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1. INTRODUCTION

This report justifies operation of the Oconee Nuclear Station, Unit 1, cycle 5
at a rated core power of 2568 MWt. The required analyses are included as out-
lined in the USNRC document, "Guidance for Proposed License Amendments Relat-
ing to Refueling,” June 1975. This report uses the analvtical cechniques and
design bases documented in several reports that have been submitted to and
approved by the USNRC.

Cycle 5 reactor and fuel parameters related to power capavility are summarized
in this report and compared to those of cycle 4. All accidents analyzed in
the Oconee FSAR have been reviewed for cvcle 5 operation; a detailed compar-
1son of cvele 5 characteristics to the FSAR analvses showed that no new anal-

vses were necessary since cycle 5> parameters are conserviative.

"he Technical Specifications have been reviewed and modified where required
for cvcle 5 operation. Based on the analyses performed and taking into ac=-
count the ECCS Final Acceptance Criteria and postulated fu«! densification
etfects, it is concluded that Oconee 1, cycle 5 can be safely operated at its

licensed core power level of 2568 MWt.

Five tuel assemblies from batch 4 will be irradiated for a fourth cycle as
part of a joint Duke Power/BSW/Dept. of Energy program to demonsirate reliable
fuel pertormance at extended burnups and to obtain post-irradiation data.

These asseablies will not adversely affect cycle 5 operation.

Yed Babcock & Wilcox



2. OPERATING HISTORY

The reference cycle “or the nuclear and thermal-hydraulic analyses of Oconee
1, cvcle 5 is the currently operating cycle 4. This cvcle 5 design is based
on a planned cycle & length of 235 EFPD rather than the design length of 292
£FPD.

Cvele 5 will operate in a feed-and-bleed mode for its entire design lengih of
330 ¥FPD. Initial cscle 4 operation was in a rodded mode. However, a quad-
rant power tilt was Zetected during cyvcle & power escalation’, and the mode of
operat ion was converted to feel and-bleed to provide a larger margin for cy-
cle & upcrdtinn.: The shuffle pattern for cycle 5 was designed to minimize
the cffects of anv power tilts present in cvcle 4. No control rod interchange

is planred vuring cvcle 5.

33 Babcock & Wilcox



3. GENERAL DESCRIPTION

The Oconee Unit 1 reactor core and fuel design basis are described in detail
in section 3 of tne Final Safety Analysis Report3 for Oconee Nuclear Station,
Unit 1. The cycle 5 core contains 177 fuel assemblies, each of which is a 15
by 15 array containing 208 fuel rods, 16 control rod guide tubes, and one in-
core instrument guide tube. The fuel consists of dished-end, cylindrical pel-
levs of uranium dioxide clad in cold-worked Zircaloy-4. The fuel asscmblies
in all batches have an average cominal fuel loading of 463.6 kg of uranium.
The undensified nominal active fuel lengths, theoretical densities, fuel and

fuel rod dimensions, and other related fuel parameters are given in Tables
4-1 and 4&-2.

Figure 3-! is the core loading diagram for Oconee 1, cycle 5. The initial en-
richment of the fresh batch 7 fuel is 3.02 wt 2 23°1, The remaining batches
WD, 5, and 6 were initially enriched to 3.20, 2.75, and 2.795 wt % =35, re-
spectively. Al1l the batch 4A and all but five batch 4B assemblies wiil be
discharged at the end of cycle 4. The five remaining batch 4B assemblies will
be retained in cycle 5 and are redesignated as batch 4D. The batch 4D, 5, and
6 assemblies will be shuffled to new locations at the beginning of cyvcle 5.
The fresh batch 7 assemblies will occupy the periphery of the core and eight
interior locations. Figure 3-2 is an eighth-core map showing the assembly

burnup and enrichoent distribution at the beginning of cycle 5.

Reactivity is controlled by 61 full-length Ag-In-Cd control rods and by solu-
ble boron shim. In addition to the full-leagth control rods, eight axial
power shaping rods are provided for additicnal control of the axial power dis-
tribution. The cycle 5 locaticns of the 69 control rods and the group desig-
nations are indicated in Figure 3-3. The core locations of the total pattern
(69 control rods) for cycle 5 are identical to those of the reference cycle
indicated in the Oconee 1, cycle 4 reload teport.“ The group designations,
however, differ between cvcle 5 and the reference cycle in order to minimize
power peaking. Neither control rod interchange nor burnable poison rods are

necessary for cvecle 5.

3-1 Babcock & Wiicox
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Figure 3-2.

Enrichment and Burnup Distribution for Oconee 1,

Cycle 5
3 9 10 11 12 13 14 15
3.20 .75 - Oy L 3.20 3.02 2.75 2.79 3.02
28,479 20,488 16,053} 31,135 0 15,903 5,889 0
3.02 2.75 2.79 2079 2.79 2.75 3.02
0 14,270 5,138 19,206 8,537 16, 345 0
2.75 2.79 2.79 2.75 3.02 3.02
17,336 5,853 8,262 15,846 0 0
2.75 2.79 2.75 3.02
17,341 5,011 18,348 0
2.79 2.79 3.02
5,846 7,092 0
3.02
0
%K% Initial Enrichment
XXX X BOC Burnup, MWd/mtU
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4. FUEL SYSTEM DESIGN

.1. Fuel Assembly Mechanical Design

The types of fuel assemblies aru pertinent fuel design parameter< and dimen-
sions for Oconee 1, cycle 5 cre listed in Table 4-1. All fue! assemblies are
-dentical in concept and are mechanicaily interchangeable. A.l result., ref-
erences, and identified conservatisms presented in sectica 4.1 of the Oconee

ty cycle 4 reload report™ are applicable to the cvcle 5 relcad core.

Flve batch 4D Mark-B3 assemblies are remaining in the core for sheir fourth
cvele of irradiation and will .xperience burnups up to approxiczately 41,000
Y4d/mtl as part of a joint Dvke Power/P&wW/Dept. of Energy progras Lo demon-
strate extended burnup feasibility in LWRs. The Mark-3 fuel as bl'y wechan-~
ical design will maintain fte ztructural integrity with thrse buruups. Anal-
“es of post-irradiation exazination (PIE) cdata from two cycles ¢ operation
in the Lceonee 1 reactor show that all parameters measured indicizte that ex-
tended operation is quite feasible. The parameters investigates include fuel
rod and assembly growth, {uel swelling, and holddown spring force. The ‘n-
tendec peak burnups of batch 4D fuel are within the original mechanical peak
aesign limits reported in the Oconee FSAR.’ Design parameters can be affected
by burnup, effective full power tire, or calendar residence time. Those param~
eters affected most by the amount of irradiation are fuel rod a=d assenbly
growtih and fuel swelling. Since burnup is within conservative design limits,
growth will be acceptable. Section 4.2.3 discusses fuel swelling as it relates
to cladding strain. The holddown spring force is affected by residence time
as well as burnup. Evaluation of the PIE data indicates that tze holddown

spring will meet performance requirements through the fourth (ycle of irradia-
el .

&=} dabcock & Wilcox



<.2.  Fuel R0d Design

.y 2.1, Claldding Col’ apse

(reep collapse analyses vere performed for taree-cvcle assemblyv power histo-
ries 2% well as for batch 4n's four-cycle assezbly power nistories. For cv-
cle 5. the batch 5 fuel is more limiting taan all other batches except for 2D
Secause of its previous incore exposure tize. The batch > and 4D assembly
nower nistories were analvzed, and the most limiting asse=blv from each bateh
was deternined.
The power histories tor the most limiting assecablies were used to calculate
she fast asutreoa flux level for the energy range above 1 MeV. The collapse
s ime for the most limiting assembly from each batch was conservatively deter-
~ined to be more than 30,000 effective full-power hours (5FPH), which is
lmpger than the maxinum projected batch 5 residence time of 21,456 EFPH (three
le< 1 ind the maxinum projected batch 4D residence tice of 28,469 EFPH (four
cveles). The creep collapse analvses were serformed based ca the conditions

ot forth in references 4 and 5.

..2.2. Cladding Stress

o Oconce 1 stress parameters are envelcped by a conservative fuel rod stress
inalysis. Since worst-case stress conditions are ar BOL, the batch 4D fuel is
11so Bounded by the fuel rod stress analysis. For design evaluation, the pri-

iry semhrane stress must be less than two-thirds of the aicizum specified ua-
irradisted vield strength, and all stresses (rrimary and secondary) must be
‘o than the minimea specified unirradiated vield strength. The margin is ia
cxcess of 300 in all cases. With respect to Jdconee 1 fuel, the following con-=

corv tisms were used in the analysis:

1. Low post-densification internal pressure.
2. low initial pellet densitv.
3. High system pressure.

4. High thermal gradient across the claddinzs.

The stresses reported in reference 6 for core 1 fuel represent coanservative

values with respect to the cycle 5 core.

«.2.3. Cladding Strain

e fuel design crit ria specify a limit of 1.0% on cladding circumferential

plastic strain. The pellet design is estadlished for plastic cladding strain

4=2 Babcock & Wilcox



of less than 13 at maximum design local peliet burnup (55,300 MWd/mtl) and

heat generation rate (20.15 kW/ft) values that are higher than the values the
Oconee ] fuel is expected to see, including batch 4D. The strain analvsis is
2150 based oa the maximum Specification value for the fuel pellet diazeter and

density and the lowest permitted Specification tolerance ior the cladding ID.

4.3. Thermal Design

All fuel assemblies in this core are thermally similar. The fresh batch 7
fuel inserted for cycle 5 operation introduces no significant differences in
fuel thermal performance relative to the other fuel remaining in the core.
The design minimum linear heat rate (LHK) capacity and the average Iuei temp-
erature tor each batch in cycle 5 are shown in Table 4-2. LHR capabilities
are based on centerline fuel melc and were established using the TAFY-3 code’
with fuel densification to 96.5% of theorectical density. The five batch 4D
fuel assemblies have an EOC burnup ef about 41,000 Mwd/mtlU. The EOL zaximum
pin pressure (or these assemblies is well below the system pressure of 2200
psia.

’

4.%. Material Design

The batch 7 fuel assemblies are not new in concept, nor do thev utilize dif-
terent component saterials. Therefore, the chemical compatibility of all pos-
sible fuel-claddirg-coolant-assembly interactions for the batch 7 fueli as-

semblies are identical to those of the present fuel.

.5,  Operatirg Experience
22 YPEIaLihS . CAPDETACnCe

'.

Babcoeck & Wilcox coperating experience with the Mark-B, 15 by 15 tuel assembly
has verified the adequacy of its design. As of February 23, 1978, the exper-
ience described below has been accumulated for the eight cperating B&Ww 177-
fuel assembly plants using the Mark-B fuel assembly. In addition, Three Mile
Island Unit 2 achieved initial criticality on March 28, 1978, and is currently

in the startup testing phase that precedes commercial operation.

Max assembly

Cunmulative
|
Current byroup, Jd/mel net elect.
Reactor cvele Incore Disch. output, mWh "
s

Oconee 1 4 27,200 25,300 20,385,249
Oconce 2 3 26,700 26,800 15,248,595
Oconee 3 3 27,140 27,200 16,182,8.3

- Babcock & Wilcox



Re. tor

™i-1

ANO-1

Rancho Seco
Crvstal River 3

Davis-Besse 1

Table 4-1.

Max assemblv
Surnup, Mad/mtl

Cumulative

FA type

Na. ot FAs

Fucl rod 0L, in.
ruel rod 1D, in.
Tlex. spacers, type
Rigid spacers, type

Undensif active fuel
tenstn (nom), in.

Fuel pellet initial
density (nom), 2 TD

Furl pellet 0D (mean
specif), in.

Initial fuel ¢é rich.,
we = 2%
Mivd /me il

Cladding collapn
time, EFPH

80C burnup (avg).\5

tstimated residence:
time (max), ZFPH

Current net elect,
cvele Incore Disch. output, mwh
3 31,720 25,860 18,430,506
- 5 28,290 17,650 14,575,320
- 22,19 17,170 10,297,637
1 10,430 - 4,936,412
1 2,490 - 1,009,741
Fuel Design Parameters atd Dimensions
Thrice- Twice~- Once~-
hurned burned burned Fresh
FAs, FAs, FAs, FAs,
Batch 4D Batch 5 Batch 6 Batch 7
Mark-83 Mark-B4 Mark-B4 Mark-B4
5 60 56 56
0.430 0.430 0.430 0.430
0.377 0.377 0.377 0.377
Spring Spring Spring Spring
Zr=4 Zr-4 Zr~4 Zr-4
142.0 142.6 142.25 142.2
~94.5 93.5 94.0 94.0
0.3685 0.3700 0.3695 0.3695
N 3.20 r 3 . ° 2.79 3.02
30,604 17,011 6,539 0
>30,000 >30,000 >30,000 >30,000
28,469 21,456 22,440 26,496
oy Babcock & Wilcox



Table 4-2. Fuel! Thermal Analvsis Parameters

Batch

LD(‘) s(a.‘ i 6(a) ;
No. of assemblies 5 60 56 56
Nominal pellet density, 7 7D 95.5 93.5 94.0 9s.0
Pellet diameter, in. 0. 3685 0.3700 0. 3695 0. 3695
Stack height, in. 151.0®) 14206 142.25  122.25
Densitied Fuel Paraneters(c)
Pellet diameter, in. 0. 3640 0. 364> 0.3646 0.3646
Fuei stack height, in. 140,30 140,46 140,47 150,47
Nominal LHR at 2568 Mwt, kWw/ft 5.80 5.80 5.80 5.80
Avg fuel temp at nominal LER, F 1320 1320 1320 1320
LHR to G fuel melt, kW/ft 20.15 20.15 20.15 20.15

(a)
(b)
(c)

Data from reference 4.
Conservative calculational parameter.
Densification to 96.5 TD assumed.

4-5 Babcock & Wilcox
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5. NUCLEAR DESIGN

5.1. Physics Characteristics

fable 5-1 compares the core physics parameters of design cvcle 5 with those

of rererence cycle 4. The values for both cycles were generated using PDQO7.
The average cycle burnup will be higher in cyvcle 5 than Iin the design cvcle 4
because of the longer cycle 5 length. Figure 5-1 illustrates a representative
telative power distribution for the beginning of cycle 5 at full power with
equilibrium xenon and normal rod positions.

ine critical boron concentrations for cycle 5 are comp.rable to those of the
desige cvole 4. The control rod worths for hot full power differ between cv-
cles dJdue to chances in group designations as well as changes in radial flux
distributions and isotcpics. The ejected rod worths in Tadle 5-1 are the max-~
imum caiculared values within the allowable rod insertica limits. Calculated
ejvctued rod worths and their adherence to criteria are considered at all times
in lite and at all power levels in the development of the rod position limits
presented in scction 8. The maximum stuck rod worth for cvcle 5 is greater
than that tor the design cycle 4 at BOC and approximately the same at EOC.

\ll satetv (riteria associated with thoese worths die @ei. The adequacy oi the
shiutdown margin with cvele 5 stuck rod worths is demonstrated in Table 5-2.

The rollowing conservatisms were applied for the shutdown calculations:

i. Poison material depleticn allowance.
2. 10% uncertainty on net rod worth.

3. Flux redistribution penalty.

Flux redistribution was accounted for since the shutdown analysis was calcu-
lated using a two-dimensional model. The reference fuel cvcle shutdown mar-

gin is presented in the Oconee 1, cycle 4 reload report.™

The cycle 5 power deficits from hot zero power to hot full power differ from
those for the design cyvcle 4 because of the longer cycle 5 design length.

The differential boron worths and total xenon worths for cvcle 5 are greater

=i Babcock & Wilcox



than or equal to those for the design cvcle 4 because of fuel depletion and
the associated buildup of fission products. Effective delayed neutron frac-
tions tor both cveles show a decrease with burnup.

»

5.2. Analytical Input

The cvele 5 incore measurement calculation constants to be used for computing

core power distributions were prepared in the same manner as those for the

reterence cvele.

5.3. Changes in Nuclear Design

There were no relevant changes in core design between the reference and re-
load cveles. The same calculational methods and design information were used
to obtain the important nuclear design parameters. The only significant oper-
ational procedure change from the reference cycle is the operation in a feed-
and=hleed mode. The reference cvcle began operation in the rodded mode but
was subsequently modified for operation in the feed-and-bleed mode. There-
fore, since nearlv the entire reference cycle 4 was cperated in the feed-and-

Lleved mode, tnis is not actuallv a new mode of operation.

(a)

Tanle 5-1. Ocounee 1, Cycle 5 Physics Parameters

Cycle &(b) Cvcle S(C)

Cycle length, EFPD 292 330
Coele burnup, MWd/mel 9,136 10,327
wwerage core burnup, EOC, MWd/mtU 19,034 19,027
Initial core loading, mtU 82.1 82.1
Critical boron, BOC (no Xe}. ppa

ZP, group 8 37.5% wdld 1415 1458

HZP, groups 7 and 8 inseri.d 1335 1324

HeP, 2roup 8 inserted 1145 1276
Critical boron, EOC (eq Xe), ppm

HZP, group 8 37.57 wd 373 343

HFP, group 8 37.5% wd 88 44
Control rod worths, HFP, BOC, % Ak/k

Group 6 1.07 1:33

Group 7 0.93 1.45

Group 8 37.5% wd 0.50 0.43
Control rod worths, HFP, EOC, X 2k/k

Group 7 1.16 }.53

Group 8 37.5% wd 0.47 0.48

5.3 Babcock & Wilcox



Table 5<1. (Cent'd)

Cycle A(b) Cycle S(c)
. 3 (e)

Max ejected rod worth, HZP, % Ak/k

BOC (N-12) 0.68 0.57

EOC (N-12) 0.61 0.70
Max stuck rod worth, HZP, X ik/k

BOC (N-12) 1.74 2.17

EOC (N-12) 2.02 2.01
Power deficit, HZP to HFP, % Ak/k

BOC 1.49 131

EuC 2.07 312
Doppler coeff, 10™*(Ak/%-"F)

BCC, 100% power, no Xe -1.45 -1.45

ECC, 100X power, eq Xe -1.55 -1.62
Moderator coeff, HFP, 10~“(&k/k-°F)

BOC (0 Xe, crit ppa, gp 8 ins) -1.00 -0.45

EOC (eq Xe, 17 pgm, gp 8 ins) -2.55 -2.64
Boron worth, HFP, ppm/i Ak/k

BOC (1150 ppm) 109 109

EOC (17 ppm) 101 97
Yeron worth, HFP, % lk/k

BOL (4 EFPD) 2.60 2.62

EOC (equilibrium) 2.61 2.73
Eff delayed neutron fraction, HFP

8oC 0.00593 0.00593

EOC 0.00530 0.00521

(a)Cycle 5 data are for the conditions stated in this repor:.

The cycle & core conditions are identified in reference <.

(b)

Pused on 292 EFPD at 2568 Hwt, cycle 3.
(c)

Cycle 5 data are based on a "planned" cycle 4 length of
235 EFPD; the cycle 4 "design" lifetime is 292 EFPD.

HZP denotes hot zero power (532F T,u.), HFP denotes hot
full power (579F Ta0).

(d)

(e)Ejectcd rod worth for groups 5 through 8 inserted.

5-3 Babcock & Wilcox



Table 5-2. Shutdown Margin Calculatien
for Oconee 1, Cycle 5

BOC, % ‘k/k EOC, % Ak/k

Available rod worth

Total rod worth, HZF 8.91 8.79

Worth reduction due to burnup -0.36 -0.42

of poison material

MaxirTum stuck rod, HZP -2.17 -2.01

Net worth A 38 6.36

Less 10% uncertainty -0.64 =0.64

Total available worth 5.74 5.72
e~ fred rod worth

Power deficit, HFP to HZP 1.31 3:12

Max allowable inserted rod 0.40 0.60

wortn

¥lux redistribution 0.59 1.20

Total required worth 2.30 3.92
Shutdewn margin (tetal available 3.44 1.80

worth minus total required worth)

Note: Required shutdown margin is 1.00% Ak/k.
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Figure 5-1.

Distribution — Full Power, Equilibrium Xenon,

“%ormal Rod Positions (Croup 8 Inserted)

BOC (4 EFPD), Cycle 5 Two-Dimensional Relative Power

= 9 10 11 12 13 14 13
0.83 0.93 0.96 0.50 .37 1.03 1.09 0.87
1.35 1.07 2 s 0.98 1.09 0.93 0.83
\ &
1.05 1.25 i.03 0.95 1.15 .67
1.09 .23 0.89 0.91
1.21 0.94 0.61
0.70
i\\<¥ inserted Rod Group No.
R XK Relative Power Density
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€. THERMAL-HYDRALUTIC DESICN

The thermal-hydraulic design e¢valuation susporting cvcle 5 operation utilized
the ~ethods and models described in references 3, 4, and 6. The fresh batch
7 fuel is hydraulically and geometrically similar te batch 6 fuel. The cycle
4 and 5 maximum design conditions and significant parameters are shown in Ta-
bie 6-1. The minimum DNSR shown at the desigr. overpcower is unchanged for cy-

¢le 5 and is based on 106.5% of RC design flow and on the Mark-B4 fuel assem-

bly and includes the effects of incore fuel densification.

The poteutial effect of fuel rod bow on DNBR was considered by incorporating
suitable margins into DNB-limited core safety limits and RPS setpoints. The

mixisum rod bow was calculated from the equation

= 0.065 + 0.001449/BU

4LC = rod bow magnicude, mils,
initial gap (138 mils),

BU = maximum assemblv burnup, Mad/mtU.

O
=
"

The fuel cyele design calculations show that the maximum radial-local peak
during cvele 5 is always located in the batch 7 fuel assembly with the maxizua
burnup. This maximum peak (1.527) is 17% below the 1.78 reference design peak.
Since this fuel assembly is limiting for DNBR analysis, the rod bow penaliy
associasted with batch 7 is applied to cycle 5 operation. This method for cal-
culating the maximum core rod bow penalty has been reviewed and approved for
acceptability by the USNRC.® The Oconee 1. cycle 5 calculated rod bow penalty
is 8.0, based on the maximum burnup in batch 7, 13,6467 MWd/atU. No credit :Is
claimed for the difference between calculated cycle 5 peaking and the refer-
ence design peaking used for the analysis. An 11.2% rod bow penalty is con-
servatively applied to all analyses that define plant operating limits and to

design transients.
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Fnthalpy ; : 1.011

leat flux i 1.014

Flow area 0.98

DNBR with densif'n penalty ‘ 1.91
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7. ACCILENT AND TRANSIENT ANALYSIS

7.i. General Safety Analysis

Each FSAR® accident analysis has been exanined with respect to chanzes in cv=-
cle 5 parameters to determine the effect of the cycle 5 reload and to ensure

that thermal performance during hypothetical transients i1s not degraded.

The eifects of fuel densification on the FSAR accident results have been eval-
uvated and are reported in reference §. Since batch 7 reload fuel assemblies
contain ruel rods whose theoretical density is higher than those considered in

the " :ierence 6 report, the conclusions in that reference are still valid.

ihe kev paraceters that have the greatest effect on determining the outcome of
4 tracsient can typically be classified in tiree major arcas: core thermal pa=-
rameters, thermal-hydraulic parameters, and kinetics parameters, including the

reactivity feedback coefficients and control rod worths.

Core thermal properties used in the FSAR accident analysis were desian operat-
ing vilues based on calculational values plus uncertainties. Fuel thermal
analysis values for each batch in cycle 5 are compared in Table %-2. The cv=-
«le 5 thermal-nydraulic maxizum design condi’ « ns are compared to the previous
cvele < values™ in Table 6-1. These parameiers are common to all the acci-
dents considered in this report. A comparison of the kev kinetics parameters

trom the FSAR and cycle 5 is provided in Table 7-1.

A generic LOCA analysis for the B&W 177-FA, lowered-loop NSS has been performed
usiog the Final Acceptance Criteria ECCS Evaluation Model. This study is re-
ported in 5AW-10103, Rev. 1.10 The analysis in BAW-10103 is generic since the
limiting values of key parameters for all plants in this category were used.
Furtnecmore, the combination of .verage fuel temperature as a function of LHR
and the lifetime pin pressure data used in the BAW-10103 LOCA limits analysis

is conservative compared to those calculated for th.s reload. Thus, the
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analvsis and the LOCA lizmits reported in BAB—10103'provsde conservative results
for the operaticon of Oconee 1 cycle 5 fuel. p
f

Table =2 shows the bounding values for allowable LOCA peak UHRs for Oconee 1,

cyele 3 fuel.

It is concluded from the exacination of cycle 5 core thermal and kinetics prop-
crties, with respect to acceptable previous cycle values, that this core re-
lead will not adversely affect the Oconee 1 plant's ability to operate safely
diring cycle 3. Considering the previously acceptec design basis used in the
FSAR and subsequent cycles, th: transient evaluation of cvcle 5 is considered
1o be bounded by previously acczpted analyses. The initial conditions (or the
transients in cvele 5 are bounded by the FSAR?, the fuel densification report €,

and/or subsequent cvcle analyses.
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Tadble 7-1. Comparison of Xey Parameters for Accident Analysis

Parameter

FSAR and
densification
report value

Predicted
cvecle 3
value

Doppler coeff, Ak/¥/°F

BOC
tOC

Moderator coeff, Ak/k/°F

BOC
FOC

Ali-rod group worth, HZP %
AkSk
Initial boron conc’'n, HFP, ppm

Boron reactivity worth at 70F,
pp/ 12 &k/k :

Max ejected rod worth, HFP, 2
M/k

Dropped rod worth (HFP), %

wi/

-1.17 = 10°5%
~1.33 x j0-5

+0.5 = 10~"
-3.0 = 1077

10
1400

75
0.65

0.46

-1.45 x 105
-1.62 x 195

-0.45 = 107"
-2.64 % 107°

iable 7-2. LOCA Limits, Oconee 1, Cvcle 5

Flevation,
{i

LHR limits,

KW/t

te

S ® o &

35
16.6
18.0
17.0
16.0
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8. PROPOSED MODIFICATIONS TO TECHNICAL SPECIFICATIONS

The Technical Specifications have been revised for cycle 5 operation. Changes

were the results of the following:

1. The Technical specifi.ation limits based on DNBR and LHR criteria include
appropriate allowances for projected fuel rod bow penalties, i.e., poten-
tial reduction in DNBR and increase in power peaks. A statistical combi-
nation of the nuclear uncertainty factor, engineering hot chamel factor,
and rod bow peaking penalty was used in evaluating LHR criteria, as ap-

proved in reference 11.

2. VPer reference 12, the power spike penaltv due to fuel densification was
not used in setting the DNBR- and ECCS~dependent Technical Specification

linmits.

3. The allowable quadrant tilt limit for cvcle 5 is 5.07%.

Based on the Technical Specifications derived from the analyses presented in
tiiis report, the Final Acceptance Criteria ECCS limits will not be exceeded,
nor will the thermal design criteria be violated. Figures 8-1 through 8-10

filustrate revisions to previous Technical Specification limits.

8-1 Babcock & Wilcox



re Protecti

N Sdie

Thermal Power Level, %

(-28.112)

1

120

(32,112)

¥R

ACCEPTABLE
4 PUMP
OPERATION

(32.85.3)

(-28,85.3)

(-40.71.3)

R

80

4 60

ACCEPTABLE
354 PUMP
OPERAT ION

(32.58.2)

g

(-28.58.2)

(-40,44.2)

1

-

40

20

ACCEPTA;::\\\\\

2,384 PUMP
OPERATION

L 1

-40 -20

Reactor Power Imbalance, ’

0

RC FLOW (GPM)

374,880
280,035
183,690

20 40

L4

This is proposed new Tech-
nical Specification

Figure 2.1-2A.

Babcock & Wilcox

(5C.71.3)

(50.44.2)



Protective Svstenm Maximum Allowable
Setpoints, Cnit 1

Figure B8-2.

Oconee
Thermal Power, %

(-18,105.5) (20.105.5)

UNACCEPTABLE OPERATION

“| = 0.568
4 PUMP
(-40,93) OPERAT 10N

(-40,66.3)

|
(-18,78.8)

354 PUMP

A

L 100

“2 = .0.75%
1N (30,00

(30,71.3)

=
e
-
o
OPERAT ION g
| 1l o | .
| ~
(-18.51.69) (20.51.69) 2
| (30.44.19} 3
(-40.39.19) | + 40 | g
| I
o~ | |
=] SF = lc: 4+ 200 | o
4 o S o I 3 4 .
o - O - w o o
= e - - o~ =Y
« | 573 1, " ' .
x <« ™o | ® ® 4 @ N
-60 -40 -20 0 20 %0 €0

Reactor Power Imbalance,

e

Babcock & Wilcox

This is proposed new Technical Scecification Figure 2.3-2A.



of 2568 Wt

Fower

3

S
<

0

iy

jeure 8=3. Rod Position Lizits for Four-Fump Operation,
Ocunee Unit 1 (0 2o 100 = 1C ZFPD)

125.102) (274.1.102)

OPERAT' @

w07 ALLOWED (274.1.32)

POWER
LEVEL

(2v8.2.80)
FESTRITTED

S TDOWN MARGIN LIMIT REGIOW

(21%.7.60)

(70.59)

CUTOFF= 92% FP

PERMISSIBLE
OPERATING
SEGION
S
- 8 A v A
50 1o 120 200 250 i
Rog i~gex. T WD
0 as %0 7% 00 0 25 S0 75 1cC
-~ e A A J - i PR 1
Growd 5 Grovp 7
0 s =0 75 190
& A |
aroud €

is proposed new Technical Specification Figure 3.5.c.-1Al.

84 Babcock & Wilcox

~-



* of 2568 Wt

Powe r

Fipure B-4. Rod Posiiion Limits for Four-Pump Operation,
Oconee Unit 1 (After 100 = 10 EF?D)

(290.102) (27,1 100
10 r
OPIRATION (274.1.92) (= - - -
LI ot
07 ALLOWED 2
LEvEL
50 § CUTOFF
= 327 FP
60 } (218.7.60)
PERMISSISLE
S0 L
OF RAT NG
SHUTDOWN MARGIN REGION
LIMIT -
2 F
(103.15)
0 1 L A 1 L & A
o 50 10C 150 %0 250 3100
Rod 'ncex, “ withdramn
0 2% 50 7% 100 0. 25 0 78 100
L A A A - - . i =
Group 5 Group 7
0 25 5 75 19
L & A —e
Grouvp €

This is proposed new Technical Specification Figure 3.5.2-1A2.

8-5 Babcock & Wilcox



T of Max, Allowanle

Power

L1

€0

o

20

Figure 8-5. Rod Position Limits fer Two- and Three-Pump
Operation, Oconee Unit 1 (0 to 10C = 10 EFFD)

{125.102) (133,102

(2+8.2.102)

OPERATIOM
NOT ALLOWED

(21%.7.76)

L SHUTOOWN MARGIN
LiMY "

(70.50)
PEFMISSIBLE
CPERATING
REGION
. 1 1 1 1 1 1 4 8
0 £0 100 150 200 250 30
Rod Indes. " Witrdrawn
¢ 5 €0 7% 100 [+ 25 50 75 1ce
i S e = J & L 1 1
Group 5 Grouw 7
0 2% 50 7 100
- A i —h 1
Group 6

This is preposed new Technical Soecification Figure 3.5.2-2Al1.



A''owadle

of Max,

Power .

80

€0

L3

Figure B-6. Rod Pesition Limits for Two- and Three-?uap

Operation, Oconee Lnit 1 (Afcer 100 = 10 EFPD)

OPERATION [2e1.102) (268.2.192)
p NOT ALLOWED
RESTRICTED FOR
3 Pump
£218.7. 7€)
-
(179.50) PERMISSIBLE
- OPERAT 185
SHUTLOWN MARGI® LIMIT —
(103,15}
1 1 1 1 ! 1 1 L
50 20 1€ 2 T
g Rod Ingex. ~ e&("df"" % 29 300
T R 100 0 2% s5 75 100
e L - - A - | 4 1 4 1
Group S Gro.e T
0 25 50 7% 100
! 1 1 N :
Gro.p 6

This is proposed new Technical Specification Ficure 3.5.2-2A2.

8-7 Babcock & Wilcox



Figure B=7. Power Imbalance Limits, Ulonee Lnit 1
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Figure 8-8. VPower lmbalance Limits, Oconee Unit 1
(After 100 = 10 EFPD)
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9. STASTUY PROGRAM — PEYSICS TESTING

The planned startup test progran associated with core performance is outlined
below. These tests veriiv that core perfornmance is within the assumptions of

the safetv analysis and provide the necessary data for continued safe opera-
tion.

Precritical Tests

1. Contrel rod trip test.

Zero Power Phyvsics Tests

1. (ritical doron concentration,

2. Temperature -ractivity coerficient.

a. All rods cut, grour 8 in.

b. Grouss 5 through 8§ irserted, groups 1 through 4 out.
i, tontrel rod groun reactivaty worth.

v, Vievted control rod reactivity worth,
Power Jests

1. Core power distribution vwerification at approximatelv 40, 75, and LO02
tall power with normal cencrol rod group contiguration.

Y trcore s rsus ovt=of ~core Jetector imbalance correlation verificatica
4t less than full power.

3. Power Doppler reactivizy coefficient at approximately 1002 full power.

4. Teaperature reactivity coeificient at approrimately 100X full power.
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