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License Amendment Request Pursuant to 1OCFR50.90: Revision of
Technical Specification 3.4.1, 'Recirculation Loops Operating" Associated
with Single Recirculation Loop Operation
Ladies and Gentlemen:
Nuclear Regulatory Commission (NRC) review and approval of a license amendment for the
Perry Nuclear Power Plant (PNPP) is requested. The proposed amendment would modify
the existing Technical Specification (TS) 3.4.1, 'Recirculation Loops Operating" associated
with single recirculation loop operation by incorporating limits for the Linear Heat Generation
Rate (LHGR) fuel thermal limit into the Limiting Condition of Operation (LCO). Currently,
TS 3.4.1 only contains thermal limits for the Minimum Critical Power Ratio and the Average
Planar Linear Heat Generation Rate. Thermal limits associated with the two recirculation
operations are contained in TS 3.2.1, 'Average Planar Linear Heat Generation Rate
(APLHGR)," TS 3.2.2, "Minimum Critical Power Ratio (MCPR)," and TS 3.2.3 "Linear Heat
Generation Rate (LHGR)." The proposed TS change will reflect a consistency with the
existing two recirculation loop LCOs by including the same three thermal limits into the single
recirculation loop LCO.
A similar change to include the single recirculation loop operation LHGR limits into TS 3.4.1
was submitted for the Dresden Nuclear Power Station, the LaSalle County Station, and the
Quad Cities Nuclear Power Station (ADAMS Accession Number ML033180448) in
November 2003.
Approval of the license amendment is requested prior to June 1, 2005, with the amendment
being implemented within 90 days following its effective date. If the PNPP would need to
operate in single recirculation loop prior to the implementation of this amendment,
administrative controls for LHGR will be implemented to ensure fuel thermal limits will be
maintained (reference NRC Administrative Letter 98-10, 'Dispositioning of Technical
Specifications That Are Insufficient to Assure Plant Safety").
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There are no regulatory commitments included in this letter or its attachments. If you have
questions or require additional information, please contact Mr. Jeffrey J. Lausberg,
Manager - Regulatory Compliance, at (440) 280-5940.
Very truly yours,

Attachments:
1. Notarized FirstEnergy Nuclear Operating Company Affidavit
2. Description, Background, Technical Analysis, Regulatory Analysis, and
Environmental Consideration for the Proposed Technical Specification Change
3. Significant Hazards Consideration
4. Technical Specification Pages Annotated with the Proposed Amendment
5. Marked-Up Technical Specification Bases Pages (For Information Only)

cc:

NRC Project Manager
NRC Resident Inspector
NRC Region Ill
State of Ohio
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I, Lew W. Myers, hereby affirm that (1) I am Chief Operating Officer, of the FirstEnergy
Nuclear Operating Company, (2) I am duly authorized to execute and file this
certification as the duly authorized agent for The Cleveland Electric Illuminating
Company, Toledo Edison Company, Ohio Edison Company, and Pennsylvania Power
Company, and (3) the statements set forth herein are true and correct to the best of my
knowledge, information and belief.

Le W(l*ers

Subscribed to and affirmed before me, the

f

3/a day of

a!Txv

(jut

-

LI /

JANE E. MO}

I

Notary Public, State of Otf)..
My Commission Expires Fob. ZC, 20LO
(Recorded in Lake County)
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1.0 DESCRIPTION
The proposed License Amendment Request, submitted for Nuclear Regulatory
Commission (NRC) review and approval, modifies Technical Specification (TS) 3.4.1,
"Recirculation Loops Operating" associated with single recirculation loop operation by
incorporating limits for the Linear Heat Generation Rate (LHGR) fuel thermal limit into
the Limiting Condition of Operation (LCO). Currently, TS 3.4.1 only contains thermal
limits for the Minimum Critical Power Ratio and the Average Planar Linear Heat
Generation Rate. Thermal limits associated with two recirculation loop operation are
contained in TS 3.2.1, 'Average Planar Linear Heat Generation Rate (APLHGR)", TS
3.2.2, "Minimum Critical Power Ratio (MCPR)", and TS 3.2.3 "Linear Heat Generation
Rate (LHGR)." The proposed TS changes will reflect a consistency with the two
recirculation loop LCOs by including the same three thermal limits into the single
recirculation loop LCO.
A similar change to include the single recirculation loop operation LHGR limits into
TS 3.4.1 was submitted for the Dresden Nuclear Power Station, the LaSalle County
Station, and the Quad Cities Nuclear Power Station (ADAMS Accession Number
ML033180448) in November 2003.
2.0 PROPOSED TECHNICAL SPECIFICATION CHANGE
Technical Specification 3.4.1, uRecirculation Loops Operating", will be changed by
adding the following condition to the Limiting Condition of Operation (LCO):
"4. LCO 3.2.3, 'Linear Heat Generation Rate (LHGR)" limits modified for
single loop operation as specified in the COLR; and"
Additionally, an editorial change to revise the numbering of the conditions within the LCO
and the inclusion of the condition into the ACTION statements will result from the
proposed change.
3.0 BACKGROUND
THERMAL LIMITS
Thermal limits are established for the nuclear fuel in order to maintain fuel cladding
integrity during normal and off-normal plant conditions. The three thermal limits
associated with the Perry Nuclear Power Plant (PNPP) fuel design are the Linear Heat
Generation Rate (LHGR), the Average Planar Linear Heat Generation Rate (APLHGR),
and the Critical Power Ratio (CPR).
The LHGR is a measure of the heat generation rate of a fuel rod in a fuel assembly at
any axial location. Limits on the LHGR are specified to ensure that fuel design limits are
not exceeded anywhere in the core during normal operation, including Anticipated
Operational Occurrences (AOOs). Exceeding the LHGR limit could potentially result in
fuel damage and subsequent release of radioactive materials.
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The mechanisms that could cause fuel damage during the AOOs are:
*

rupture of the fuel rod cladding caused by strain from the relative expansion
of the U0 2 pellet, and

*

severe overheating of the fuel rod cladding caused by inadequate cooling.

A value of 1% plastic strain of the fuel cladding has been defined as the limit below
which fuel damage caused by overstraining of the fuel cladding is not expected to occur.
For operation with LHGR up to the LHGR limit, evaluations demonstrate that the 1% fuel
cladding plastic strain design limit will not be exceeded during operational transients.
The APLHGR is a measure of the average LHGR of all the fuel rods in a fuel assembly
at any axial location. Limits on the APLHGR are specified to ensure that the Peak
Cladding Temperature (PCT) during the postulated design basis Loss Of Coolant
Accident (LOCA) does not exceed the limits specified in 10 CFR 50.46. Operation up to
the maximum APLHGR limit ensures compliance with the 10 CFR 50.46 limits.
APLHGR limits are a function of exposure and the various operating core flow and
power states. The APLHGR limits are modified by the application of either a flowdependent multiplier or a power-dependent multiplier... These multipliers ensure that all
fuel design criteria are met for normal operation and A0Os. The multipliers are used
within the LOCA analysis.
The LOCA analysis is performed to ensure that the above modified APLHGR limits are
adequate to meet the PCT and maximum oxidation limits of 10 CFR 50.46. The PCT
following a postulated LOCA is a function of the average heat generation rate of all the
rods of a fuel assembly at any axial location and is not strongly influenced by the rod to
rod power distribution within an assembly. The APLHGR limits specified are equivalent
to the LHGR of the highest powered fuel rod assumed in the LOCA analysis divided by
its local peaking factor.
Since plant operations are associated with ensuring the fuel remains below the
Maximum APLHGR (or MAPLHGR) limits, for the remainder of this submittal MAPLGHR
will be used in place of APLHGR.
The Critical Power Ratio (CPR) is a ratio of the fuel assembly power that would result in
the onset of boiling transition to the actual fuel assembly power. Although fuel damage
does not necessarily occur if a fuel rod actually experiences boiling transition, the critical
power at which boiling transition is calculated to occur has been adopted as a fuel
design criterion.
The onset of transition boiling is a phenomenon that is readily detected during the testing
of various fuel bundle designs. Based on these experimental data, correlations have
been developed to predict critical bundle power (i.e., the bundle power level at the onset
of transition boiling) for a given set of plant parameters (e.g., reactor vessel pressure,
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flow, and subcooling). Because plant operating conditions and bundle power levels are
monitored and determined relatively easily, monitoring the CPR is a convenient way of
ensuring that fuel failures due to inadequate cooling do not occur.
LOCA ANALYSIS
PNPP uses the General Electric 'SAFER/GESTR" methodology for the LOCA analysis.
The LOCA analysis sets both the MAPLHGR and LHGR limits. The local peaking
assumed in the LOCA analysis is flatter than the actual local peaking. Therefore, a fuel
assembly operating at the LOCA MAPLHGR limit will have an actual LHGR value above
the LOCA analysis value. To ensure that the MAPLHGR and LHGR limits generated by
the LOCA analysis are not exceeded during operation, the difference between the
assumed local peaking factor and the actual peaking factor must be accommodated. To
accomplish this, one of two approaches may be followed. First, the actual local peaking
can be incorporated into the MAPLHGR limits through the use of "composite"
LOCA/Thermal-Mechanical MAPLHGR limits. Second, the actual peaking can be
included as part of the LHGR limit monitoring when exposure-dependent ThermalMechanical LHGR limits are used.
The LOCA analysis also defines a MAPLHGR multiplier for Single Recirculation Loop
Operation (SLO) in order to limit the Peak Cladding Temperature (PCT) increase during
SLO. To develop the SLO multiplier, both the MAPLHGR and LHGR values are reduced
within the LOCA analysis until the PCT passes the acceptance criterion. Current
versions of core monitoring software contain a provision for a SLO MAPLHGR multiplier,
but contain no provision for a SLO LHGR multiplier. The SLO MAPLHGR multiplier is
sufficient when the "composite" MAPLGHR limits are used since the "composite" limits
address the effects of the actual local peaking.
Compliance with TS 3.4.1 is based upon use of the "composite" LOCA/ThermalMechanical MAPLHGR limits. Hence, the LHGR limit is adjusted for SLO by use of the
SLO MAPLHGR multiplier being applied to the "composite" MAPLHGR limits. However,
if the 'composite" MAPLHGR limits are not used, then a SLO multiplier must be added to
the LHGR limits when in SLO to ensure plant operations remains within the bounds of
the LOCA analysis.
CORE MONITOR
The core monitor is a system of computer programs designed to monitor and predict
core parameters under various reactor operation states (i.e., startup, steady state, and
maneuvering). The core monitor calculates the thermal limits for actual core conditions,
which is used for Technical Specification compliance.
The 3D Monicore (core monitor used at PNPP) uses the 3-dimensional core simulator
software, PANACEA for calculating reactor power, and moderator void and flow
distributions. From these parameters, other parameters such as thermal limits can be
determined.
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Prior to Refueling Outage 9, PNPP used PANACEA, Version 10. PANACEA, Version 10
monitored the LHGR and MAPLHGR criteria using the 'composite" LOCA/Thermal
Mechanical MAPLHGR limits. The end result is if PNPP were to operate up to the
acomposite" LOCA/Thermal-Mechanical MAPLHGR limits, the MAPLHGR and the LHGR
would be less than the MAPLHGR and LHGR assumed in the LOCA analysis.
For SLO, PANACEA applies a SLO multiplier to the 'composite" MAPLHGR limits. By
use of the SLO multiplier, the reactor cannot be operated beyond the values of
MAPLHGR and LHGR assumed in the SLO analysis.
4.0 TECHNICAL ANALYSIS
During Refueling Outage 9 PNPP upgraded the core monitor to use the PANACEA,
Version 11 software.
The PANACEA, Version 11 software eliminated the "composite" ECCS-LOCArThermalMechanical MAPLHGR limits that was used in PANACEA, Version 10. The "composite"
MAPLHGR limit was replaced by the LOCA MAPLHGR limits and the ThermalMechanical LHGR limits. Use of either the "composite" MAPLHGR limits or the LOCA
MAPLHGR limits and the Thermal-Mechanical LHGR limits is consistent with the
SAFER-GESTR LOCA methodology. By eliminating the composite" MAPLHGR limits,
the fuel is now monitored against its true LOCA limit or its true Thermal-Mechanical limit.
Resulting in better and more efficient core designs, as well as achieving better core
operations.
When in SLO, PANACEA, Version 11 will automatically apply the SLO multiplier to the
LOCA MAPLHGR limit. However, PANACEA, Version 11 does not automatically apply the
SLO multiplier to the LHGR limit. Therefore, the SLO multiplier for the ThermalMechanical LHGR limit is required to be manually inputted during SLO. Currently,
administrative controls are in place to ensure that this function occurs.
The proposed changes to Technical Specification 3.4.1, "Recirculation Loops
Operating", will incorporate the requirement for the LHGR limit to be modified by the
SLO multiplier as used in the LOCA analysis when the plant enters SLO. This will
provide assurance that the appropriate fuel thermal limits will be used during SLO.
5.0 REGULATORY ANALYSIS
SIGNIFICANT HAZARDS CONSIDERATION
The Significant Hazards Consideration for the proposed Technical Specification change
is contained in Attachment 3.
6.0 ENVIRONMENTAL CONSIDERATION
The proposed Technical Specification change request was evaluated against the criteria
of 10 CFR 51.22 for environmental considerations. The proposed change does not
significantly increase individual or cumulative occupational radiation exposures, does not
significantly change the types or significantly increase the amounts of effluents that may
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be released offsite, and as discussed in Attachment 3, does not involve a significant
hazards consideration. Based on the foregoing, it has been concluded that the
proposed Technical Specification change meets the criteria given in 10 CFR 51.22(c)(9)
for a categorical exclusion from the requirement for an Environmental Impact Statement.
7.0 REFERENCES
1. PNPP Technical Specifications
2. Letter from L.R. Conner (General Electric) to J. Rinckel (FirstEnergy), 'Single Loop
Operation (SLO) LHGR Limits for Perry Cycle 10w, dated June 4, 2003. (Proprietary
Document)
3. NRC Administrative Letter 98-10, "Dispositioning of Technical Specifications That
Are Insufficient to Assure Plant Safety", dated December 29, 1998
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SIGNIFICANT HAZARDS CONSIDERATION
The proposed amendment is requesting Nuclear Regulatory Commission review and
approval of changes to the Perry Nuclear Power Plant (PNPP) Technical Specifications
which would modify the existing Technical Specification (TS) 3.4.1, uRecirculation Loops
Operating" associated with single recirculation loop operation by incorporating limits for
the Linear Heat Generation Rate (LHGR) fuel thermal limit into the Limiting Condition of
Operation (LCO). Currently, TS 3.4.1 only contains thermal limits for the Minimum
Critical Power Ratio and the Average Planar Linear Heat Generation Rate. Thermal
limits associated with two recirculation loop operation are contained in TS 3.2.1,
uAverage Planar Linear Heat Generation Rate (APLHGR)", 3.2.2, "Minimum Critical
Power Ratio (MCPR)", and 3.2.3 uLiner Heat Generation Rate (LHGR)." The proposed
TS change will reflect a consistency with the existing two recirculation loop LCOs by
ensuring the same three thermal limits are contained within the single recirculation loop
LCO.

The standards used to arrive at a determination that a request for amendment involves
no significant hazards considerations are included in the Nuclear Regulatory
Commission's regulation, 10 CFR 50.92, which states that the operation of the facility in
accordance with the proposed amendment would not: (1) involve a significant increase
in the probability or consequences of an accident previously evaluated; or (2) create the
possibility of a new or different kind of accident from any previously evaluated; or (3)
involve a significant reduction in a margin of safety.
The proposed amendment has been reviewed with respect to these three factors, and it
has been determined that the proposed change does not involve a significant hazard
because:
1. The proposed change does not involve a significant increase in the probability or
consequences of an accident previously evaluated.
The LHGR is a measure of the heat generation rate of a fuel rod in a fuel assembly
at any axial location. Limits on the LHGR are specified to ensure that fuel design
limits are not exceeded anywhere in the core during normal operation, including
Anticipated Operational Occurrences (AOOs). Additionally, the LHGR limits provide
assurance the fuel Peak Cladding Temperature (PCT) during a Loss Of Coolant
Accident (LOCA) will not exceed the requirements of 10 CFR 50.46.
The PNPP Core Monitor previously automatically modified the "composite"
LOCANThermal-Mechanical MAPLHGR limits for single recirculation loop operation.
As a result, the LHGR limit was adjusted for single recirculation loop operation by
application of the single recirculation loop operation MAPLHGR multiplier to the
"composite" MAPLHGR limits. The proposed TS change establishes a TS
requirement for LHGR limits to be modified, as specified in the Core Operating Limits
Report, during single recirculation loop operation. This TS requirement provides
assurance that the fuel design limits will remain satisfied during the time the plant
may be in single recirculation loop operation.

A
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There are no physical modifications being made to any plant system or component,
including the fuel.
I
The manual versus automatic adjustment of the LHGR limits when in single reactor
loop operation is considered a change in the implementation of a core monitoring
function. However, since the LHGR limits that will be applied to the core are
consistent with the NRC-approved fuel design and LOCA methodologies in use at
PNPP, this change in monitoring implementation is not considered significant.
Therefore, since no significant changes are being made to the plant or its operation,
the probability or the consequences of an accident have not increased over those
previously evaluated.
2. The proposed change does not create the possibility of a new or different kind of
accident from any accident previously evaluated.
There are no physical modifications being made to any plant system or component,
including the fuel. The manual versus automatic adjustment of the LHGR limits
when in single reactor loop operation is considered a change in the implementation
of a core monitoring function. However, since the LHGR limits that will be applied to
the core are consistent with the NRC-approved fuel design and LOCA methodologies
in use at PNPP, this change in monitoring implementation is not considered
significant. The proposed TS change provides assurance that the LHGR limits will
be adjusted if the plant enters a condition of single recirculation loop operation,
thereby ensuring the fuel design limits remain satisfied.
Therefore, the proposed change does not create the possibility of a new or different
kind of accident from any accident previously evaluated.
3. The proposed change does not involve a significant reduction in a margin of safety.
There are no physical modifications being made to any plant system or component,
including the fuel. The manual versus automatic adjustment of the LHGR limits
when in single reactor loop operation is considered a change in the implementation
of a core monitoring function. However, since the LHGR limits that will be applied to
the core are consistent with the NRC-approved fuel design and LOCA methodologies
in use at PNPP, this change in monitoring implementation is not considered
significant. The proposed TS change provides assurance that the LHGR limits will
be adjusted if the plant enters a condition of single recirculation loop operation,
thereby ensuring the fuel design limits remain satisfied.
Therefore, the proposed change does not involve a significant reduction in a margin
of safety.
Based upon the reasoning presented above, the requested change does not involve a
significant hazards consideration.
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TECHNICAL SPECIFICATION PAGES
ANNOTATED WITH THE PROPOSED AMENDMENT

Attachment 4
PY-CEI/NRRS2794L
Page 2 of 4
IRecirculation Loops Operating

3.4.1

3.4

REACTOR COOLANT SYSTEM (RCS)
Recirculation Loops Operating

3.4.1
LCO

3.4. 1

Either:
a.

Two recirculation loops shall be in operation with
matched flows:

OR

b.

One recirculation loop shall be in operation with:
1. Thermal power s 2500 MWt:
2. LCO 3.2.1 'AVERAGE PLANAR LINEAR HEAT;GENERATIONRATE (APLHGRI' Llimii-q-od.3-i ed for.single
e
ion lo%>operatio
3. LCO 3.2.2 'Minimum Critical Power Ratio (MCPR))
~limits modified for single recirculation loop

,~'

/
_

/

-- -- _

gT
N
tA I
\

X

S
'

{

k..operation as specified in the COLR; mzie

>

LCO 3.3.1.1. "Reactor Protection System (RPS)
Instrumentation." Function 2.b (AveaePwr Range
Monitors Flow Biased Simulated.The mle~r-High)
Allowable Value of Table 3.jF^htet for .single

1P ope
APPLICABILITY:

MODES I and 2.

ACTIONS
REQUIRED ACTION

CONDITION

A. Recirculation loop jet
puma flow mismatch not
within limits.

A.1

Declare the
recirculation loop
with lower flow to be
.not in operation.'

COMPLETION TIME

2 hours.

(continued)

PERRY - UNIT 1

3.4-1

Amendment No. 118
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INSERT 1
4. LCO 3.2.3, "Linear Heat Generation Rate (LHGR)" limits modified for single
recirculation loop operation as specified in the COLR; and
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Recirculation Loops Operating
3.4.1
(continued)

ACTIONS

CONDITION

REQUIRED ACTION

B. Thermal power
> 2500 MWt during
single recirculation
loop operation.

COMPLETION TIME

B.1

Reduce thermal power
to 5 2500 MWt.

1 hour

.1

Satisfy the
requirements of the
LCO.

24 hours

Ky
C

,;7

Rpnijierpment

h -2 . h 3.

or b.X of the LCO not

Ir

met. $

I

-

Required Action and
associated completion
time of Condition A.
B. or C not met.

D.1

Be in MODE 3.

12 hours

OR
No recirculation
loops in operation.

PERRY - UNIT I

3.4-2 (next page is 3.4-4)

Amendment No.118
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MARKED-UP
TECHNICAL SPECIFICATION BASES PAGES
(For Information Only)

These pages reflect not only the proposed amendment but additional changes that
provide clarification and consistency within the Bases of the Thermal Limit Technical
Specifications. The additional changes are being included for they are relevant to the
changes being made by the proposed amendment and will provide a clearer
understanding of the proposed amendment.
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B 3.2

APLHGR
B 3.2.1

POWER DISTRIBUTION LIMITS

B 3.2.1 AVERAGE PLANAR LINEAR HEAT GENERATION RATE (APLHGR)
BASES
The APLHGR is a measure of the average LHGR of all the fuel
rods in a fuel assembly at any axial location. Limits on
the APLHGR are specified to ensure that the peak cladding
temperature (PCT) during the postulated design basis loss of
coolant accident (LOCA) does not exceed the limits specified
in 10 CFR 50.46.

BACKGROUND

-

APPLICABLE
SAFETY ANALYSES

The analytical methods and assumptions used in evaluating
the fuel design limitsseo
U_
C
.and
a
nRfrnes
1 i 2Th-----,-haytial ethods and assumptions used in evaluating Es~
KBaiA GG4 ssts--(

BA^). anticipatpd nperation;1 imansierte, Lc c,4

and normal opertions that d-ete'rm'in-e APLHGR lim;its-a-re'
eferences 1, 2. 3. and 4.

-

APLHGR limits are developed as a function of exposure and
the various operating core flow and power statesy zE.
dependent APLHGR limits are determined using the tfreew
dimensional BWR simulator code (Ref. 5) to analyze slow flow
runout transients. The flow dependent multiplier. MAPFACf.
is dependent on the maximum core flow runout capability.
MAPFACf curves are provided based on the maximum credible
flow runout transient for Loop Manual and Non Loop Manual
operation. The result of a single failure or single
operator error during Loop Manual operation is the runout of
only one loop because both recirculation loops are under
independent control. Non Loop Manual operational modes
allow simultaneous runout of both loops because a-single
controller regulates core flow.
(continued)

p/ iZ.V
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Revision No. 4
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APLHGR
B 3.2.1
BASES
APPLICABLE
SAFETY ANALYSES
(continued)

Based on analyses of limiting plant transients (other than
core flow increases) over a range of power and flow
conditions, power dependent multipliers, MAPFACp, are also
generated. Due to the sensitivity of the transient response
to initial core flow levels at power levels below those at
which turbine stop valve closure and turbine control valve
fast closure scram signals are bypassed. both high and low
core flow MAPFAC limits are provided for operation at.power
levels between 23.8% RTP and the previously mentioned bypass
power
The uop dependent APLHGR limits are
c--re
ed by
C an hA P
various operating
conditions to ensure that all f
design criteria are met
for normal operation and Askew- Ycomplete discussion of the
analysis code is provided. 'ef
ence 6. The ECCS/LOCA
analysis assumes
ste
f MAPFAC.
sesehe
p formed to ensure that the above
determined APLHEli
are adequate to meet the PCT and
maximum oxidation imits of 10 CFR 50.46. The analysis is
performed using calculational models that are consistent
with the requirements of 10 CFR 50, Appendix K. A
discussion of the analysis code is provided in Reference 7.
The PCT following a postulated LOCA is a function of the
average heat generation rate of all the rods of a fuel
assembly at any axial location and is not strongly
influenced b the rod to rod power distribution within an
assemblT e highestpowere
ass ed in the LOCA
alysis divided by its local peaking factor. -AX

ccnszar'~'ti'' multipli.r : ppi icet thc UR aszumod-in;
-the LOCAI analyzi oacon orteucetit azzcae
with thc measur ement of the APLHGR.-k&114V

4

7

-

,_

'-Avv

For sing e recircu ion oop operation, the MAPFAC
multiplier is limited to a maximum value which is specified
in the COLR. This multiplier is due to the conservative
analysis assumption of an earlier departure from nucleate
boiling with one recirculation loop available, resulting in
a more severe cladding heatup during a LOCA.
The APLHGR satisfies Criterion 2 of the-NRC Policy
Statement.

(continued)
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APLHGR
B 3.2.1
BASES

(continued)

LCO

The APLHGR limits specified in the COLR are a function of
exposure and are a result of DBA analyses. For two
recirculation loops operating, the limit is determined by
multiplying the smaller of the MAPFACf and MAPFACp factors
times the exposure dependent APLHGR limits. With only one
recirculation loop in operation. in conformance with the
requirements of LCO 3.4.1, "Recirculation Loops Operating,"
the limit is determined by multiplying the exposure
dependent APLHGR limit-by the smallest of MAPFACf, MAPFAC ,
and the limiting value specified for single recirculatiorn
loop operation in the COLR, which has been determined by a
specific single recirculation loop analysis (Ref. 2).

APPLICABILITY

The APLHGR limits are
mal
ved from fuel design
evaluations and LOC
G
s
.nalyses that are assumed
to occur at high po~ec levels. D s'gn calculations and
operating experience h'v8-hofn-tfat as power is reduced.
the margin to the required APLHGR limits increases. This
trend continues down to the power range of 4.7% to 14.2% RTP.
when entry into MODE 2 occurs. When in MODE 2. the
intermediate range monitor (IRM) scram function provides
rapid scram initiation during any significant transient.
thereby effectively removing any APLHGR limit compliance
concern in MODE 2. Therefore, at THERMAL POWER levels
< 23.8% RTP. the reactor operates with substantial margin to
the APLHGR limits: thus. this LCO is not required.

ACTIONS
If aLny APLHGRi
exceeds the required Iimitp an assumped on
regarding an inityofion of the DBA
o
ng
et. Therefore. prompt action i a
simultaneously wi

7d
nrods.
i
(ctd
The 2 hour Completion iei ufcett etr the
APLHGR(s) to within its limit and is acceptable based on the
Bi ccurring
low probability of a trnsen g
simultneously with th PHR@ fspecification.
(continued)
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APLHGR

B 3.2.1
BASES
ACTIONS
(continued)

B.1
If the APLHGR cannot be restored to within its required
limit within the associated Completion Time. the plant must
be brought to a MODE or other specified condition in which
the LCO does not apply. To achieve this status, THERMAL
POWER must be reduced to < 23.8% RTP within 4 hours. The
allowed Completion Time is reasonable, based on operating
experience, to reduce THERMAL POWER to < 23.8% RTP in an
orderly manner and without challenging plant systems.

SURVEILLANCE
REQUIREMENTS

SR 3.2.1.1
APLHGRs are required to be initially calculated within
12 hours after THERMAL POWER is.Ž 23.8% RTP and then every
24 hours thereafter. They are compared to the specified
limits in the COLR to ensure that the reactor is operating
.within the assumptions of the safety analysis. The 24 hour
Frequency is based on both engineering judgment and
recognition of the slowness of changes in power distribution
under normal conditions. The 12 hour allowance after.
THERMAL POWER 2 23.8% RTP is achieved, is acceptable given
the large inherent margin to operating limits at low power
levels.

REFERENCES

1.

NEDE-24011-P-A. "General Electric Standard Application
for Reactor Fuel. GESTAR-II" (latest approved
revision).

2.

USAR, Chapter 15, Appendix 15B.

3.

USAR. Chapter 15. Appendix 15F.

4.

USAR. Chapter 15, Appendix 15E.

5.

NEDO-30130-P-A. "Steady State Nuclear Methods," April
1985.
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INFORMIATION ONLY
oN

"Tr
Aspg~ira3cn
PERRY - UNIT I

B 3.2-4

I

Revision No. 3

Attachment 5
PY-CEI/NRR-2794L
Page 6 of 20

APLHGR
B 3.2.1
BASES
REFERENCES
(continued)

6.

NEDO-24154. "Qualification of the One-Dimensional Core
Transient Model for Boiling Water Reactors," October
1978.

7.

USAR, Section 6.3
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POWER DISTRIBUTION LIMITS
LINEAR HEAT GENERATION RATE (LHGR)

BASES
BACKGROUND

The LHGR is a measure of the heat generation rate of a fuel
rod in a fuel assembly at any axial location. Limits on the
LHGR are specified to ensure that fuel design limits are not,,-. exceeded anywhere-in the core during normal operation,
including anticipated operational occurrences (AOOs) c.
.7AV/'6J
Exceeding the LHGR limit could potentially result in fuel
damage and subsequent release of radioactive materials.
Fuel design limits are specified to ensure that fuel system
damage, fuel rod failure or inability to cool the fuel does
not occur during the anticipated operating conditions
identified in USAR Chapters 6 and 15.

-

APPLICABLE
SAFETY ANALYSES

The analytical methods and assumptions used in evaluating
the fuel design limits are presented inthe USAR. Chapters
4. 6. and 15. and in References 1 and 2. The fuel assembly
isdesigned to ensure (inconjunction w1 he core nuclear
and thermal hydraulic design, plant equi pmen
instrumentation, and protection system) that fuel
age
will not result inthe release of radioactive materia in
excess of the guidelines'of 10 CFR. Parts 20, 50, and 10
The mechanisms that could cause fuel damage during
operational transients and that are considered in fuel
evaluations are:

(

a. Rupture of the fuel rod cladding caused by strain frok
the relative expansion of the U02 pellet: and
b. Severe overheating of the fuel rod cladding caused by
inadequate cooling.
A value of 1%plastic strain of the fuel cladding has been
defined as the limit below which fuel damage caused by
overstraining of the fuel cladding is not expected to occur
(Ref. 1).
Fuel design evaluations have been performed and demonstrate
that the 1X fuel cladding plastic strain design limit is not
exceeded during-AG~=:fer operation with LHGR up to the
operating limit LHG/ specified inthe COLR.
(continued)
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(continued)

The analysis also includes allowances for short term
transient operation above the operating limit to account for
AO0s, plus an allowance for densification power spiking.
The LHGR limits are developed as a function of exposure and
the various operating core flow and power states to ensure
adherence to fuel design limits during the limiting
AO0s(Refs. 3 and 4). Flow dependent Thermal-Mechanical LHGR
Limits are determined using the three dimensional BWR
simulator code (Ref. 5) to analyze slow flow runout
transients. The flow dependent multiplier for the ThermalMechanical LHGR Limits is dependent on the maximum core flow
runout capability. Thermal-Mechanical LHGR Limit curves are
provided based on the maximum credible flow runout transient
for Loop Manual and Non Loop Manual operation., The result
of a single failure or single operator error during Loop
Manual operation is the runout of only one loop because both
recirculation loops are under independent control. Non Loop
Manual operational modes allow simultaneous runout of both
loops because.a single controller regulates core flow.
The LHGR limits are primarily derived from fuel design
evaluations and transient analyses that are assumed to occur
at high power levels. Design calculations and operating
experience have shown that as power is reduced, the margin
to the required LHGR limits increases. This trend continues
down to the power range of 4.7% to 14.2% RTP when entry into
MODE 2 occurs. When in MODE 2. the intermediate range
monitor (IRM) scram function provides rapid scram initiation

during any significant transient, thereby effectively
removing any LHGR limit compliance concern inMODE 2.
Therefore, at THERMAL POWER levels < 23.8% RTP. the reactor
operates with substantial margin to the LHGR limits; thus.
this LCO isnot required
The LHGR satisfies Criterion 2 of the NRC Policy Statement.
LCO

The LHGR isa basic assumption inthe fuel design analysis.
The fuel has been designed to operate at rated core power
with sufficient design margin to the LHGR calculated to
cause a 2%fuel cladding plastic strain. The operating
limit to accomplish this objective isspecified inthe COLR.
(continued)
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(continued)

APPLICABILITY

The LHGR limits are derived from fuel design analysis that
islimiting at high power level conditions. At THERMAL
POWER levels < 23.8% RTP. the reactor is operating with
substantial margin to the LHGR limits and this LCO isnot
required.

ACTIONS

A.1
Ifany LHGR exceeds the required limit, an assumption
regarding an initial condition of the fuel design analysis
isnot met. Therefore, prompt action istaken to restore
the LHGR(s) to within required limit(s) such that the plant
will be operating within analyzed conditions and within the
design limits of the fuel rods. The 2 hour Comfipletion Time
issufficient to restore the LHGR(s) to within its limit and
isacceptable based on the low probability of a transient or
Design asis AGG4d-4t occurring simultaneously with the LHGR
out of specification.
B.1

JL !CS J

If the LHGR cannot be restored to within its required limit
within the associated Completion Time, the plant must be
brought to a MODE or other specified condition in which the
LCO does not apply. To achieve this status. THERMAL POWER
must be reduced to < 23.8% RTP within 4 hours. The allowed
(continued)
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B.1

(continued)

Completion Time is reasonable, based on operating
experience. to reduce THERMAL POWER to < 23.8% RTP in an
orderly manner and without challenging plant systems.
SURVEILLANCE
REQUIREMENTS

REFERENCES

SR 3.2.3.1
The LHGRs are required to be initially calculated within
12 hours after THERMAL POWER is > 23.8% RTP and then every
24 hours thereafter. They are compared to the specified
limits in the COLR to ensure that the reactor is operating
within the assumptions of the safety analysis. The 24 hour
Frequency is based on both engineering judgment and
recognition of the slowness of changes in power distribution
under normal conditions. The 12 hour allowance after
THERMAL POWER 2 23.8% RTP is achieved, is acceptable given
the large inherent margin to operating limits at lower power
levels.
1.

NUREG-0800, "Standard Review Plan." Section 4.2.
II.A.2(g), Revision 2. July 1981.

2.

USAR. Chapter 15, Appendix 15B.

3.

USAR. Chapter 15. Appendix 15F.

4.

USAR, Chapter 15. Appendix 15E.

5.

NEDO-30130-P-A. -Steady State Nuclear Methods." April
1985.
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Recirculation Loops Operating
B 3.4.1

B 3.4
B 3.4.1

REACTOR COOLANT SYSTEM (RCS)
Recirculation Loops Operating

ONLY
INFORMATION
t13{iF~t~l~0,0
ilS 0N1D

BASES
BACKGROUND

The Reactor Coolant Recirculation System is designed to
provide a forced coolant .flow through the core to remove
heat 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 control the void content of the
moderator. The Reactor Coolant Recirculation System
consists of two recirculation pump loops external to the
reactor vessel. These loops provide the piping path for the
driving flow of water to the reactor vessel jet pumps. Each
external loop 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
lines are routed to the jet pump risers within the reactor
vessel. The remaining portion of the coolant mixture in the
annulus becomes the suction flow for the jet pumps. This
flow enters the jet pump at suction inlets and is
accelerated by the driving flow. The drive flow and suction
flow are mixed in the jet pump throat section. The total
flow then passes through the jet pump diffuser section 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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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 coolant exits the core. Because of reduced
moderation, the steam voiding introduces negative reactivity
that must be compensated for to maintain or to increase
reactor power. The recirculation flow control allows
operators to increase recirculation flow and sweep some of
the voids from the fuel channel, overcoming the negative
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.
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recirculation loop 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. During single recirculation loop operation. the
recirculation flow control system is maintained in the Loop
Manual mode. If the recirculation flow control system is
not in the Loop..Manualbmode while in single recirculation
loop operation. immediately initiate action to place the
recirculation flow control system in the Loop Manual mode
within one hour.
During single recirculation loop operation, with the
volumetric recirculation loop drive flow greater than
48.500 gpm. immediately initiate action to reduce flow to
less than or equal to 48.500 gpm within one hour.

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 pi pe break, the intact loop is assumed to
provide coolant flow during the first few seconds of the
accident. The initial core flow decrease is rapid because
the recirculation pump in the broken loop ceases to pump
reactor coolant to the vessel almost immediately. The pump
in the intact loop coasts down relatively slowly. This pump
coastdown governs the core flow response for the next
(continued)
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APPLICABLE
several seconds until the jet pump suction is uncovered
SAFETY ANALYSES (Ref. 1). The analyses assume that both loops are operating
(continued)
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 at a lower flow rate). a small mismatch has been
determined to be acceptable based on engineering judgement.
eml-tral-s assumed to have
sufficient flow coastdown charac t stics to maintain fuel
thermal margins during atra
ational
insI
in apter 15 of the USAR.

c s

lant
is has been performed assuming.
onne operating recirculation
This analysis has
demonstrated that., in the event of a LOCA caused by a pipe
break in the operati gecirculation loop. the Emergency
Core Co
m respo me-w444provide adequate core
cool i .provi ed THERMAL POWER is. uced to < 2500 MWt,
and t eAPLHGR requirements are modi *ed accordingly
(Ref. 3).
AA
4dn 10HR
The transien
15 of the USAR have also
been performed for single recirculation loop operation
(Ref. 3) and demonstrate sufficient flow coastdown
characteristics to maintain fuel thermal margins during the
abnormal operational transients analyzed provided THERMAL
POWER is reduced to < 2500 MWt. and 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 require
to account for the different relationships between
recirculation drive flow and reactor core flow. The AP GR, L(c/2.
and MCPR limits for single loop operation are specified n
the COLR. The APRM flow biased simulated thermal power
setpoint is inLCO 3.3.1.1. "Reactor Protection System (RPS)
Instrumentation."
Recirculation loops operating satisfies Criterion 2 of the
NRC Policy Statement.
(continued)
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(continued)

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 pi ing of one recirculation loop the
assumptions of the LOCA analysis are satisfied.
Alternatively. with the limits specified in SR 3.4.1.1 not
met, the recirculation loop with the lower flow must be
considered to be not in operation. With only one
recirculation loop in operation. THERMAL POWER must be
• 2500 MWt. and modifications to the required APLHGR limits
(LCO 3.2.1. "AVERAGE PLANAR LINEAR HEAT GENERATION RATE
(APLHGR)"), MCPR limits (LCO 3.2.2. "MINIMUM CRITICAL POWER
RATIO (MCPR)"), and APRM Flow Biased Simulated Thermal Power
(LCO 3.3.1.1) must be applied.to allow
-High set
unatiet operation consistent with the assumptions of
Reference 3.

APPLICABILITY

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

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

ACTIONS

A.1
With both recirculation loops operating but the
recirculation loop flows not matched. Required Action A.1
requires that the recirculation loops must be restored to
operation with matched flows within 2 hours. If the flow
mismatch can not be restored to within limits within 2
hours, one recirculation loop must be declared to be 'not in
operation'.

Z

-

A recirculation loop is considered to be not in operation
when the pump in that loop is idle or when the mismatch
between total jet pump flows of the two loops is greater
than required limits. The loop with the lower flow must be
considered not in operation. Should a LOCA 1occur with one
recirculation loop not in operationstie-dore flow coastdown
y-rE6fbe bounded by the LOCA 1
and resultant core res a
nyses. Terefore. only a limited time is allowed to
store the inoperable loop to operating status.
Alternatively, if the sing le loop requirements of the LCO
are applied to operating limits and RPS setpoints. operation
with only one recirculation loop would satisfy the
requirements of the LCO and the initial conditions of the
accident sequence.
The 2 hour Completion Time is based on the low probability
of an acciden occurring during this time period, on a
reasonable ti
to complete the Required Action, and on
equent c
monitoring by operators allowing abrupt
chan
Incore flow conditions to be quickly detected.
This Required Action does not require tripping the
recirculation pump in the lowest flow loop when the mismatch
between total jet pump flows of the two loops is greater.
than the required limits. However, in cases where large
flow mismatches occur, low flow or reverse flow can occur in
the low flow loop jet pumps. causing vibration of the jet
pumps. If large mismatches are detected. the condition
should be alleviated by changing flow control valve position
to re-establish forward flow or by tripping the pump, per
plant procedures.
(continued)
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ACTIONS
(continued)

B.1

A

Should a LOCA or
Maires4t occur with THERMAL POWER > 2500
MWt 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 < 2500
MWt.
The 1 hour Completion Time is based on the low probability
of an accidentfpccurring during this time period, on a
reasonable tiat to complete the Required Action, and on
frequent co monitoring by operators allowing changes in
ThERMAL
ER to be quickly detected.

(continued)
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(continued)

C.1
If the required limit and setpoint modifications for single
recirculation loop operation are not performed within 24
ransition from two recirculation loop operation
to single re rculation loop operation. or requirements b.2.
b.3 or b
f he LCO are not met for some other reason, the
/
must e nought to a MODE in which the LCO does not
apply (see ondition D). The 24 hour Completion Time of the
Conditio'provides time before the required modifications to
imits.and setpoints have to be in effect after a.
ange in the reactor operating conditions from two
recirculation loops operating to single recirculation loop
operation. This time is provided due to the need to
stabilize operation with one recirculation loop, including
the procedural steps necessary to limit flowi and adjust the
flow control mode (to only Loop Manual mode) in the
operating loop. and the.complexity and detail required to
fully implement and confirm the required limit and setpoint
modifications. The 24 hour Completion Time is also based on
the low probability of an accident ccurring during this
period, on a reasonable time to co plete the Required
Action, and on frequent monitoring by operators allowing
abrupt changes in core flow conditisonso be quickly
detected.
D.1
With no recirculation loops in operation. or the Required
Action and associated Completion Time of Conditions A. B. or
C not met, the unit is required to be brought to a MODE in
which the LCO does not apply. The plant is required to be
placed in MODE 3 within 12 hours. In this condition. the
recirculation loops are not required to be operating because
of the reduced severity of DBAs and minimal dependence on
the recirculation loop coastdown characteristics. The
allowed Completion Time of 12 hours is reasonable, based on
operating experience, to reach MODE 3 from full power
conditions in an orderly manner and without challenging
plant systems.
(continued)
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(continued)

SURVEILLANCE
REQUIREMENTS

SR 3.4.1.1
This SR ensures the recirculation loop flows are within the
allowable limits 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
loops 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 loop flows in a timely manner.

(continued)
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(continued)
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