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U. S. Nuclear Regulatory Commission
. Attention: Document Control Desk
Washington, D.C. 20555-0001

Clinton Power Station, Unit 1
Facility Operating License No. NPF-62
NRC Docket No. 50-461

Subject: Issuance of the Core Operating Limits Report
for Clinton Power Station, Unit 1, Cycle 12

In accordance with Technical Specification 5.6.5, “Core Operating Limits Report (COLR),”
Item d., AmerGen Energy Company, LLC (AmerGen) is submitting the COLR for Clinton
Power Station, Unit 1, for Cycle 12.

Should you have any questions concerning this report, please contact Mr. Steve Gackstetter,
Regulatory Assurance Manager, at (217) 937-2800. -

Respectfully,

fyan Hanson
Site Vice President
Clinton Power Station
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cc: Regional Administrator, NRC Region ll|
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1.0 . Terms and Definitions

Base Case A case analyzed with two (2) Safety-Relief Valves Out-of-Service (OOS), one .
(1)-ADS valve'0O0S, and up to a 50°F feedwater temperature reduction (FWTR
includes feedwater heater OOS or final feedvwater temperéature reduction) at
any point in the cycle operatio_n in Dual Loop mode (Beference 3).

-Coastdown The reactor condition where thermal power gradually decreases due to fuel
depletion while the foliowing conditions are met: 1) ali ‘operable control rods are
fully withdrawn and 2) all cycle extens:on techmques have been exhausted

*including FFWTR and ICF.

DLO Dual Reactor Recirculation LoopOperatlon e

FFWTR Final Feedwater Temperature Reductlon o b
FWHOOS Feedwater Heaters Out of Servxce

ICF Increased Core Flow

LHGR Li.near Heat Generation Ra’tezl,‘:_: .

D

LHGRFAC(F) LHGR thermal limit flow. dependent adjyustments and ,mul_tipli_ers'

LHGRFAC(P) LHGR thermal limit power depeswent ad;uatments and muttnphers

‘r G AT )

MAPLHGR Maximum Average Planar Lmear Hea‘t“ Gener_atnon Hate )

MCPR Minimum Critical Power Ratlo ;‘-?"‘*-‘r-'- 'k': : ’ o

MCPR(P) MCPR thermal limit power dependent adjistmenits and muitipliers
M:'C')“PH(F) ‘ MCPR thermal limit ﬂow dependent adjustments and multipliers
OLMCPR Operating Limit Minimum Critical Power Ratio |

SLMCPR | Safety Limit Minimum Critical Power Ratio

SLO Single Reactor Recirculation Loop Operation
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2.0 General Information

This reportis prepared in accordance with Technical Specification:5.6:5 of Reference 1. —’F"‘OWer and
flow dependent limits are listed for various power and flow levels Lmear mterpolaﬂon is to be
used to find intermediate values. '

The data presented in this report is valid for all licensed operating domains on the operating map,
including:

T Maxnmum :xtendeo Load Lme L;mlt down lu 89% of rateo core flow during full power
operation

Increased Core Flow (ICF) up to 107% of rated core flow _

Final Feedwater lemperature Reductlon (b-FWTR) up. to 50°r— during cycle extension
operation )

o Feedwater Heater Out of Servuce (FWHOOS) up to 50°F ieedwater temperature
reduction at any time during the cycle prior to cycle extension. \
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3.0 MAPLHGR Limits ‘

3.1 © Technical Specification Reference:
, Sectioh:; 3.2.1;nd 3.4.1. |
32 Description:

Table 3-1 is used to determine the maximum average planar linear heat generation rate
(MAPLHGR) limit for each fuel type. Limits listed in Talble 3-1 are for dual reactor recircuiation
loop operation (DLO).

For smgle reactor reclrculatlon Ioop operanon (SLO), the MAPLHGH hmuts given in Table 3-1
must be multlphed by a SLO MAPLHGR multiplier provided in Tabié 32, The SLO MAPLHGR
multlpher for GE14 fuel is 0.76 (Reference 3). A

Table 3-1

MAPLHGR for all GE14C Fuel'
(Reference 3, 13 and 15)

Avg. Planar | MAPLHGR
Exposure Limit
(GWd/ST) (kW/it)

0.00 12.82
14.51 12.82
19.13 12.82
57.61 8.00
63.50 5.00

Table 3-2

MAPLHGR Slngle Loop Operation (SLO) Muitiplier

(Reference 3)

Fuel MAPLHGR
Type SLo
Multiplier
GE14C 0.76

: Linear interpolation should be used for points not listed in Table 3-1.
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4.0 MCPR Limits
~&1  Techniz.. 3pecification Reference: - ._
Secuons 322 and 3.4.1 o o e i S
_-: 42 Desmpi'on 7 | L _ |
o The various MCP% hmuts are descr'bee below:‘ L Fo
4.2.1 Manua. Flow Control MCPH leItS" -

The Operaung Lumt \ACPR (OLMCPR) is dmermmed from e;ther section 4.2.1. 10r4.2.1. 2,
whichever |e grea.er at any g.ven power anu flow condmon S

4.2.1.1 Emuer_D.enendenLMQEB. N

For operation less than or equal to 33 3% core thermal power, the MCPR(P) asa
functiori of Core thermal | power Is shown in Table 4-2. For operation at greater than

7 38.3% cure thermal power, thé OLMCPR as a furiction of-core thermal power is
determined by Multiplying‘the’ applicablé rated condition OLMCPR limit shown in Table
4-1 by the applicable MCPR multiplier K(P) given in Table 4-2.

4212 Flow-Dependent MCPR

Tables 4-3 and 4-4 give the MCPR(F) as a function of flow based on the applicable
plant condition. The limits for dual foop operation are listed in Tables 4-3. The limits for
single loop operation are listed in Tables 4-4. The MCPR(F) determined from these
tables Is the flow dependent OLMCPR.

4.2.2 Automatic Fiow Control MCPR Limits

Automatic Flow Control MCPR Limits are not provided.
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423

424

Option A and Option B refer to use of scram speeds:for 2ssablishing MCPR operating
limits.

Option A scram speed is the BWR/6 Technical Specification scram speed. The
Technical Specification scram speeds must be met to utilize the Option A MCPR limits.
Reload analyses performed by GNF for Cycle 12 Option A MCPR limits utilized a 20%
core average insertion time of.0.516 seconds (Reference 17).

To utilize the MCPR limits for the Optlon Biscram.speed; the cycle average scram
insertion time for 20% insertion must satisfy equation 2 in Reference 5 Section 4. If the

.- Gycle average scram insertion:tirne does not meet the Option B criteria, the appropriate
MCPR value may be deﬁermlned from.a linear mterpolatlon between the Option A and B

limits as specified by equatlon 4 in Reference 5 Sectlon 4,

f.“CycIe 12 was ana!yzed with a maximum. core ﬂow runqut of 109%, therefore the
.. recirculation flow control valve must be set. te mamtam core:flow less than 109%
(92 105 Mlb/hr) for aJl runout events (Referencp 1(-})
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‘. Table 4-

up 22t .J Llnl tMJJ""]-J al
=" - (Refercnce 3)

B COCIR:. COLR

Tlical Power Ratlo

Notes for Table 4-1:

O

' e L Lption B Option A
EOOS Combinatigh Aliexposures __A"_g!m_
Base Case 129 ' 1.37 "
Base Case £ 5 i 130 ° 1.40

Th.iton 1

Rev. 3

1. Analyzad Option B OLM«PH is 1. 97 per Fleference 3 value is adjusted to obtam an OPRAM

ampwedii setpeint ¢ 2

2. SLOOptionB OLMCPR is the ana!yzed Optlon B OLMCPR plus 0 03

LAt

Lo Table 42 .
Power Depende..t L..CPR-Limit Ad]ustmewts and Multiptiers MCPR(P)"?
. T 7 (Reference &, 7 and 11)

Cora Flow . L - Core Thermal Power (%)
00 : . [T RN BRI SR . ;
EOOS (%ot | 0 | 216 x33.3] >333 | <43 | >43 | <70 | >70 | 100
Combination Rated : .
ated) MCPR(P) K(P)
<50 22041220 | 1.97 )
Base Case - 1.351 1.347 1.313 1.212 1.15 1.00
) > 50 2461 246 | 217
<50 22312231200
Base Case SLO 1.351 1.347 1.313 1.212 1.16 1.00
> 50 249 1. 249 | 2.20
) ' ¢
Notes for Table 4-2;

1. Vaiues are interpolated between relevant powef levels.

2. Allowable EQOS conditions are listed in Section 8.

3. Based on 0.500 second turbine trip time de'ay with OLMCPR > 1.27.
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+ v Flow. Dopendsrt MCPR Limits:ME#R(F)

3 ;Fable 4-3

(Refefence 7 and 11)

-CEie Flow

(% rated): | MCPR(F)
0 T 18755
25
93.78 “
109 i

: S : “Table 4-4". . #
Sing!e Loop Operation (SLO) Flow Dependant MCPh'ﬁmmts MCPR(F)

. (Reference:7 and 11) ..

Core Flow

(% rated)

MCPR(F)

1.9055

1.7254

S R

123 .. . -

1
Linear interpolation should be used for points not listed in Table 4-3.
Linear interpolation should be used for points not listed in Table 4-4.
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5.0 Linear He_at Generatlon Rate Limits
Section 3.2.3 and 3.4.1. : :f:»;' .:-'.. IR e
52  Description:

The linear heat generation rate (LHGR) limit is the product of the exposure dependent LHGR
fimit (from Table 5-1for UO2 fuel rods and Table 5-2 for Gadolinia fuel rods) and the minimum
of: the power dependent LHGR Factor, LHGRFAC(P) the flow dependent LHGR Factor,
LHGRFAC(F), or the’ nglﬂ Ionp operation (S1.0) multiplication factor if applicable. The
LHGRFAC(P) is determined from Table 5- 3. The LHGRFAC(F) is determined from Table 5-4.
The SLO muitiplication factor can be found in Table 5-5. Tables 5-1 and 5-2 are the LHGR limit
as a function of peak pellet exposure.

The Gadoliiafue! fod-limiis in Tablg 5-2.ansthemost limiting Gadolinia fuel rods. The most
limiting values are provided hire as a convenience and do not |mply that all the Gadolinia fuel

roﬂs must satlsfv the heted values. ...

- Y Tar Loss of 'FlJLL' Feed Nater Heatmg (:10 °F of desngn NORMALIemca'ax J.g) LHGRFAC(P)

‘ -""vaud operatlng mode (Referehce 3; 7,

' is dete.rminec-fiom Table 5-6 and LHGRFAC(Fj is determined from Table 5-7. Concurrent

operation with SLO and réduced edwater heatmg has not tieen evaluated and thug is not a
8; G 'and 10) : s

Table 5-1.-

Linear Heat Generatlon Rate Lmuts for UOz Rods
(hefew»ms 4 12 and 14)

_Pe'a;; Pellet LHGR

Y} Expusure | Limit
BWAIST) | (wiR)
-om 1704340
4Lt f 13.40

f - 57.61 |7 8.09
| 6350 | 50

Linear interpolation should be used for points not listed iin,;.T able 5-1. The va.lﬁes-listedjn,-‘]'ab!e 5-1 are limiting for.all bundle types.
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Tabie 5-2:

Linear Heat Generation Rate lelts for Gad Rods
(Reference &; 12 and 14)

Peak Pellet LHGR
Exposure Limit
{GWd/ST) { kKW/it)

. 000 | 1176
o 1208 [ 1176
sa2i | 702
Table5-3

Power Dependem LHGR PMultiplier LHGRFAC(P)
- (Reference 3,.7.and 11) :

' : Core b,
-1 .Core. [ . PR
ECOS Combination - | o0 () f—2— | 218 | <333 | 093 [ 100

. ' 33* _ﬂQRFi&C(%")” '

. =56 | 08 T _.0 634 0668 -

Base Case 250 1 0572 1 0E72° 0600 _0.689 1.000
: <50 0.634 0.634 0.689
Base Case SLO >50 | 0572 0.572 0.600 0.689 1.000

LR WP
e

o “Table ,9-4 ' )
Flow Dependent LHGR Multiplier LHGRFAC(F)’
_ (Reference F and 1 1)

(% rated)' e

s, 0.00
. 25.00
» 30.00 O
82 18 Fusnp e snvarRgey
107.00

! Lmear interpolation should be used for points not listed in Table 5-2. The values listed in Table 5-2 are Ilmmng for all bundle types.
Linear interpolation should be used {67 points not listed in Table'5-3, °
Linear interpolat:on should be used for points not listed in Table 5-4.
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Tablo 56 :\
LHGR Single Loop Operrtion (SLO) Reduction Fartor
(Reference 3)
Fuél LHGR :
Type SLO g &
Multiplier .
GE14C . 0.76 o
Table 5-6..

Power Dependent LHGR Multlplier LHGRFAC(P)

+.(Loga of 'FULL" Feedwater Heatin. ,
lReference7 J_ 1Qand 1) .

Combination | CoreFlow | o . |. 216, [ 100
Base Case
Base Case SLO. :

» e Tgklg E-7 . L e < )
Flow Dependent LHGR Multlpller LHGRFAC(F)
(Loss of 'FULL' Feedwater Heating)

(Reference 7, 8, 9 and 10)

Core Flow
(% rated) LHGRFAC(F)
0.00 - 0.438
25.00 0.605
30.00 0.639
82.18 0.99
107.00 . 0.99

! Linear interpolation should be used for points not listed in Table 5-6.
Linear interpolation should be used for points not listed in Table 5-7.
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6.0  Reactor Protection System (RPS) Instrumentation
) e @ty

Lt Yoy 0l

6.1

Section 3.3.1.1

6.2  Description:

The Average Powe; Range Monitor (AF;RM) simulated thermal power time constant, shall be
between 5.4 seconds and 6.6 seconds (Reference 17).

7.0  Stability Protection Setpoints o

The Clinton 1 Cycle 12 OF’QRM Period Based Detectlon Afgonthm (PBDA) Trip Setpoints for the
OPRM System for use in Technical Spemfccatnon 3.3.1.3 are found in Table 7-1. These values are
based on the cycte specmc analy5|s documented |n Reference 3
- Any change to e OLMCPH value and/or AHTS based power dependent MCPR ltmlts should be
“ gvaluated Y1 potentlar lmpact on the' OPRM:PBDA Trip Setpomts ’ ;

: Tab%@ M | ‘. '
OPR N PBDA Trip Scipoints -
(Rxeference 3

W NEES

PBDA Trip Amplitude Corresponéiziggnft\n_?::imsuent'ft i:\)onfirmation
1.10 : L 13
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8.0 Modes Of Operation

The Allowed Modes of Operatnon with combmatlons of Equ:pment Out-of-Servnce (EOOS) are as
described below: " -+ o

~_Table 8-1
Modes of Operation '

(Reference 3)

" Operating Region_

'e_____..__sxangam___msu.m 4 ICF . | . FFWTR' .| Coastdown
iBase Case, Option A ko Yes e .oYes ¢ rbiv o Yes oo ]w o Yes - Yes
Base Case SLO', OptlonA Yes No | No No | Yes
Base Case, Option 8’ Y Yes t " Yes " Yes | " Yes® |  VYes
Yes _ No No~™ ““[" """ No '~ Yes

1. Concurrent operation with SLO and Loss of ‘FULL' Feedwater Heating (+10°F of desngn NORMAL temperature) or
FFWTR has not been evaluated and thus not a valid operating mode. (Reference 3,.7, 8, 9 and 10)

9.0  Methodology T

The analytical methods used to determine the core operating limits shall be thiose previously

reviewed and approved by the NRC, speciticzlly- thosa described in the following document:

1. “Genacral --Electric*-tStandard“;f'-App».'i-ca-;i:\‘n qa0f ‘Reactor Fuel”, NEDE-24011-P-4- Segiember
2005 and U.S. Supplement NEDE-24011-P-A-15-US, September 2005. SN

15
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