrolled entry is consistent with
the occurrence of unexpected transients, which, in
combination with the absence of stability controls being met
may result in significant degradation of stability
performance.

When the APRM Flow Biased & '
Control Rod Block upscale alarm setpoints are not “Setup”
uncontrolled entry into the Restricted Region is identified
by receipt of a valid RREA. Immediate confirmation that the
RREA is valid and indicates an actual entry into the
Restricted Region may be performed without delay. Immediate
confirmation constitutes observation that plant parameters
immediately available at the reactor controls (e.g.. reactor
power and core flow) are reasonably consistent with entry
into the Restricted Region. This immediate confirmation may
also constitute recognition that plant parameters are
rapidly changing during a transient (e.g.. a recirculation
Bump trip) which could reasonably result in entry into the
estricted Region.

For uncontrolled entry into the Restricted Region with the
required PBDS instrumentation channel inoperable, the
ability to monitor conditions indicating the potential for
imminent onset of neutronic/thermal hydraulic instability is
lost and continued operation is not justified. Therefore,
Required Action B.2 requires immediate reactor scram.

PBDS
B 3.3.1.3




In the Monitored Region the PBDS Hi-Hi DR Alarm provides
indication of degraded stability performance. Operation in
the Monitored Region is susceptible to neutronic/thermal
hydraulic instab1lity under postulated conditions exceeding
those previously assumed in the safety analysis. With the
required PBDS channel inoperable, the ability to monitor
conditions indicating the notential for imminent onset of
neutronic/thermal hydraulic instability is lost. Therefore,
ac:ion must be initiated to exit the Monitored Region.

Actions to restart an idle recirculation loop, withdraw
centrel rods or reduce recirculation flow may result in
aparoacring unstable reactor conditions and are not allowed
to be used to comply with this Required Action. Exit of the
Monitored Region is accomplished by control rod insertion
and/or recirculation flow increases. However, actions whieh
P b bbbttt AT€ a1 lOwed provided the Fraction
of Core Boiling Boundary (FCBB) is recently (within

15 minutes) verified to be < 1.0. Recent verification of
FCBB being met provides assurance that with the PBDS
inoperable, planned decreases in recirculation drive f1~
should not result in significant degradation of core
stability performance.

The specified Completion Time of 15 minutes ensures timely
operator action to exit the region consistent with the low
probability that reactor conditions exceed the initial
conditions assumed in the safety analysis. The time
required to exit the Monitored Region will depend on
existing plant conditions. Provided efforts are begun
within 15 minutes and continued until tie Monitored Region
is exited, operation is acceptable based on the low
probability of a transient which degrades stability
performance occurring simultaneously with the required PBDS
channel inoperable.

{conlinued)
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SURVEILLANCE
REQUIREMENTS

8 33131

During ogeration in the Restricted Region or the Monitored
Region the PBDS Hi-Hi DR Alarm is relied upon to indicate
conditions consistent with the imminent onset of neutronic/
thermal hydraulic instability. Verification every 12 hours
provides assurance of the proper indication of the alarm
during ogeration in the Restricted Region ur the Monitored
Region. The 12 hour Freﬁuency supplements less formal, but
more frequent. checks of alarm status during operation.

SR 3.3.1.3.2

Performance of the CHANNEL CHECK every 12 hours ensures that
a gross failure of instrumentation has not occurred. This
CHANNEL CHECK 1s normally a comparison of the PBDS
indication to the state of the annunciator, as well as
comparison to the same parameter on the other channel if it
is available. It is based on the assumption that the
instrument channel indication agrees with the immediate
indication available to the operator, and that instrument
channels monitoring the same parameter should read
similarly. Deviations between the instrument channels could
be an indication of instrument component failure. A CHANNEL
CHECK will detect gross channel failure; thus, it i1s key to
verifying the instrumentation continues to operate properly
between each CHANNEL FUNCTIONAL TEST. Agreement criteria
are determined by the plant staff based on a combination of
the channel instrument uncertainties., including indication
and readability.

The 12 hour Frequency is based on operating experience that
demonstrates channel failure is rare. The CHANNEL CHECK
supplements less formal, but more frequent. checks of

pa—
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PBDS
B3.3.1.3

SURVETCTARCE
REQUIREMENTS

ok 3.3.1.3.2 (continued)

channels during normal operational use of the displays
associated with the channels required bv *ne LCO.

SR 3.3.1.3.3

A CHANNEL FUNCTIONAL TEST is performed for the PBDS to
ensure that the entire system will perform the intended
function. The CHANNEL FUNCTIONAL TEST for the PBDS includes
manual initiation of an internal test sequeice and
verification of appropriate alarm and inop conditions being
reported.

Performance of a CHANNEL FUNCTIONAL TEST at a Freguency of
24 months verifies the performance of the PBDS an
associated circuitry. The Frequency considers the plant
conditions required to perform the test. the ease of
performing the test, and the likelihood of a change in the
system or component status. The alarm circuit is designed
to operate for over 24 months with sufficient accuracy on
signal amplitude and signal timing considering environment ,
initial calibration and accuracy drift (Ref. 2).

REFERENCES

3 NEDO 32339, Revision 1, Reactor Stability Long
Term Solution: Enhanced Option I-A.” December 1996.

2. NEDO-32339P-A, Supplement 2, “Reactor Stability

Long Term Solution: Enhanced Option I-A Solution
Design,” December 1996.

{continued)
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Technical Specification 3.4.1

LCO

"

Two recircluation loops shall be in operation with matched flows.

B. One recirculation loop may be in operation provided the following
1imits are applied when the associated LCO is applicable:

1.  THERMAL POWER < 83% RTP;
- 44 Total core flow is within limits;
3. LCO 3.2.1, "AVERAGE PLANAR LINEAR HEAT GENERATION RATE
(APLHGR) ." single loop operation 1imits [specified in the
COLR];
4. LCO 3.2.2, "MINIMUM CRITICAL POWER RATIO (MCPR)." single
Toop operation Timits [specified in the COLR]; and
5. LCO 3.3.1.1, "Reactor Protection System (RPS)
Instrumentation.” Function 2.b (Average Power Range Monitors
Flow Biased Simulated Thermal Power-High), Allowable Value
St bbbt TOr 51ngle Toop operation as
specified in the COLR.
ACTIONS
C. Requirements B.3. B.4 or C.1 Staisfy the requirements | 24 hours
B.5 of the LCO not met. of the LCO

D. required actions and
associated completion times
of conditions A, B or C not

met .

OR

No recirculation loops in

operation.

D.1 Be in Mode 3. 12 hours




Recirculation Loops Operating

3.4 REACTOR COOLANT SYSTEM (RCS)
3.4.1 Recirculation Loops Operating

3.4.1

LCO 3.4.1 A. Two recirculation loops shall be in operation withs

3+ Matched flowss+—and

2r—Fotal—core—flow—and-THERMAL ROWERwithintimitss

B. One recirculation loop shall be in operation with:

1. THERMAL POWER < 83% RTP;

2. Total core flow and-THERMAL-ROWER within limits;

APPLICABILITY: MODES 1 and 2.

ACTIONS
CONDITION REQUIRED ACTION COMPLETION TIME
A. Recirculation Toop jet | A.1 Shutdown one 2 hours
pump flow mismatch not recirculation loop.
within limits,
(continued)
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ACTIONS (continued)

Recirculation Loops Opergting
4.1

CONDITION REQUIRED ACTION COMPLETION TIME

B. THERMAL POWER > 83% B.1 Reduce THERMAL POWER 1 hour
RTP during single loop to < 83% RTP.
operation.

E+—Jotalcore—flow-as-a E———DetermineARRM-and Ohee —per-8-hours
functinn—of THERMAL LERM-paut ron—flux
POWERwithinRegion—11 AoYoetevels, A
ot+igure-3-4-1-1-

30-minuvtesafter
b thE T ease f
+b% RIR

B—Jotatl-<coreflow—-as5—a Brd——Restore-ARRM-and LPRM | 2-hours
funection—of THERMAL Aeatron-$iur—Roise
POWER within Region 11 Fivedh o3 times
of-Figure3-4-1-1+ establiched baseline

Jevels.
A
ARRM_or—{ PRM peutron
Hux-—roise-tevel >3
times—established
basel tre-noisetevel

b—Jotatl core-flow 453 b ——Restore total-<ore 4 hours
functionof THERMAL flow—as—a—function-of
POWER-within THERMAL ROWER-t6
Regron-—+H-ef Figure within Region +-or-11
T ofFigure 3-4-1-1.

(continued)
RIVER BEND 3.4-2 Amendment No. 83 97



Recirculation Loops Operating

3.4.1
ACTIONS (continued)
CONDITION REQUIRED ACTION COMPLETION TIME
b—No—recireulationtoops | Fl—Jnitiateaction-to 4 houwrs
H-ObErat voR . Feduoe JHERMAL POWER
to-withinRegiont—of
Frgure 3.4 3-1
AND
Fodd— Bein-MOLE 2. b hewrs
F3-2 —Bein-MOBE 3+ 12-hours
6 Heguired Himit and Gl Declare associated ihediately
setpoint-modifications Limit{s)}—-and
not—performed. setpoint{s)}not-met-
SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY
SR 3.4.1.1  cemccccccccccccnna NOTE-=ememcmm e cccnce
Not required to be performed until 24 hours
after both recirculation loops are in
operation,
Verify recirculation loop jet pump flow 24 hours
mismatch with both recirculation loops in
operation is:
a. s 10% of rated core flow when operating
at < 70% of rated core flow; and
b. < 5% of rated core flow when operating
at 2 70% of rated core flow.
(continued)
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Recirculation Loops Operating
3.4.1

SURVEILLANCE REQUIREMENTS (continued)

SURVETLLANCE FREQUENCY

SR3ib )2 Verifys ¢4 howrs

RIVER BEND 3.4-4 Amendment No. 81



Recirculation Loops Operating
B 3.4.1

B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.1 Recirculation Loops Operating

BASES

BACKGROUND

The Reactor Coclant Recirculation System is designed to
grovide a forced coolant flow through the core to remove

eat from the fuel. The forced coolant flow removes more
heat from the fuel than would be possible with just natural
circulation. The forced flow, therefore, allows operation
at significantly higher power than would otherwise be
possible. The recirculation system also controls reactivity
over a wide span of reactor power by varying the
recirculation flow rate to contrel! the void content of the
moderator. The Reactor Coolant Recirculation System
consists of two recirculation pump 100Rs external to the
reactor vessel. These 100ﬁs provide the piping path for the
driving flow of water to the reactor vessel jet pumps. Each
external 1o0p contains a two speed motor driven
recirculation pump, a flow control valve, and associated
piping, jet pumps. valves, and instrumentation. The
recirculation loops are part of the reactor coolant pressure
boundary and are located inside the drywell structure. The
jet pumps are reactor vessel internals.

The recirculated coolant consists of saturated water from
the steam separators and dryers that has been subcooled by
incoming feedwater. This water passes down the annulus
between the reactor vessel wall and the core shroud. A
portion of the coolant flows from the vessel, through the
two external recirculation loops, and becomes the driving
flow for the jet pumps. Each of the two external
recirculation loops discharges high pressure flow into an
external manifold, from which individual recirculation inlet
1ines are routed to the jet pump risers within the reactor
vessel. The remaining portion of the coolant mixture in the
annulus becomes the suction flow for the jet pumps. This
flow enters the jet pump at suction inlets and is
accelerated by the driving flow. The drive flow and suction
flow are mixed in the jet gump throat section. The total
flow then passes through the jet pump diffuser section into
the area below the core (lower plenum), gaining sufficient
head in the process to drive the required flow upward
through the core.

(continued)
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Recirculation Loops Operating
B 3.4.1

BACKGROUND
(continued)

The subcooled water enters the bottom of the fuel channels
and contacts the fuel cladding, where heat is transferred to
the coolant. As it rises, the coolant begins to boil,
creating steam voids within the fuel channel that continue
until the coclant exits the core. Because of reduced
moderation, the steam voiding introduces negative reactivity
that must be compensated for to maintain or to increase
reactor power. The recirculation flow control allows
oRerators to increase recirculation flow and sweep some of
the voids from the fuel channel, overcoming the necative
reactivity void effect. Thus, the reason for having
variable recirculation flow is to compensate for reactivity
effects of boiling over a wide range of power generation
(i.e., 55 to 100% RTP) without having to move control rods
and disturb desirable flux patterns.

Each recirculation Toop is manually started from the control
room. The recirculation flow control valves provide
regulation of individual recirculation loop drive flows.

The flow in each loop can be manually or automatically
controlled.

APPLICABLE
SAFETY ANALYSES

The operation of the Reactor Coolant Recirculation System is
an initial condition assumed in the design basis loss of
coolant accident (LOCA) (Ref. 1). During a LOCA caused by a
recirculation loop pipe break, the intact loop is assumed to
provide coolant fiow during the first few seconds of the
accident. The initial core flow decrease is rapid because
the recirculation pump in the broken loop ceases to pump
reactor coolant to the vessel almost immediately. The pump
in the intact loop coasts down relatively slowly. This pump
coastdown governs the core flow response for the next
several seconds until the jet pump suction is uncovered
(Ref. 1). The analyses assume that both loops are operating
at the same flow prior to the accident. However, the LOCA
analysis was reviewed for the case with a flow mismatch
between the two loops. with the pipe break assumed to be in
the loop with the higher flow. While the flow coastdown and
core response are potentially more severe in this assumed
case, (since the intact loop starts at a lower flow rate and
the core response is the same as if both loops were
operating al the lower flow rate) a small mismatch has been
determined to be acceptable based on engineering judgement.

(continued)
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APPLICABLE
SAFETY ANALYSES
(continued)

The recirculation system is also assumed to have sufficient
flow coastdown characteristics to maintain fuel thermal
margins during abnormal operational transients (Ref. 2),
which are analyzed in Chapter 15 of the USAR.

A ?1ant specific LOCA anal{sis has been gerformed assuming
only one operating recirculation loop. This analysis has
demonstrated that. in the event of a LOCA caused by a pipe
break in the operating recirculation loop., the Emergency
Core Cooling System response will provide adequate core
cooling, ?rovided the APLHGR requirements are modified
accordingly (Ref. 3).

The transient analyses of Chapter 15 of the USAR have also
been performed for single recirculation loop operation

(Ref. 3) and demonstrate sufiicient flow coastdown
characteristics to maintain fuel thermal margins during the
abnormal operational transients analyzed provided the MCPR
requirements are modified. During single recirculation loop
operation, modification to the Reactor Protection System
average power range monitor (APRM) instrument setpoints is
also required to account for the different relationships
between recirculation drive flow and reactor core flow. The
APLHGR and MCPR 1imits for single loop operation are
specified in the COLR. The APRM flow biased simulated
thermal power setpoint is in LCO 3.3.1.1, "Reactor
Protection System (RPS) Instrumentation.”

Recirculation loops operating satisfies Criterion 2 of the
NRC Policy Statement .

LCO

Two recirculation loops are normally required to be in
operation with their flows matched within the limits
specified in SR 3.4.1.1 to ensure that during a LOCA caused
by a break of the piping of one recirculation loop the
assumptions of the LOCA analysis are satisfied. 4=
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. ‘ Alternatively,
with only one recirculation loop in operation, THERMAL POWER
must be < 83% RTP, the total core flow limitations
identified above must be met, modifications to the required
APLHGR 1imits (LCO 3.2.1, "AVERAGE PLANAR LINEAR HEAT
GENERATION RATE (APLHGR)"). MCPR 1imits (LCO 3.2.2. "MINIMUM

(continued)
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B3.4.1
BASES
LCO CRITICAL POWER RATIO (MCPR)"), and APRM Flow Biased
(continued) Simulated Thermal Power - High setpoint (LCO 3.3.1.1) must be

applied to allow continued operation consistent with the
assumptions of Reference 3.

APPLICABILITY

In MODES 1 and 2. requirements for operation of the Reactor
Coolant Recirculation System are necessary since there is
considerable energy in the reactor core and the 1imiting
design basis transients and accidents are assumed to occur.

In MODES 3, 4, and 5, the consegquences of an accident are
reduced and the coastdown characteristics of the
recirculation loops are not important.

ACTIONS

A.l

With both recirculation loops operating but the flows not
matched, the recirculation 'oops must be restored to
operation with matched flows within 2 hours. If the flow
mismatch cannot be restored to within limits within 2 hours,
one recirculation loop must be shutdown.

(continued)
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ACTIONS

A.1 (continued)

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

The 2 hour Completion Time is based on the low probability
of an accident occurring during this time period. on a
reasonable time to compiete the Required Action, and on
frequent core monitoring by operators allowing abrupt
changes in core flow conditions to be quickly detected.

B.1

Should a LOCA or transient occur with THERMAL POWER > 83%
RTP, during single loop operation the core response may not
be bounded by the safety analyses. Therefore, only a
limited time is allowed to reduce THERMAL POWER to < 83%
RTP.

The 1 hour Completion Time is based cn the lo. probability
of an accident occuring during this 11me period, on a
reasonable time to complete the Required Action, and on
frequent core monitoring by operator: allowing changes in
THERMAL POWER to be quickly detected.

| e

(continued)
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BASES

ACTIONS Bl bttt (CONTINUE)
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ACTIONS
(continued)

L.1

With the requirements of the LCU not met. the recirculation
Toops must be restored to operation with matched TTows
within 24 hours. A recirculation Toop 1s considered not in
operation when the pump in that Toop is idle or when the
mismatch between total jet pump flows of the two Toops is
greater than required 1imits. The Toop with the Tower TTow
must be considered not in operation. Should a [OCA occur
with one recirculation Toop not in operation, the core flow
coastdown and resultant core response may not be bounded by
the LOCA analyses. Therefore, only a Timited time 1s
allowed to restore the inoperable Toop to operating status.

Alternatively, if the single loop requirements of the LCO
are applied to operating iimits and RPS setpoints, operation
with only one recirculation !oop would satisfy the
requirements of the LLDU and the initial conditions of the
accident sequence.

The 24 hour Completion Time is based on the low probability
of an accident occurring during this time period, on a
reasonabie time to complete the Required Action, and on
frequent core monitoring by operators allowing abrupt
changes 1n core flow conditions to be quickTy detected.

This Required Action does not require tripping the
recirculation pump 1n the Towest Tlow Toop when the mismatch
between total jet pump Tlows of the two Toops 1s greater
than the required 11mits. However, 1n cases where large

flow mismatches occur, low flow or reverse flow can occur in
the Tow Tiow loop jet pumps, causing vibration of the jet
pumps. IT zero or reverse flow 15 detected, the condition
should be alleviated by changing flow control valve position
to re-estabiish forward flow or by tripping the pump.

(continued)
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SURVEILLANCE
REQUIREMENTS

D.1

With no recirculation loops in operation, or the Required
Action and associated Completion i1me of Condition g not
met, the unit 7s required to be brought to a MODE in which
the LCD does not apply. To achieve this status. the plant
must be brought to HUﬁE 3 within 12 hours. 1In this
condition, the recirculation Toops are not required to be
operating because of the reduced severity of DBAs and

minimal dependence on the recirculation Toop coastdown
characteristics. The allowed Completion Time of 12 hours is
reasonable, based on operating experience, 1o reach MODE 3

from Tull power conditions 1n an orderly manner and without
challenging plant systems.

SR _3.4.1.1

This SR ensures the recirculation loop flows are within the
allowable Timits for mismatch. At low core flow (i.e.,

< 70% of rated core flow), the MCPR requirements provide
larger margins to the fuel cladding integrity Safety Limit
such that the potential adverse effect of early boiling
transition during a LOCA is reduced. A larger flow mismatch
can therefore be allowed when core flow is < 70% of rated
core flow. The recirculation loop jet pump flow, as used in
this Surveillance, is the summation of the flows from all of
the jet pumps associated with a single recirculation loop.

The mismatch is measured in terms of percent of rated core
flow. This SR is not required when both loops are not in
operation since the mismatch limits are meaningless during
single loop or natural circulation operation. The
Surveillance must be performed within 24 hours after both
100ﬁs are in operation. The 24 hour Frequency is consistent
with the Frequency for jet pump OPERABILITY verification and
has been shown by operating experience to be adequate to
detect off normal jet pump Toop flows in a timely manner.

(continued)
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SURVETLLANCE
REQUIREMENTS

SR _3.4.1.2 (continued)

: :
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REFERENCES

1. USAR, Section 6.3.3.
2. USAR, Section 5.4.1.4.
3. USAR, Section 15.0.6.
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Reporting Requirements
5.6

5.6 Reporting Requirement :

5.6.2

5.6.3

5.6.4

5.6.5

Annual Radiological Environmental Operating Report (continued)

results are not available for inclusion with the report, the
report shall be submitted noting and explaining the reasons for
the missing results. The missing data shall be submitted in a
supplementary report as soon as possible.

Radioactive Effluent Release Report

The Radioactive Effluent Release Report coverin? the operation of
the unit during the previous calendar year shall be submitted by
May 1 of each year. The report shall include a summary of the
quantities of radioactive 1iquid and gaseous effluents and solid
waste released from the unit. The material Rrovided shall be
~onsistent with the objectives outlined in the ODCM and process
control program and in conformance with 10 CFR 50.36a and

10 CFR 50, Appendix I, Section IV.B.1.

Monthly Operating Reports

Routine reports of operating statistics and shutdown experience,
including documentation of all challenges to the main steam
safety/relief valves, shall be submitted on a monthly basis no
later than the 15th of each month following the calendar month
covered by the report.

CORE_OPERATING LIMITS REPORT (COLR)

a. Core operating 1imits shali be established prior to each
reload cycle, or prior to any remaining poertion of a reload
cycle, and shall be documented in the COLR for the
following:

1) LCO 3.2.1, Average Planar rinear Heat Generation Rate
(APLHGR)
2) LCO 3.2.2, Minimum Critical Power Ratio (MCPR)

3) LCO 3.2.3, Linear Heat Generation Rate (LHGR)

b. The analytical methods used to determine the core operating
Timits shall be those previously reviewed and approved by
the NRC, specifically those described in the following
documents .

(continued)
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Reporting Requirements
9.6

5.6 Reporting Requirements

5.6.5

CORE_OPERATING LIMITS REPORT (COLR) (continued)

1) NEDE-24011-P-A, "General Electric Standard Application
for Reactor Fuel" (latest approved version):*

2) NEDC-32489P (April 1996), "T-Factor Setdown Elimination
Analysis for River Bend Station" (for power and flow
dependent 1imits methodology only as evaluated and
approved by Safety Evaluation and License Amendment 100
dated October 10, 1997):

3) NEDO-32339P-A. "Reactor Stability Long-Term Solution:
Enhanced Option I-A" including Supplements 1 through 4
(latest approved version).

c. The core operating 1imits shall be determined such that all
applicable limits (e.g.. fuel thermal mechanical limits,
core thermal hydraulic limits, Emergency Core Cooling
Systems (ECCS) limits, nuclear limits such as SOM, transient
analysis Timits, and accident analysis 1imits) of the safety
analysis are met.

d. The COLR, including any midcycle revisions or supplements,
52811 be provided upon issuance for each reload cycle to the
NRC.
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