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1.0 Introduction and Summary

Ois Reload Safety Evaluation (RSE) report presents a description

and safety evaluation for the Cycle 2 reload core design of Unit 1 of the

North Anna Power Station. Unit I completed its first cycle of operation in

September, 1979 and achieved a core average burnup oi 15,892 FRfD/FrrU. During

the subsequent refueling, 52 Region 1 fuel assemblies will be replaced with

52 fresh Region 4 fuel assemblies. Unit 1 is projected to begin Cycle 2

operation in December, 1979 and will extend te the Fall of 1980, producing

approximately 9400 FnfD/MTU (246 EFPD) of energy. Operation of up to approxi-

mately 10,400 FnfD/"TU (272 EFPD) is allowed in a power coastdown mode.

All design and safety analvses performed for the Cycle 2 reload

core were based on the following assumptions:

1) Cycle 1 operation is terminated between 14,300 and 15,900 FRfD/MTU.

2) Cycle 2 burnup will not exceed 10,400 tafD/MTU.

3) Adherence to the plant operating limitations delineated in the

approved Technical Specifications (I) along with the proposed

Technical Specifications changes given in Attachment 2 is

maintained. The Technical Specifications changes are discussed

in Section 4.0 of this report.

The st'ety evaluation methodology applied to the Cycle 2 reload core is

c'escribed in detail in Reference 2. All of the postulated accidents which

were < mal) zed and reported in the FSAR(3) have been reviewed as described in

Reference 2 to deternine the potential impact of the Cycle 2 reload core

design on the transient results. The conclusions in the FSAR for the following

accidents were found to be potentially affected: Rod Cluster Control Assembly

Ejection f rom hot zero power at both beginning and end of life, the Main Stream

Line Break with a loss of offsite power, Excessive Heat Removal due to Feedwater

System Malfunction and Excessive Load Increase. These accidents were reanalyzed,
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and the results are discussed in Section 3.0 of this report.

Based on the evaluation contained in this report, it ha t, been

determined that the proposed Cycle 2 reload core will not ad':cruely affect

the safety of the station and, at the same time, will accomplish its energy

generation requirement.

2.0 Reload Core Design

2.1 Basic Design Parameters

The basic design parameters for Cycle 2 are a rated core power of

2775 th't , a system pressure of 2250 psia, a reactor average temperature

(Tavg) f 580.3 F, a core linear power density of 5.44 kw/ft (based on 143.7

inches average active fuel length) and a thermal design flow rate of 278,400
(3)

gpa.

2.2 Design Loading Pattern

The fuel assembly loading pattern is shown in Figure i and signif icant

core design parameters are denoted in Table 1. The core loading will contain

304 depleted burnable poisen rods. The burnable poison rod locations and

distributions are shown in Figure 2. Also shown in Figure 2 are the locations

of full length control rod and source assemblics. As shown, two unirradiated

secradary source;will be activated during Cycle 2 operation.

2 . _i ':achanical Design

The nechanical design of the tresh Region 4 fuel assemblies is

identical to that of Region 3. Clad flattening vill not occur during Cycle

2, as predicted by the currently approved model.(0)

For all fuel regions, the fuel rod internal pressure design basis

limits the internal pressure of the lead fuel rod to a value LAow that

which would cause 1) the dlametral gap to increase due to outward cladding

creep during steady state operation and 2) the occurrence of extensive DSB
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propagation. These criteria have been shown to be acceptable during normal

operation and accident conditions.(N The above criteria are satisfied for

the reactor for Cycle 2 operation as determined by the NRC approved ap-

plication of the fuel performance model in Reference O. Considerable

operating experience has been obtained with Westinghouse fuel and is extensive-

ly described in WCAP 8183,(D which is updated periodically.

2.4 Thermal and Ilydraulic Design

The present DNB core limits (3) have been found to be conservative

for Cycle 2.

The minimum fuel temperatures at power tor Cycle 2 were found to

be lower than those previously used in the FSAR. This resulted from the

use of more conservative methodology in the calculation of the fuel tempera-

tures. The transients affacted by this change are the cocidown accidents.

Of these accidents, the Excessive Load Increase and t.xcessive lleat Removal

du. to Feedwater System Malfunction transients (which are assumed to be

initiated at full power) were potentially adversely affected. These transients

were reanalyzed and are discussed further in Section 3.2.

The maximum linom power density limit of 21.1 kw/f t for overpower

.v :__.nts is estab.ished by the burnup-dependent fuel centerline temperature

li-:t of 4/00 F, and the time dependent fuel densification model of Reference

8. E .-c maximum local linear power density calculated for any overpower

transient resulting from allowable Cycle 2 operating conditions does not

exceed this limit.

Recent data on the effects of fuel rod how on DNn and the magnitude

of rod bow occurring during irradiation Indicate that the current Technical

SpecificationsreductionsontheFfyg li71t are very conservative. Thus

a change to the Technical Specifications uhich still conservatively accommodates
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the effects of fuel rod bow is proposed in Attachment 2 and is discussed

in detail in Section 4.0.

2.5 Nuclear Design

Representative radial power distributions have been calculated

with the model documented in Reference 9 and are provided in Figures 3-6.

Assemblywise beginning-of-cycle burnup distributions are provided in Figure

1 and estimated region average end of cycle burnups are provided in Table 1.

Burnup calculations were performed with the model documented in Reference

10. The radial peaking factors associated with routine steady state operation

are within appropriate design limits.

The moderator temperature coefficient will be zero or negative

above llot Zero power, as required by the current limits. The Cycle 2

reload core shutdown margin is adequate, as shown in Table 2. The control

rod insertion limits have been reviewed and found to meet all the criteria

specified in Reference 11. Consequently, the insertion limits have not

changed and are the current limits as shown in Figure 7.

2.6 Startup Physics-Test Program

A startup physics testing program will be conducted to ensure that

Cycle z physics performance characteristics will be bounded bv the appropriate

desi:n calculations. This program will include measurement of temperature

c oe: .~ ic ien t s , boron end points, rod bank worths, boron worths, and power

distribution, and is identical to that documented in References 12 and 13,

except for the deletion of measurements of the isothermal temperature

coefficient with D and C rod banks inserted and of the power coefficient.

A report on the North Anna 1, Cycle 2 startup program will be comp 1cted in

a timely manner and nade available to the NRC. Design calculations to sup-

ort the testing program and core operation will be performed with the models

documented in References 9, 10 and 14.
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3.0 Safety Evaluatton

3.1 General

This section provides an evaluation of the impact of the Cycle 2

reload core on the design basis and postulated incidents previously analyzed

in the FSAR. This impact, which is dicussed below, dces not adversely af-

fect the ability to safely operate the reactor at up to 100% of rated thermal

power during Cycle 2.

A reload core can typically af fect accident analysis input parameters

in three major areas: Kinetics characteristics, centrol rod worths. and

core peaking factors. The Cycle 2 reload core parameters in each of these

three areas were examined as discussed below to ascertain whether new ac-

cident analyses were required.

Kinetics Parmetern

A comparison of the values of the Cycle 2 kinetics parameters

with current 1imits is given in Tabic 3. Tbc delayed neutron fraction,

Doppler only power coefficient, Doppler temperature cocificient, and the

prompt neutron lifetime are all within the bounds of the current limits

for these parameters.

Control Rod Worth

Changes in control rod worths may affect the shutdown margin, the

mn f mu.T positive reactivity insertion rate, the trip reactivity and mag-

nitude of the rod worths assumec' in the safety analysis (i . e. , rod ejection).

As discussed in Section 2.5, the Cycle 2 reload core shutdown margin is

adequate. As shewn in Table 3, the m ximum positive reactivity insertion

rate from a suberitical condition c.ssociated with the withdrawal of two

RCCA control banks moving together in their highest worth region for Cycle 2

is less than the current limit value of 75 pcm/sec. Ejected rod worths

for Cycle 2 are within the bounds of the current limits, except for the

\?12 193
.



-
.

BOL hot zero pouer case. This case was reanalyzed, and the results of

tue ana. lysis are discuesed in Section 3.2. A revleu of all dropped UCCA

incidents shews that protection is provided by the MIS High Uegative Pate

Protection System as todified by Feference 15.

Cycle 2 has a trip reactivity insertion characteristic which differs

slightly f rom that used in the TSAR. The difference consists of a very

snall reduct-f on in trip reactivity insertion rate af ter the rods are in-

scrted at least 45 percent. The effects of this deviation have been evalu-

ated for those accidents which are potentially affected. For fast transients,

the ninitun D'mR is reach prior to 45% insertion of the rods. Slov transients

are re' cively insensitive to trip reactivity insertion rate and need be

investincted only for increases in total energy release from the fuel to

the coolant following a trip. This potential has been investigated, and

it has been shown t. hat these effects will not change the safety conclusions

of the rSAR. Therefore, ne reanalycin is required.

Core Peaking Facters

Core peaking f actors during postulated abncreal conditions influ-

ence the raxitun fuel rod centerline terperature, the naxinun heat f]ux and

the initial stored energy in the fuel.

Frequent axia] pcwer distribution w,nitoring will be maintained

in ccccrdance with the Technical Specifications (l) to ensure that the

limiti.- total peaking factors (F (Z)) obtained during Cycle 2 routine steadyq

Icad fe]1cv (Cendition I) operation do not exceed the total peakingstate W

factor lirits deliner.ted in the Technical Specifications.* The radial peak-

ing facter, fxy(Z),essociated with Condition I operation is predicted to ex-

ceed the current Fxy(Z) Technical Specificat ions linit. (See Section 4.2.2.2

of ~ ference 1). Consequently, a change to the Technical Specifications is
- - - - - - - - - -

*The basct for the current Technical Specifi ca t iont linit. on rg,is found in
Reference 36. Ecuever, a new LOCA-ECCS analysis is nou b.;ng perforned to
accorreacte nr.all percentages (e.g., up to 5%) of stean g(verator tube plegning.
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being proposed and is discussed in detail in Section 4.0.

For most postulated accident conditions, Cycle 2 peaking factors

N
were within previously analyzed limits. Iloweve r , the maximum F obtainedg

during the return to power portion of the hypothetical Main Steam Line

Break Accident is greater than that used in the FSAR. This accident was

reanalyzed, and the results of the reanalysis are discussed in Section c.2.

The peaking factors associated with the Rod Ejection Accident are within

current linits for the BOL and EOL hot full power cases, but the BOL and

EOL hot zero power ejected rod peaking facttrs exceed tn- previously analyzed

values. The cases have been reanalyzed and the reanalysis results are dis-

cussed in Section 3.2.

3.2 Incidents Reanalyzed

3.2.1 Control Rod Ejection Accident

The.Controi lod Ejection Accident analysis is affected by an increased

ej ected rod worth f or the BOL hot zero power case and by increased power

peaking factors for the BOL and EOL hot zero power cases. These tses

were reanalyzed. The hot spot fuel rod and system parameters do not exceed

the limiting criteria of the FSAR and Reference 17 for these cases. Therefore,

tN conclusions of the FSAR remain valid. Renaalysis assumptions for the

C:. rol Rod Ejection Accident are given in Table 4, and the results are

prs ented in Table 5.

3. 2. Main Steam Line break Accident

The hypothetical Main Steam Line Dreak accident (loss of offsite

power case) was reanalyzed due to an increase in the maxinum I obtained

during the return to power portion of the * ansient. A limiting statepoint

analysis was performed using a detailed react ivity feedback calculation

which was conservative for Cycle 2 but more realistic than that used in

the FSAR analysis. The results of the analysis (See Table 6) show that the

calculated mininun DNBR remains greater than 1.30. Thus, all safety criteria
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are met and the conclusions presented in the FSAR rcnain valid.

3.2.3 Cooldown Transients

The Excessive Heat Removal due to Feedwater Systen Malfunction

and Excessive Load Increase Trar.sients were reanalyzed as a result of the

calculated ninimum fuel temperatures for Cycle 2 being lower than those

used in the FSAR analyses. Initial conditons of power, temperature, pressure

and flow were consistent with the analyses presented in the FSAR. The

results are essentially the same as shown in the FSAR; the minimum DNBRs

remain greater than 1.3 for both accidents.

4.0 Technical Specifications

N4.1 Rod Bow Reduction in F AH

N
The current reductions being applied to F " * '"

AH

impact of fuel rod bow on core thermal margins are definFd in Section 3.2.3

of the Technical Specifications. fhe reductions are based on the DNBR

reduction au given in Reference 18, and are based on rod bow DNB tests in

which selected fuel rods (f orming a thimble cell) were bowed into contact.

However, recent data obtained and evaluated by Westinghouse indicate that

the appropriate reductions in DNHR (or FN) resulting from fuel rod bow
AH

durlag irradiation are significantly less than those currently being ac-

cc 10 sated in the Technical Specifications.

Uestinghouse has now determined, as documented in nof -ences 19,

20 ad 21, that Irradiation of a region of fuel up to 33,000 MWD /MTU

(tha nominal region average burnup) would result in channel closure of less

than 85% on a 95 x 95 basis. The limiting DNBR reductions associated with

85% channel closure tests are found to be 11.4% for North Anna fuel for full
'

flow operation, and 14% for N-1 loop operation and the Loss of Flow Transient
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(N-1 loop operation is not a consideration, since this mode of operation

is precluded by the North Anna Unft 1 Oper:alag License) .

This DNBR reduction can be partially offset by existing generic

thermal margin in the core design. The margins are delineated on page 14

of Reference 18, and for North Anna Units No. I and 2, provide thermal

car;; Ins of 9.1%. The remaining DNhR reductions for full flow operation

and for the Loss of Flow trsusient are shown in Table 7. The DNBR reduction

associated with full f1cw operation will be accommodated in the Technical

Specificatlunn through the region averaged burnup dcpendent reduction in

the F' limit shown in Figure R. As displayed in Figure 8, the generic

N
thermal margins discussed above otfset the DNBR (or Fgg) reduction until

region averaged burnops 01 26,500 MWD /MTU are attained. Above 26,500 MWD /MTU,

Fhreductionincreases linearly from zero to 1.3% at 33,000 MWD /MTtl.the

Eliminat ion of the additional DNUR penalty (2.6%) associated with

the Loss of Flow traralent is accomplished by taking partial credit for the

margin availabic (S.8%) in the limiting %alys ts described in Section 15.3.4

N
of Reference 3. Therefore, further reducition of the F limit is not required.gig

ByapplyingtheFfgreductionshowninFigure8,theeffectsof

feet rod how on DNCR will continue to be conservatively accommodated.

The proposed Technical Specifications change is provided in Attachment 2.

4.2 Fm,(Z) Limits,

The Technical Specifications currently define an upper limit on

xy(Z),of 1.55 for all unrodded core planes andthe radial peakind factor, F

1.71 for core planes containing Bank D control rods. (See Section 4.2.2.2

the Technica l Specit icat ions (I)) . Calculations for Cycle 2 have shownof

that limiting values of Fxy(Z) associated with Condition I operation will
exec.d this limit at some axial elevations. Therefore, the following re-

!vised ifmits are proposed:

I) Exy < 1.71 for all core plart s containing Fank D control rods,



.

2) Fxy 1 1.57 for all unrodded core planes above 8 ft. elevation,
and,

3) F i 1.65 for unrodded core planes 0 to 8 ft. elevation.,

These linits conservatively bound the Cycle 2 calculated values, and are
Tconsistent with the developnent of the heat flux hot channel factor, F (Z),

which nects the limit as discussed previously in Section 3.1.

The proposed Technical Specifications change is provided in Attach-

nent 2.

5.0 Conclusions

The Cycle 2 reload core vill not adversely af fect the safety of

North Anna Unit tio. I while achieving the requirernent for neminal energy

generation of approxinately 9400 MIm/ttrU and naxinun energy generation of

10,400 l'UD/KrU in a power ccastdoun rode of operation. This conclusion is

based on the development of a core loadina pattern which recta the reactivity

requirenents while maintaining most reactor safety and design parameters with-

in their cacrent limits. For those parameters thich are predicted to fall out-

side their current limits, the impact on safety has been evaluaten. This

eve' -fen '.tas supported by specific accident reanalyses. The results of

thc:c reanalyses were within appropriate limiting criteria and the conclusions

present2d in the FSAR are thus demonstrated to be valid for Cycle 2 operation,

subjcc: to incorporation of the proposed Technical Specifications changes dis-

cussed in Section 4.0.
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TABLE 1

CORE DESIGN PARAMETERS FOR
NORTil ANNA UNIT 1, CYCLE 2

Region 1 2_ 3, 4_

Enri chment 2.11 2.60 3.10 3.2
(w/o U235)

Density 94.43 9'+ . 5 3 94.50 95*
(% Theoretical)

Number of 1 52 52 52
Assemblics

Approximate ** 13800 18300 12000 0
liurnup at

Beginning of
Cycle 2

(FND/MTU)

Estimate of Max 23600 28300 23600 9500
Burnup at End
of Cycle 2**
(FMD/MTU)

MTU per Region 0.46 23.91 2?.92 24.25

*
Nominal

** Based on an end of Cycle 1 core average burnup of 15,900 FND/MTU and/or a
Cycle 2 core lifetime of 10400 FND/MTU.
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TABLE 2

SilUTDOWN REQUIREMENTS AND MARGINS
NORTil ANNA UNIT 1 - CYCLE 2

Control Rod Worth (%Ap) BOL EOL

All Rods Inserted 7.83 8.46

All Rods Inserted 1.ess Worst Stuck Rod 6.28 6.67

(1) Less 10% 5.65 6.01

Control Rod Requirements (%Ap)

Reactivity Defects (Combined Doppler,
Tavg, Void and Redistribution Ef fects) 1.87 2.97

Rod Insertion Allowance 0.50 0.50

(2) Total Requirements 2.37 3.47

Shutdown Margin (1)-(2) (%Ap) 3.28 2.54

Required Shutdown Margin (%Ap) 1.77 1.77
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TABLE 3

KINETICS CllARACTERISTICS

Current Limit Cycle 2

Moderator Temperature
Coe f ficient (pcm/ F) * 0. 0 to -43 -0. 7 to -34

Most Negative Doppler Temperature -2.2 -2.2

Coefficient (pcm/ F)

Least Negative Doppler - Only
Power Coef ficient, Zero to
Full Power (pcm/% power) -10.3 to -6.67 -11.97 to -8.18

(llZP) (llFP) (llZP) (liFP)

Most Negative Doppler - Only
Power Coefficient Zero to
Full Power (pcm/% power) -19.4 to -12.8 -12.24 to -8.48

(llZP) (liFP) (llZP) (IIFP)

Delayed Neutron Fraction
Seff (%)

0.44 to 0.75 0.52 to 0.60
(EOL) (BOL) (EOL) (BOL)

Maximum Prompt Neutron Lifetime 26 17
(p sec)

Maxi =ur Positive Reactivity Insertion
Rate From Suberitical
(pc:/sec.) 75 61
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TABLE 4

REANALYSIS ASSlJMPTION FOR
Tile ROD CLUSTER CONTROL ASSEMBLY EJECTION ACCIDENT

110T ZERO POWER CASES

Time in Life BOL EOL

Current Previous Current Previous
Analysis Analysis Analysis Analysis

Power Level, % 0 0 0 0

Ejected Rod Worth, 0.878 0.785 0.98 0.98
%Ak

Delayed Neotron 0.52 0.52 0.44 0.44
Fraction %

Feedback Reactivity 2.725 2.40 4.50 3.55
Weighting

Trip Reactivity, %Ak 2.0 2.0 2.0 2.0

F af ter rod ejection 16.07 13.0 19.2 18.7q
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TABLE 5

REANALYSIS RESULTS FOR Tile ROD
CLUSTER CONTROL ASSEMBLY EJECTION ACCIDENT

110T ZE"O POWER CASES

Analysis Results Design Limit

Time In Life BOL EOL
Maximum Fuel Pellet
Average Temperature 3654 3772 -

Maximum Fuel Centerline 4271 4381 -

Temperature, F

Maximum Clad Average 2672 2677 2700
Tempe ra t u re , F

Maximum Fuel Enthalpy 157 145 200
(Cal /gm)

Fuel Pellet Melting, % <10 <10 10
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TABLE 6

MAIN STEAM LINE BREAK RESULTS
INSIDE BREAK LOSS OF OFFSITE POWER CASE (D)

Parameter Previous Analysis Cycle 2

Peak Core Average Power, % 13.70 6.92

Reactor Inlet Temp., Failed Loop, F 310.8 310.8

Reactor Inlet Temp., Intact Loops, F 521.2 521.2

Reactor Coolant Pressure, psia 913.8 913.8

Reactor Coolant Flow, % of Nominal 22.1 22.1

Minimum DNBR >1.3 >1.3
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TABLE 7

REDUCTIGI IN DNBR RESULTING FROf4 EVEL |tOD BOW

Full Flow N-1 Loop and
Operation Loss of Flow Transient

Maximum DNBR Penalty for 85% Closure 11.4% 14.0%

Generic Thermal Margin 9.1% 9.1%

Net DNBR Penalty for 85% Closure 2.3% 4.9%

DNBR Differential For Loss of Flow Transient 2.6%

,

* North Anna 1 and 2 are currently using Westinghouse 17 x 17 fuel assemblies
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FIGURE 1.

.

NORTil ANNA UNIT 1, CYCLE 2 LOADING PAT 1. C2

*
.

*

.

*

.

.

~

.

OR no 10 11 19 19 14 15

1 3 2 3 2 3 12 2 4

(H13) -
.

11 M12 R09 N10 H15 M11 J15 L12 FRESH

13405 8643 16045 11038 16418 8643 16418 0

'

3 2 3 2 3 2 4 16 4

(J14)
R09 UO8 M13 J12 K14 J10 FRESilJ FESH

8643 i 17885 9867 18290 12979 19006 0 1 0

2 3 2 3 3 2 4

N10 N12 K13 ' L14 L13 K11 FRESH
K

16045 9867 16045 8956 14859 18517 0
,,

3 2 3 2 3 4 16 4
.

R08 M09 P11 J08 J14
FRE FRESil,

11038 18290 8956 18653 15221 0 0

I 2 42 3 3 3 '

M M11 P10 N11 P09 LOS FRESH Batch #F/A ti 35
16418 12979 14859 15221 18474 0

3 12 2 2 4 16 4 2' 52 2.6
(505) (N10) 3 52 3.1'

N J15 K09 L10 FRESH FRESH 4 52 3.2

8643 19006 18517 0 0 304 Depleted BP Rods

2 4 16 4 4
P (P09) .

FRESH FRESH FRESli
16418 0 0 0

4 4
BATCil - -No. Depleted BP Rods

3 FRESH FySH- BPRA Previouc, Cycle Location-

0 0 -- --F/A Previous Cycle Location
BOC2 Burnup (IMD/NEU)

.
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CONTROL ..0D, BURNABLE FOISON, AND SOURCE ASSDiBLY'-
,

LUCATIONS FOR NORT!! ANNA UNIT 1, CYCLE 2
..

.' R P N M ,L K J *H 'O F E D C B A

.
.

.
-- .

PS.

R 16 R 16 R
7,

SS
'

,

R R ls .

12.

"|

'
-

R R FSS R R~

16 R R 16*

R R R R R R R

.

16 R
'

R R R 16

.

R 12 R R 12 R

16 N R R R 16
-

.

.

R R R R R R .R
.

.

16 R R 16

North -

R R FSS R R

SS

16 R 12 R 16

R 16 R R

.

*

x - Number of Depicte.! Burnable Poison Rods
PS - Pricary Source Location

.

SS - Secondary Source Location
FSS - Fresh Secondary Source

R - Rod Cluster Control. Assercbly
.
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1.160 0.968

1.240 1.006
.

0.996 1.158 1.027
'

1.046 1.262 1.093

1.105 0.964 1.189 0.959* -

*1.174 1.031 1.286 1.037
1

0.963 1.078 1.098 1.049 0.784

1.022 1.149 1.153 1.162 0.881

1.141 0.955 0.9'.9 1.171 0.713

1.231 1.034 1.016 1.310 1.092

.

1.003 1.220 1.031 0.720
~

1.068 1.342 1.305 1.141

0.892 0.720
- ,.asembly Average Relative Power'

.

1.171 1.133
--Peak Pin-

* Based on a cycle 1 length of 15,500 tr.m/MTU. 2 210
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FIGURE (4
'
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IIFP, D-BANK IN,.BOC RADIAL POWER DISTRIBUTION FOR
*

NORTil ANNA UNIT 1, CYCLE 2 *
.
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.
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0.951-

1.189 0.948

1.263 1.005
.

1.001 1.055 0.567

1.055 1.152 0.848
._

1,140 0.960 1.136 1.010 .*

.

1.228 1.036 1.323 1.076-
.

'

{

0.997 1.132 1.196 1.203 0.940

1.055 1.219 1.300 1.341 1.041
.

-

1.028 0.945 1.050 1.374 0.869

1.025 1.022 1.157 1.529 1.317

0.503 1.064 1.097 0.839
.

0, 775 1.238 1.367 1.314

0.657 0.597
-----Assembly Average Relative Power---

. .

0.833 0.925 -----Peak Pin---

.

2* Based on a cycle 1 length of 15,500 m'D/MTU. .
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FIGURE 5 .
.,

. IIFP, ARO RADIAL POWER DISTRIBUTION FOR
NORTil ANNA UNIT 1, CYCLE 2 AT 9600 FND/1-rru *-
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.

*
0.987 -

.

1.002.

r

1.194 1.031

1.250 1.060
.

.

.

1.050 1.178 1.058

1.088 1.250 1.103
Jl _-.. ,

'

1.143 1.0 16 1.182 0.994 -

'

1.201 1.063 1.246 1.053
<

~

1.013 1.104 1.098 1.051 0.831

1.052 1.158 1.134 1.122 0.929

fl
-

1.123 0.969 C.950 1.101 0.733 -

1.177 1.016 1.005 1.209 1.061
L_

-

0.964 1.129 0.962 0.703
.

1.027 1.222 1.186 1.063

0.849 0.697
---Assembly Average Relative Power

~

1.092 1.047 ---Peak Pin

__
,

Based on a cycle 1 length of 15,500 inm/MTU. I272 212*
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FIGURE 6 .
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'

IlFP, D-BANR IN RADIAL POWER DISTRIBUTION FOR
NORTil ANNA UNIT 1, CYCLE 2 AT 9600 MWD /MTU*

.

.
.

e
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1.037 ,

,

-

1.055

1.231
1.014

1.278
1.075 .

.

.

1.061 1.076 0.561

1.103 1.177 0.853
.

-

1.186 1.016 1.124 1.045*

1.265 1.083 1.283 1.105'

-
-

1.057 1.166 l'.197 1.204 0.992-

1.108 1.229 1.272 1.29? 1.093 ,

'

1.022 0.966 1.050 1.289 0.888

1.099 1.052 1.138 1.406 1.267
(

,

0.463 0.982 1.023 0.816
.

*

0.740 1.164 1.258 1.213
.__ _

0.617 0.575
-----Assembly Average Relative Power----

0.'756 0.845 , ----Peak Pin
~

----

".

* Based on a cycle 1 length of 15,500 inID/MTU.
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POWER DISTRIBUTION LIMITS

SURVEILLANCE REQUIREMENTS (Continued)

b) At least once per 31 EFPD, whichever occurs first.

2. When the F is less than or equal to the F limit for

the appropriate measured core plane, additional povar dis-

tribution maps shall be taken and F f compared to FRTP andx
F7.,at least once per 31 EFPD.

e. The F limits for RATED THERMAL POWER within specific core
planes shall be:

RTP
1. F 11.71 for all core planes containing bank "D" control

rods,

2. F 1 1.65 for all unroddad core planes from 0 to 65% of
core height, and

3. F --< 1.57 for unrodded core planes above 65% of core height.
XY

f. The F limits of e, above, are not applicable in the following
core plane regicas as measured in percent of core telght from the
botton of the fuel:

1. Lower core region from 0 to 15%, inclusive.

2. Upper core region from 85 to 100%, inclusive.

3. Grid plane regions at 17.8 1 2%, 32.1 1 2%, 46.4 1 2%,
60.6 + 2% and 74.9 + 2%, inclusive (17 x 17 fuel elements).

4. Core plane regions within i 2% of core height (i 2.88 inches)
about the bank demand position of the bank "D'|

Lg. With F exceeding FXY, the effects of F on F (Z) shall beXY xy Q
evaluated to determine if F (Z) is within its limit.q

4.2.2.3 When F (Z) is measured for other than F determination, an over-
Q XY

all measured F (Z) shall be obtained from a power distribution map and in-
creased by 3% gto account for manufacturing tolerances and further increased
by 5% to account for measurecent uncertainty.

NORTH AMNA - UNIT 1 3/4 2-7
7

,



. . . . . _ _ _ . . . . _ _ _ _ _ . . . _ . _ . . . _ _ . . . . . _ . . . . . _ _ .

, e e n -

i

.

..

2
o
;c

$ .06
. .,

. .' .. . , .! ... ..k i.;. .:h - . .8 .. . . -
ih I_ .'}

-.

7 ,. . .e

p
._ _}.. . 1_ . _ _ }. . _. - _

;j,
',! '||, l' l' j;' '''

_.7
'. ' ,

i |

?
I | -..-. ..[l . .". .i.,.

g
.

C2 , , ,
.

.

. .. .. -. .

,

; ''i>-4 i

.05 - ._ ._.4. _ . . _. . .. { . _ .. _

....
;;4

d : , n . . i.

7..
_. .. . .. .. . . . _ . r' .

.!j
. . .: .! t 'l .. ..i,

,I, ,

I ..*"*
.. - . . . . . ,. .

-H, ii. '' |' '
. ,. ,,

.h n: ;f -|i- p n; : 1- | .

:. a. (!. ,

,!2-
, , , ,

. .
. . . . .. . . . .. . , _ ._ .1 , ..

i:- .i
-

,
'

,,

*04
~~ ~ ' ' ~ -' ~ ' - ' - -

!. h .!!
i
_.. ii. _:!. .. .

, ' ._i<
... ..i.. . . .. .. - . . . . . . . ._.. _. ,. . . .

3 i.t. ;|.
!

; a , ,.
,

,

j ij. 1 : o, ! 'i
n. _a.. - . . . ., .. ._. __ . . .._ __

.I.
.u au, -)a_'

*
, , , ,

a..
j:' ;" ! i .

. . _ .. -.
-

:; us ,

p, | ;
,

.03 -}-- -{-
-

-+

,w
,~ , _ ._. . .. . .._,_

, ,
,

, ,

to -
-- - a; - i,i :

.'I. 1

4i- .I ! . ilif; $ ,' !..
.

I,-
,

| '

g ,f ... ',!g*.'
|

'

ll

1r ';
-;,... _ .. . . .. _. .. ._ . - .. -- . .r -..: -

.,!! ', : ,gjji .;; 'l'' ' ' ; :e ', ;,

.02 .

, ,1 ,o -
n

. . . . i .. .1 -.r .
. :

, , _... t '-

.

1 i

I
j . ! -. ._.. . ' ' '

(33.0, 0.013)_ , _ .

i i I
i '

~ '

}. - . . .. . . - - +. ... -. .- -. L .- /-. _ .. _. . .i..

01 - 1---
- - - - -- ~ ~~ ^ ~ ' ' ' * t* ~ ~ ~ ~ ~ ~~ ~ ~~ ''

,..

:

.g ._ - . . _' .

>- i ,; ,.
.

,_, . _.. . . _. ,

,,
t t

N . _ . _ _ _ . . - -
_

N
N

._ _. _ . .
2 (26.5, 0.0) :"

0.0
N 0.0 5 10 15 20 25 30 35
-

CO Region Average Burnup (1000 WD/ftTU)

Figure 3.2-3 Rod Bow Penalty Fraction Versus Region Average Burnup

_ _ _ _ _ . . . ._ . . _ _ _ _ _ .


