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1. INTRODUCTION AND SUM™ARY

This report justifies the operation of the third cvele of Oconce
Suclear Station, Unit I, at the rated core power of 2568 Ydt. Included are
the required analvses, as outlined in the USNRC document "Cuidance for
froposed License Azendzents Relating to Refuelinz”™ June 1975.

To support cycle 3 operation of the Oconee Nuclear Station, Unit I,
this report e=plovs analytical techniques and design bases established in
reports which were previously submitted and accepted by the USNRC and its
predecessor (see references).

A brief summary of cycle 1 and cycle ) reactor parameters that
are related to power capability is included in Section 7 of this report.

ALl of the accidents analyzed in the FSAR have been revicwed for cycle 3
operation.  In those cases where cycle 3 characteristics proved to be con-
servative with respect to those analyzed for cycle | operation, no new analvsis
was performed.

The Technical Specifications have been reviewed and the modifications
required for cycle 3 operation are justified inm this report.

Based on the anslyses performed. which take into account the postu~
lated eftects of fuel densification and the Fimal Acceptance Criteria tor
Thereeney Core Cooling Svstems, it has been concludad that Oconee Uit [,

vele 3, can he safely operated at *he rated power lJevel of 2568 Mwt.
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2. OPERATING HISTORY

e reterence cyvele for the nuclear and thermal hvdraulie analyses
e Naclear Station Unit [ ois the presently operating cvele 2. Cwcle 2
Dmer cucatation commenced on March 11, 1979, following the completion of the
Jere power phvsics testing,  The rated power level ot 2568 Mat was achieved on
April 1, 1975, A control rod Interchange was performed at 53 effective full
power cavs (EFPD).  The design fuesr cvcle of 290 EFPD i scheduled for
completion in January of 1976, No operating anomalies occurred during the
weond cvcle which would adversely affect the fuel performance during the
third cvele.

The nuclear and thermal-hyd-av!ic analyses of cvele 2 utilized the
fuw=2 critical heat flux correlation and the measured core tlow. The cveie 3
iwalvaes also employed these features which have the combined or singular
citect of dncreasing margin to DNB.

Uperation of cvele 3 is scheduled to begin fn March of 1976, The
desien ovele length is 292 EFPD and one control rod interchange is planned
it 106G 2 10 FFPD,



CENERAL JESCRIPTION

The Oconee Unit [ reactor core is described in detail in Sedt ion
b ot the Oconee Nuclear Station, Unit I, Final Safety Analssis sceport (=, ey
i¥s

The cycle 3 core consists of 177 fuel asseablies, each of which is a
15 by 15 array containing 208 fuel rods. 16 control rod guide tubes, and one
incore instrument gulde tube. The fuel pin cladding is cold-worked Zir.alov-4
with an 0D of 0.430 inch and a wall thickness of 0.0265 inch. The fu-i
consists of dished ¢nd, cylindrica) pellets of uranium dioxide which are
0.700 inch in length an4 0.370 inch in diameter. (See Tadble 4.1-1 and Table
4.2=1 tor additional data.) The fuel asseablies in batch 3 have an average
noainal fuel loading of 468.6 kg of uraniua whercas the batch 4 and 5 assem-
blies maintain an average nominal fue! loading of 4%1.6 kg of uranium., The
undensified nominal active fuel lengths and theoretical densitics also vary
between batches and are presented {n Tables 4.1<1 and &, 2=}

Flgure 3-1 s the core loading diagram for Gionee Unit I, (vole o,
fhe initial enrichments of batches 3, 4A and 48 were 2.13, 2.60 and 3.20 wt
3*5r. respectively.  Batch 5 is enriched to 2.75 wt = <39, All of the hatoh
< assemblies and 24 of the batch 3 assemblics will be discharged at the ond
of cyele 2. The remainder of batch 3 asseablies and the batch 4A and 48
1ssemblies will be shuffled to new locations at the beginning of cycle 4,
frosh totch 5 asscadlies will occupy primarily the periphery of the core
4 major axes positions slightly interior tc the core. Figure 3-2 is an «
core map showing the asscmbly burnup and enrichment distribution at the b
of cvele 3.

Reactivity control is supplied by 61 full-length A2-In-Cd contr
«»4 soluble boron shim. In addition to the full=-length control rods, cigh
axl L power shaping rods are provided for additional control of the axial .t
distributior.. The cycle ) locations of the 69 control rods and the aroup
designaticas are indicated in Figures 3-3 and 3-4. The core locations of tk.
total pattern (69 control rods) for cycle 3 are identical to those of the

reference cevele indicated in the onee I, Cvcle 2 Reload Report (reference 2).

3-1



rhe group designations, however, differ between cycle 3 and the reforence

cyele in order to minimize power peaking. One control rod intercrnanyc s

planned at 100 + 10 EFPD.

-

The nominal system pressure (s 2200 psia, and the densit i’ noman

heat rate is 5.78 kw/ft at the rated core power of 2568 Mlt.

3=2
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Figure 3-3 Jconee 1, Cvcle 3 Control Pod
Lecations He:iure interchange
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figure 3-4 conee 1, Cycle 3 Control Rod
~ocations After Interchange
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4. FUEL SYSTEM DESICN

4.1 Fuel Asseshly Yechanical Design

fortinent fuel design paramaters are listed in Table 4.1-1. all
fucl asseaclies are identical in concept and are mechanically interchangeable.
The new fuel asseadlies incorporate minor modifications to the end fittings,
prizmarily to reduce fuel assembly pressure drop asd to increase holddown =margin,
All other results presented in the FSAR fuel assemdbly mechanical discussion

are applicable to the reload fuel assemblies.

2.2 Fuel Rod Desiga
Pertinent fuel rod dimensions for residual and new fuel are listed
in Table <.2-1. The mechanical evaluation of the fuel rod is discussed
below,
:_J_.f_dxpxg\_llags_g:
Tewp collapse analyses were prrformed tor three-cycle assembly
power histories for O¢conee 1. The batch 5 fuel is more limiting than batch
“ fuel due to the lower pPrepressurization an. lower pellet density., A suSmary
Of the batches 3, 3, and 5 fuel rod desiens is coataired in Table 4.2-2. The
batch 3 assesslv poser histories were aralvzed and the most limiting assembly
for vvele 3 was determined. The predicted asseably power history for the
most limitine asseadly was used to determine the =ost limiting collapse tizme
as desertbed in BAW-10084P-A (reference 3). Measured power distribution data
obtained during cvele 2 operarion confirmed the accuracv of the cvele 2 design
calculations used for the collapse analvsas,
The conservatisms in the analytical procedure are summarized below.
1. The CROV computer code wis jsed to predict the time to
Coliagse.  CROV conserviatively predicts collapse times,
as Jemonstrated in refercnce 3
J. N0 credit is taken for fission Ras release. Therefore,
the net differential pressures used in the analvsis are

conservatively high,
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f. The clacding thickness used was the LTL (lower tolerance
limit) of the as-built measurements. The initial ovality
of the cladding used was the UTL (upper tolerance limit)
vt the as-built measurements. These values were taken
froa a statistical sa=pling of the cladding.

+. Barch J cladding temperatures were calculated using
assembly outlet temperatures. This results in cladding
teaperatures which are conservatively high when coabined
with the maximum axial peak.

The sost limiting assembly was found to have a collapse time greater
than the maxinum projected cvele 3 life of 21,500 hours (see Table 4.1-1). This
analyvsis was performed using the assumpt ions on densification described in
reterence 3.

Cladding Stress:

Since che batch 3 fuel is the most limiting from a cladding stress
point of view due to the low prepressurization and low density, the
caliulations pertormed in the Oconee I Fuel Densification Report, (reference 4),
ire the most limiting.,

Fucl Pellet Irradiation Swelling:

The fuel design criteria specify a limit of 1.07 on cladding circum-
ferential plastic strain. rhe pellet design is set such that the plastic
cladding strain is less than 12 at 55,000 MWD/MTU. The conscrvatisms in
this analvsis are listed below.

I. The maximum specification value for the fuel pellet diameter
was used.

2. The maximum specification value for the fuel pellet density
was used.

}J. The cladding IP used was the lowest permitted specification
tolerance.

4.  The maximum expected three cycle local pellet burnup is
less than 55,000 MWD/MTL.

o
'
te



.3 Thermil Design

The core loading for cycle 3 operaticn is shown in Figure 3-1. There
are 60 frosh (batch 5) tuel assemblies, b1 once-bdurned (batches 4a and 4B)
assemblics and 56 twice-burned (batch 3) fuel asseablies. These assemblies
dare thrrmally and geometrically sinilar. limitations on the linear heat rate
were established utilizing full fuel densification penalties., This results
in a sinioum linear heat rate capability of 20.15 kw/fr.

Fower Spike Model

The power spike model utilized in this analvsis is identical to that
presented in BAW-10055 except for two modifications. The modifications have
been applied to Fg and Fkb. These probabilities have been changed to reflect
additional data from operating reactors that support a somewhat different
approach and vield less severe penalties due to power spikes. Fs was changed
from 1.0 to 0.5. Fy was changed from a Caussian distribution to a !inear
distribution, which reflects a decreasing frequency with increasing gap size.

The power spike and maximum gap size have been calculated both for
bateh < and batch 5 fuel. The maximum gap size versus axial position is
shown for both batches in Figure 4.3-1 and the power spike factor versus axial
length is shown in Figure 4.3-2,

For those analyses where centerline fuel melt is limiting, the higher
power Spike of batch 5 fuel has been used; however. for DNBR analyses
(Scction 6.2), the batch 4 power spike has been used. The factor, when
combined with the shorter active length of batch 4 fuel, results in the
worst DNBR densification penalty.

Fucl Temperature Analysis

thermal analysis of the fuel rods assused in-reactor fuel densifi-
vation to 96.5% theoretical density (TDF). The basis for the analysis
tilized is given in BAX-10055 and BAW-100447 with the followirg modifications:
1. The option in the code for ne restructuring of fuel has
been used in the analysis presented here in accordance
with the NRC interim evaluation of TAFY.

‘e
.

The calculated gap conductance was reduced by 25% in accord-

ance with the NRC interim evaluation ot TAFY.



During Cycle 3 operation, the highest relative assembly pover
levels occur in batches 4 and 5 fuel. Fuel temperature analvsis for
batihes 1, 2, and 3 fuel is documented in the Oconee 1 Fuel Densification
“eport,  This analvsis is also applicable to batches 4 and 5 because they
fave the same linear heat rate capabilities to centerline melt as batches 1,
Joand 3 (26055 kw/ft). The maximum hot spot centerline fuel temperature is

prodicted on . he basis of the reference design peaking conditions as shown
in Table &4.3-1.

3.4 Material Design

The batch 5 fuel assemblies are not new in concept and theyv do not
utilize different component materials. Therefore, the chemical compatibility
of all possible fuel-cladding-coolant-assembly interactions for the batch §

tuel assenblies are fdentical to those of the present fuel.

4.5 tperating Experiences

BLW's operating experience has been demonstrated in the operation

of six 177 fuel assembly plants utilizing this fuel asscmbly design.




Table 4.1-1, Fuel Design Parameters

Residual New
Fuel Asse=oly Fuel Assembly
Batch 3 Batch 4 Batch 5
1. Fuel Asscmbly Type Mk-B2 Mk~33 Mk-B4
2 humber 56 61 60
3. Initial Fuel Larichment 2:15% 3.20/2.60 2.75
4. Initial Fuel Density, 93.5 > 94.5 93.5
! Theoretical

5. Initial Fill Gas Pressure

(Minimun specified), psia . . .
6. Batch Burnup, BOL, MWD/MTU 15076 9798 0
7. “lad Collapse Time, Effective > 26,500 > 30,000%% > 26,000N%

Full Power Hours

Table 4.2-1. Fuel Rod Dimensions

Residual Fuel www Fuel Assembly

Cemponent Batch 3 Batch 4 Batch 5
1. Fuel Rods
0.D. Inches 430 430 430
1.D. Inches «377 .377 « 307
2. Fuel Pellet
9.D. Inches .370 .3685 (mean) .370
Denstitv, % Theoretical 93.5 > 94.5 93.5
3. Undensified Active Fuel
tength, inches 144 142 142.6
4. Flexible Spacers, Type Corrugated Spring Spring
Spacer
5. Solid Spacers, Material zroz Zr-4 2r=4

* PROPRIETARY

**A conscrvative power history envelope was used for datches + and 5 rather than
specit e histories,



¢ 4.2-2. 1-put Summary for Cladding Creep Collapse Calculations

Batch 3 Batch 4 atch 5
“ellet ) fmean specified). in. . 3700 . J6BS . 3706
vllet Density (mean specified),
93.5 4.5 93.5
‘wnsified Pellet OD, in. .3663 . 3661 . 3663
ladding ID (mean specified), in. 387 377 +» 377
Cladding Ovality, (LTL), in. * * »
Cladding Thickness (LTL), £a. " . ®
Prepressure (minioum specified), psia * & .
Post Densification Prepressure
(cold), psia * . &
Heactor Svstem Pressure, psia 2200 2200 2200
Stack Height (undensifled), in. 144 142 132.6

* PROPRIETARY



TABLE 4.3-1

DENSIFIED FUEL TEMPERATURE ANALYSIS PARAMETERS FOR CYCLES 2 AND 3

feacter Ccore Power Level, "Ht 2568
Svstem Pressure, psia 2200
“vactor Vessel Coolant Temperature, F 579
“raction of Heat Gencrated in Fuel and Cladding 973
- B
M 1.78
N
Fl 1.70
rq (Nuclear) 3.03
Fq (Nuclear and Mechanical) 3.12
Average Thermal Output kw/ft - Batch 3 5.742
Batch & 5.805
Batch 5 5.799
Average Fuel Temperature, F 1350
“aximum Fuel Centerline Temperature at Kot Spot, F 4710
wnsified Active Fuel Length, in. = Batch 3 141.84
Batch & 140.30
Batch § 140.46
Linear Heat Rate to Central Fuel Melt, kw/ft 20.15
Initial Theoretical Density (IDI) - Batches 3, S 93.5

Batch 4 95.5
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5. NUCLEAR DESICN

oA Physics Characteristics

table 5.1~1 compares the core physics paramaters of cycies 2 a=d 3.
The values for both cycles were generated using PDOO7. Since the core has
not yet reached an equilibrium cvecle, differences in core physics paraszeters
are to be expected between the cycles.

The longer cycle 3 will produce a slightly larger cycle differential
burnup than that for the cycle 2. The accumulated average core burnup will b
higher in cycle 3 than in cycle 2 because of the presence of the once-burned
bateh 4 tuel and the twice burned batch 3 fuel. Figure 5.1-1 illustrates a
repreosentat ive relative power distribution for the beginning of the third
cvele at full power with equilibriua xenon and normal rod positions.

The critical boron concentrations for cycle 3 are approxinately the
same as those for cycle 2 but vary slightly due to cycle length differences,
radial power distributions, etc. The control rod werths for hot full power
difter  between cycles due to changes in group designations as well as changes
in radial flux distributions and isotoples. The cjected rod worths in Tadle
J.01=1 are the maximum calculated values within the allowable rod insertion
Himits, It is difficult to compare values between cycles or between rod
patterns since neither the rod patterns from which the CRA is ejected nor the
tsotopic distributions are fdentical. Calculated ejected rod worths and their
adherence to criteria are considered at all times In 1ife and ar all power
levels in the development of the rod position limits presented in Section 8,
The maximum stuck rod worth for cvcle 3 is lower than for cvcle 2 at the
beginning of cvele but higher ¢ end of cycle. However, no adverse safety
implications are associated with this higher worth since the adequacy of (e
shutdown margin with cvcle ) stuck rod worths is demonstrated in Table 5.1-2.
For the shutdown calculations the following conservatisms were applied.

1) Poison material depletion allowance
2) 107 uncertainty on net od worth

3) Flux redistribution peralty

5-1



Flux redistribution was accounted for since the shutdown analysis
“is calculated using a two-dimensional model. The shutdown calculation at
the end or cycle 3 is analyzed at approxiuately 230 EFPD'e. This §s the
fatest time (4 5 days) in core life in which the transient bank is ncarly
fully inserted. After 230 EFPD's the transient bank will be alrost fully
withdrawn thus increasing the available shutdown margin., Reference fuel cvele
shutdown margin is presented in the Oconee I, Cycle 2 Reload Report.

The evcle 3 power deilcits from hot zero power to hot full power
ire higher than those for cycle 2 due to a mure negi .ve moderator coefficient
in ¢vole 3. The differential boeron worths and total xenorn worths for cycle 3
are the same or lower than for cycle 2 due to depletion of the fuel and the
associated bulldup of fission products. Effective delaved neutron fractions

tor both cycles show a decrease with burnup.

5.2 _Analyrical Input
The cycle 3 incore measurement calcul tion constants to be used for
vomput ing core power distribut fons were prepared in  he same manner as the

reference cyele.

223 Changes in Nuclear Design

There were no relevant changes in core design between the reference
ind reload cycles. The same calculational methods and design intormation were
used to obtaln the inportant nuclear desipn paramcters. In addition, no
signtticant operational procedure chanees exist from the reference cycle with
regard to axial or radial power shape control, xenon coentrol, or tilt control.
The operational limits (Technical Specifications changes) for the reload cvele
are shown in Section R,

A fuel mele limie of 20.15 kw/ft has been employed in calculating
the Reactor Protection System (RPS) svtpoints and is the same as in cycles
L and 2. Ihe bateh 5 fuel asseablics will be loaded as in Figure 3=1. As-
built data have been used to ensure cighth=core symmetry in <35 loading. The
three batch 4 assemblies that had been assigned & maxizum lincar power rating
of 20,02 kw/ft based on as=built data will again be placed in lower power core
locations. These locations (E-10, L=11, and “-6) have been investigated and

it has been determined that atter the fuel has been shuffled to these cycle 3
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core locations, they will not experience greater than 19.4 kw/ft through
cvele 2. Thus, a sufficient fuel melt margin will be zaintained through
crcle 5. See reference 2 fur a detafled outline of the cethods involved.

In addition, assembly 1061, which contains simulated fuel coluen
#aps, =ill be placed in core location F-13 in conjunction with B&W's continuing
progras to evaluate fuel performance. Contained in one fuel rod of assembly
1061 are three ceramic spacerswhich sisulate fuel densification gaps. The
deserintion of the irradiation program for t*is special assembly in Oconee
Unit T was presented in a letter (6/18/74) to Angelo GCiambusso, USAEC.
Continuation of the irradiation of assembly 1061 will not adversely affect

fuel or reactor performance during cycle 3.



lable 5.1~1

le length, EFPLC

le¢ burnup, Wd/mtl
erfaze core hurnup - LOC, MWd/=tU
Initial core loading, meU

‘ritical boron - BOC, ppm

nZP® - 411 rods out

422~ pgroups 7 and 8 inserted
HFP = kroups 7 and 8 inserted
Critical boron - EOC, ppm
5P - all rods out
2P =~ group 8 (37.52 withdrawn, equil. Xe)
Control rod worths - HFP, 8OC, % k/k
f.roup &
uroup 7
Lroup 8 (137.52 wd)
Control rod worths = HFP, EOC, 2 k/k
Lroup 7
wroup 8 (37.527 wd)
Maxiznum ejected rod worth - HZP, % k/k

#od configuration |
¥od configuration 2

faximu2 stuck rod vorth - HZP, % k/k
BOC
EOC
Power deficit, HZP to HFP, % 'k/k
BOC (3roups 7 and 8 inserted)
FOC (groups 7 and 8 inserted)
Doppier coeff, - BOC, 10> "k/k/F
1990 power (D Xe)

Doppler coeff. - EOC, 10-5 "k/k/F

1007 power (equil. Xe)

1285
1159
1028

285
75

1.12
1.14
0.36

-1.60

-1.62

1.45
2-'0J..

-1.60

-x .‘)2



Table 5.1-1 (Continued)

Cyvcle 2 Cyvcle 3
Voderator coett, - 8FP, 107" ‘k/K/F
W Xey T000 ppm, groups 7 and 8 inserted) -0.79 -0.89

e fvquids Ney 1T ppa, group 8 inserted) -2.35 -2.42
oron worth = MFP, »spw/ k/k

BOC (1000 ppa) 97 103

EOC (17 ppa) 91 92
vonon worth = BFP, T k/k

BOC (+ davs) 2.64 2.64

EOC (equiiidrium) 2.69 2.67
sifective delaved meutron fraction (HFP)

BOC .00602 .00582

LOC .00520 .00518

* HIP donotes mot Jero Powwr/HFP denotes Hot Full Power

& Power deficic at -3 llﬂ‘D's




Table 5.1-2

Shutdown Margin Calculation

Oconee 1, Cvcle 3

time in core life f{n which the transient ban% is nearly full in.

5-6

Wwal.able Rod Worth BOC, T x/k EOC*, T k/k
i. Total rod worth, HZP 9.43 9.21
9. worth reduction due to
turaup of poison material -0.33 ~0.37
« Maximum stuck rod, HZP -2.34 -2.64
d. Net worth 6.76 6.2
. Lless 100 uncertainty =0.08 =0.62
. Total available worth 6.08 5.58
I1. sezuired Rod Worth
1. Power Jdeficit, EFP to HZP 1.9 2.00
‘o Maxinum allowable inserted
rod worth 1.5} 1.39
. Flux redistridbution 40 0.469
<. Total reguired worth 3.38 4.08
iil. Shutdown Marzin
tl.f. =inus 11.4,) Q.70 1.59
SOTE:  Required shutdown margin is 1.00% k/x
*For sautdown margia calculations, this is defined as ~ 230 EFPD, the iatest



FICURE 5.1-1 BC (4 EFPD), Cvecle 3 Two-Dimensional
Relative Power Distridution - Full
Power, fquilibriua jeacn, Normal sod
Positions (Groups 7 and 8 Inserted)

1.16 1.28 1.47 1.00 1.1 .62 .59
1,44 1.09 1.40 1.22 \ .62 .61
.58
Y
1.09 1.07 1.41 1.1 1.03 .57
.91

1.40 1.41 1.29 .97 N .94

\
.22 + 97 1.29 1.23 oy b

‘1
7
] 1.11 .90 .23 +53
.hS
02 1.03 .94 72
’ o] <37

‘\\\\ + Inserted Rod Group No.

+ Relative Power Density




6. THERMAL-HYLURAU! IC DESIGN

b, ttermal-Hvdraulie Design Calculations

Twrmal-hvdraulic design calculations for support of cvcle 3 operation

SJed the same analvtical methods previously Jdocumented in references .
and J. Adjustrents to these calculations recognize the introduction of the
Mi=he assezblies in batch 5 and account for modifications in the use of the
fha=l critical heat flux correlation.®+? The Baw correlation was utilized in
the Jicensing of the Oconee | Cycle 2 core. In the application of the B&w-2
(HE corrclation to the Oconee I, Cycle 3 core, two modifications in the use
ob the correlation have been instituted. The following modifications have
alse been applied to the T™I-I, Cycle 2 core.

<. ite liniting design DNBR of 1.30, representing a 95 percent

confidence level for 95 percent pepulation protection, was
used in the analysis. A lipiting DNBR of 1,32 representing a
99 percent confidence level for a 95 percent protection was
used In previous design analyses. This change is consistent with
industry practice and statistical standards associated with
iimiting design DNBR values as accepted by the NRC Staff and
ACRS,
Tie pressure range applicable to the correlation has been
extended downward from 2000 psia to 1750 psia. This revision
is based on a review of rod bundle CHF data taken at pressures
beiow 2000 psia which shows that the B&W-2 correlation con-
servatively predicts the data in this range.

B DWBR Analvsis

In addition to the items discussed above, the maximum design conditions
considered in the FSAR and generic tuel assembly geometry based on total

Yarc B oas=built Jdata were taken into account. This resulted in a minisun
DNER of 2.0 5t 112 percent power for undensified fuel.

[he ertects due to densificaticn can be divided into two categories:
(1) the result ot reduced stack height and (2) power spiking caused by
densification induced gaps in the fuel column. Aas input to the DNBR aralysis
tor bateh 4 fuel (most limiting), the minimum lot average density and the
densified as-built stack height were used. Using this input and the coyrres-
pording power spiie, the most limiting DNBR conditions were calculated fcr
cvele J operation.
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The axial flux shape which resulted in the maximurm change in DN3R
‘ro= the origiral design value was an outlet peak with & core offset of
*11.8%, The spike magnitude and the maxinum gap size are discussed in
fection <.3 and the values used in the analysis are 1.07 and 1.96 inches,
resnectively, The results of the two effects are =5.4% and -3.0% change in
sHiTum ot channel DNBR and rearing margin, respectivelsy. These nurbers
Are surrarized in Table 6.2-1 which includes comparisons of other pertinent

vile 2 and cycle 3 data.



Pwer

iable 6.2-1 Cycle 2 and Cycle 3 Design Conditions

Level, .“fu't

"stem™ Pressure, psia

tor Coolant Flew, % Design Flow

Sei dnlet Conlant Temperature -
Power, ¥

vessel Outlet Coolant Temperature -

Pewer, F

Set. Design Radial - lLocal Power

vaing bactor

Design Axial Flux Shape

ensified Active Fuel Length#

Averaae l!edf Flux (100X Power),
Btu ' h=ft-

(He

inimun DNER (Max. Design Conditions,

Maxirun Heat Flux (1002 Power) ,

f=tts (for DNER calculations)

Lorrelation

wostitication Penalties)
Crannel Factors
wthalpy Rise
Heat Flux
Fiw Area
ftication Effects
(Lange in DNBR Margin,

Lhare In Power Peaking Margin,

“uther used for DNBR analysis (batech 4

tor values for batches 3 & 5.

6-3

Lvecle 2
2568
2200
107.6
555.9

602.26
l1.78

1.5 cosine
139.64
176472

471180

BiW=2

-~
-

(1127 power)

1.011
1.014

0.98

-Sc"'
-3.0

length).

Cycle 3
2568

2200
107.6
555.9

602.2
1.78

1.5 cosine
139.64
176472

471180

B&w-2

2.0
(1122 Power)

1.011
1.014
0.98

’So;

-3.0

See Table 4. 31



7. ACCIDENT AND TRANSIENT ANALYSIS

7.1 Gereral Safety Analysis

Lach FSAR accident analysis has been examined with respect to changes
0 vy le J parameters to deternine the effects of the cvecle 3 reload and to
tusure that thermal performance durirg hypothetical transients is not degraded.
Core thermal parameters used in the FSAR accident analvsis were
design operating values based on calculated values plus uncertainties. A
omparison of oevele 2 values of core thermal parameters with parameters used
in ¢ycle 3 analysis is given in Table 6.2.1. Cycle 2 and cvcle | core thermal
paraneters are compared in reference 2. These are paraceters common to all
of the accident analyses presented herein. For each accident of the FSAR,
4 discussion of the accident and the key pararmeters are provided. A comparison
of the kev pararmeters (See Table 7.1-1) from the FSAR and cvcle 3 is provided
with the accident discussions to show that the initial conditions of the
transient are bounded by the FSAR analysis.

The effects of fuel densi.ication on the FSAR accident anaivsis
results have been evaluated an’ are reported in reference <. Since batch 5
reload tuel assemblies do not contain fuel rods whose theoretical density is
lover than those considered in reference “, the conclusions in that reference
are still valid,

Calculational techniques and methods for cyele 3 analvsis rermain

vhsistent with those used for the FSAR. Additional DNER margin is shown
tor evile 3 due to use of the B&w=2 CHF correlation instead of the W-3 Chf
correlatioe,

“oonew dose calculations were performed for this reload report.
ifie dose considerations in the FSAR were based on maximum pearing and bSurnup
tor ali core cveles and therefore the dose considerations are independent oq
the reload batch,

Vo Rod Withdrawal Accidents

Mils accident is defined as uncontrolled reactivisy addition to tne
core from withdrawal of contre! rods during startup conditicns or fro=m rated
power conditions. BRoth tvpes of incidents were analyzed in the FSAR.

The irportant parameters during a rod withdrawal accident are
Doppler coefficient, moderator tenperature coefficient and the rate 7 which

reactivity is added to the core. oOnly high pressure and high flux trips
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Are accounted for in the FSAR analvsis, ignoring multiple alarms, interlocks
and trips that aormallv preclude this tvpe of {acident.

For positive reactivity addition indicative of these events, the
ST severs resuits ocour for 301 conditions, The FSAR values of the koy
Jaraneters for BOL conditivns were -l.l?xl.-s ‘w/k/¥ for the Doppler coef-
Hleient +0.5x107 % “/k/F for the moderat r tvmperature cocflficient and rod RToup
worths uos to and including a 10.0% "k/k roé worti. Comparable cvele 3 para-
metric values are =1.00x10"7 x/k/F for Doppler coefficient, -0.39x10"* “k/k/F
tor moderator temperature coctficient, and =aximum rod bank worth of 9.47
k/k. Therefore, cvcle 3 Parameters are bounded by design values assumed for
the FSaR analvsis. Thus, for the rod withdrawal transients, the consequences
will be no more severe than those presented in the FSAR and the fucl densifi-

cation report.

7e3 Hoderator Dilution Accident
Soron in the form of boric acid is utilized to control CXUSS
reactivity.  The boron content of the reactor coolant is periodically reduced
Lo compensate for fuel burnup and transieat xenon etfects with dilution water
upplied by the makeup and -+ iwrification svstem., The moderator dilution transients
Matdervd are the PUEDINnR (I water with zero boron concentration fros the
Tiscup tanx to the reactor coojant svStem under conditions of yll nower
Peration, hot shutdown and during refueling.
e kev paraneters in this analvsis are the initial borun concen-
tration, Soron reactivity worth, and muderator temperature coefficent for
POwWOr Cases,
For positive reactivity addition of this type, the most scvvere

esults occur for K conditions.  The FSAR values of the kev parameters for
AL conditions were 1400 ppm for the initial boron concentration, 75 ppa/l’
ris buron reactivity worth and 0, 95ix10°° ‘"« /k/F for the noderator tesperiture
woefiicient.  Corparable cvele 3 values are 997 ppa for the initial boron
concentration, 78 ppa/l. Ak/k boron Feactivity worth and -0.89x10° * ‘k/x/F
tor the moderator temperature coctficient. The FSAR shows that the core and
RCS are adequately protected during this event. Sufficient time for operator
Action to terminate this transient is also shown in the FSAR even with maxi-
nun dilution and mininum shutdown margin. The predicted cvele 3 parameter
values of importance to moderator dilution transient are bounded by the FSAR

design values, thus, the ana /3is in the FSAR is valid.

7-2



7.4 Cold water (Pump Startup) Accident

e NSS does not contain any chock or isolation values in the
feactor coolant system piping, therefore, tie classical cold water accident
is not possible. liowever, when the reactor is operated with one or rmore
2uTPs not running, and the idle puUmpPS are started, the increased flow rate
will cause the AVerage core temperature to decrease. If the moderator
temperature coefficient is negative, reactivity will be added to the core
and a power increase will occur.

Protective interlocks and administrative procedures exist to
prevent the starting of idle pumps If the reactor power is above 222,
However, these restrictions were not assuzed and two pump startup from 50X
Power was analyzed as the most Severe transijient.

To maximize reactivity addition, the FSAR analvsis assumed the
Dost negative moderator te mperature coefficient of -3.0x10" h 2k/k/F and
least negative boppler coeffictent of -1, Ix10 >3 ‘k/k/F. The corresponding
most negative moderator tenperature coefficient and least negative Doppler
voefficient predicted for « cle 3 Jn".’.é.’xlu-é Sk/k/F and =1.60x10"° ‘k/k/F,
respectively.,  As the predicted svele 3 moderator temperature coefficient is
less negative and the Mopoler coefficient is more nepative than the values
used in the FSAR, the transient results would be less severe than those

reported in the FSAK.

7.5 Loss of Coolant_Flow
A reduction in the reactor coolant flow can occur from mechanical
tallure or from a loss of clectrical power to the pumps. With four indepen=-
dent pumps availadle, a mechanical follure in one purp will not affect cperation
of others. With the Feactor at power, the effect of loss of coolant flow is
A rapid increase in coolant temperi ture due to reduction of heat removal
Capability. TIhis increase could result in NB if Corrective action were not
taken inmediately, The kev Paraneters for S-pump coastdown or locked rotor
incident are the flow rate, flow coastdown characteristics, Doppler coefficient,
moderator temperature coctficienr, and hot channel DNB peaxing factors. The
conservative initial conditions assumed for the densification report were:
FSAR valucs of flow and coastdown, -l.2xlO-3 ‘K/K/IF Doppler coefficient,
00.le0" ‘k/k/F moderator temperature coefficient, with densified fuel power

Spike and peaking. The results showed the DNBR remained above 1.3 (W-3) for
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the 4-pump coastiown and the fuel cladding temporature remained below
criteria linmits for the locked rotor transient.

The predicted parametric values for cvcle 3 are -1.60x10 ° o P 3
Doppler coefficient, -0.5911!;’; Lk/k/F moderator tecperature coefficieat
and peaking factors as shown in Table 6.2-1. Since tae B&W-2 CHF correlation
was used for cvcle 3 and the predicted cycle 3 values are bounded by those
used in the densification report, the esults of that analysis represeats

the most severe consequences from a lo 5 of flow inciZent.

7.6 Stuck-Out, Stuck=In, or Dropped ' ontrol Rod Accident

If a control rod is dropped into the core while operating, a rapid
decrease in neutron power would occur, accompanied by a decrease in core
average coolant temperature. In addition, the power distribution may be
distorted due to a new control rod pattern. Therefore, under these con-
ditions a return to rated power may lead to localized power densities and
heat fluxes in ¢xcess of design limitations.

The kev parameters for this transient are msoderator temperature
coefficient, worth of dropped rod, and local peaking factors. The FSAR
analvsis was based on 0.467 "k/k and 0.36% ’k/x rod werths with a moderator
temperature coefficient of -).Oxlo-"‘ ‘k/x/F. For cycle 3, the maximus worta
rod at power is 0,207 “k/k and the moderator temperature coefficient is
-.'.-'..‘xl(f“ Le/w/F. Since the predicted rod worth is less and the moderator
temperature coetficient more positive, the consequences of this transient

are less severe tuan the results presented in the FSAR.

.7 _loss of Eleceric Power

Two tvpes of power losses were considered in the FSAR: (i) a loss
of Toad condition, caused by separation of the unit from the transmission
svstem, and (ii) a hvpothetical condition which results in a complete loss cf
all svstem and unit power cxoept the unit batteries.

The FSAR analysis evaluated the loss of loaé with and without
turbine runback. Whea there is no runback a reactor trip occurs on nigh
reactor coolant pressure or temperature. This case resulted in a non-limitiag
accident. The largest offsite dose oceurs for the second case, i.e., loss of
all electrical power except unit batteries, and assuming operation with failed

fuel and steam generator tube leakage. These results are independent 0f core

loading and, therefore, the results of the FSAR are apalicable for anv reload.
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7.8 Steam Line Failure

A steam iine failure is defined as a 1.pture of any of the stean
lines fros the steanm generators. Upon initiation of the rupture, both stea=
eberators start to bluwdown, causing a sudden decrease in primary svsten
Tumderature, pressure and pressurizer level. The temperature reduction leass
L9 positive reactivity insertion and the reactor trips on hiph flux or low
AC pressure.  (he FSAR bas identified a doudble-cnded rupture of the stean
line between the steam gencrator and steam stop valve as the worst case
situation at end-of=-lite conditions.

The kev tarameter for the core response is the moderator temperature
coetficient which was assumed to be -3.0:10-:‘ "k/k/F in the FSAR. The cvele 3
predicted value of moderator temperature coefficient is =2.42x10 & “k/k/F.
™is value is bounded by the value used in the FSAR analvsis and hence, tae
results in the FSAR represent the worst situation.

7.9 Stean Generator Tube Failure

A rupture or leak in a steam generator tudbe allows reactor coolans
and as<orciated activity to pass to the secoddary systea. The FSAR analvsis is
Dased on complete sceverence of a steam gensrator tube. The prisary concern
tor this incident is the potential radiological release, which is independent
of core loading., hence, the FSAR results are appiicable to this reload.
.30 Fuel Handling Accident

The mechanical damage tvpe of accident is considerced the maxinus
poteatial source of activity release during fuel haadliong activity., The
pricary concern is over radiclogical releases which are independent of core
loading and, therefore, the results of the FSAR are applicable to all reloads.
711 Kod Ejection Accident

FOF Teactivity to be added to the core at a more rapid rate than by
uncontrolied rod withdrawal, physical failure of o pressure barricr componens
in the control rod drive assesblv must occur. Such a failure could cause a
pressure ditferentisl to act on a control rod assesbly aad vapilly e¢ieet the
assesbly from the core. This iacident represents tie mo0st rapid reactivity
insertion that can be reasonably postulated. The valucs used in the FSAR and
densification report at B0L conditions of =1.17x10" ° k/k/F Doppler covtficient,
«).sxm"* W/R/T moderator temperature cocfficient, and vieited rod wortn of
F.50° “k/k represent the maxinus possible transicat.  The corresponding cv.le 3

parasetric values of =i.n0x10" "k/&/F Doppler and =0.39x10" " “k/k/F moderat. r



temperature covfficient, both more negative than those used in reference &,
and a caxioum predictid ejected rod worth of 0.25% ‘k/k ensure that the results
will be less severe than those presented in the FSAX and densification report.
.12 Maximun kypothetical Accident

There is no postulated mechanisa whereby this accident can occur,
since this would require a multitude of failures in the enginecred safeguards.
The hypothetical accident is based solely on a gross release of radioactivity
to the reaccor building. The consequences of this accident are independent
of core loading. Therefore, the results reported in the FSAR are appiicable
for all reloads.

7.13 Waste Gas Tank Rupture

The waste gas tank was assumed to contain the gaseous activity
evolved from degassing all of the reactor coolant following operation with 12
defective fuel. Rupture of the tank would result ia the release of its
radioactive contents to the plant ventilation systes and to the atoosphere
through the unit vent. The consequences of this incident are independent of
core loading and, therefore, the results reported in the FSAR are applicable
to anv reload.

1.1%

L AUCA Analysis

A generic LOCA analvsis for B&w 177 FA lowered=100p NSS has been
performed using the Final Acceptance Criterias FCCS Evaluation Model. Thais
study is reported in BAW=10103 (reference 10). The analysis in BAW=1J14u3
15 generic in nature since the limiting values of ke pararcters for all
plants 1n the category were used. Furtherzsore, the average tuel temperature
as a function of the linecar heat rate and the Jifetime pin pressure data
used in the BAW=10103 LOCA limits analysis are conservative compared to
those calculated for this reload. Thus, the analysis and the LOCA limits
reported in BAW-10103 provide conservative results for the operation of
Oconee [, Cvcle 3.
Table 7.14-1 shows the bounding values for allowable LOCA peax

lincar heat rates for Oconee 1, Cycle 3 fuel.



IABLE 7.1-1 Comnariscn of Kev Para=eters for

Accident Analvsis

Yarameter
— 8

F5AK &

Densification Report Va

Doppler Coefficient, BOL
s EOL

Moderator Coefficient, BOL
EOL

All Rod Bank Worth (HZP)

Inftial Boron Concentration

Bovon Feactivity Worth

Max. Elected Rod Worth (HEP)

Drepped Rod Worth, H¥P

=L 7x107 2k s/ ¥
~1.33x107 2 i sk /

+0.5x10_, a/k/F
=3.0x10"" 1x/k/F

Lo

10.0%2%/k

1400 pp=

75 ppE/ 1Tk /k

0.50% %% /k

0,56 "k /k

Pft‘&il\ tegd
Cvcle 3 Value

~1.60x1072 47y, F
“1.62x10 2 u/u/F

0.89x10" " x/k/F
=2.42x10" "k /k/ F

9-". ‘W
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Table 7.14~1 ALLUUARLE LOCA 15°% LINEAR BZAT RATE

Allowable Peak Lincar

Core Flevarion, fr. Heat N.te, kL/ft
2 13.5
4 16.6
6 18.0
8 17.0
10 16.0
7-8
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4.  PROPOSED MODIFICATIONS TO TECHNICAL SPECLFICATIONS

The Technical Specifications have been revised tor <vcle 3

operation. The changes made are as a result of:

{1} The use of a 93/95 confidence level rather than 99/95 as
discussed in Section 6.1.

(2)  The increasce in range of applicability of the 38W-2 CHF
correlation as discussed in Section 6.1.

(3) The use of the Final Acceptance Critecia LOCA analvses
for restricting peaks during operation as discussed in
Section 7.14.

(%) A revision to the assumptions upon which the tlux/flow
RPS setpoiat is based. This setpoint now accounts for
siunal noise on the basis of data accumulated trom

operating BaW reactors,

dased upon the Technical specifications derived from the analvses
presented in this report, the rinal Acceptance Criteria ECCS lirmits will not

be exceeded and the therral design criteria will not be violated.
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9. STARTUP PROGRAM

The planned startup testing associated with core performance are
provided below. These tests verify that core performance is within the
assumptions of the safety analysis and provide the necessary data for continued

safe plant operation.

Pre-Critical Tests
I. Control Rod Drive Trip Tinme Testing

Zero Power Tests

1. Critical Boron Concentration

2. Temperature Reactivity Coefficient
3. Control Rod Group worth

4. Ejected Rod Worth

Power Te sts
l. Core Power Distribution Verification at Approximately <0,
75, and 100 FP Normal Control Rod Group Configuration

L
.

Core Power Distribution Verification at Approximately Ul

FP With Wors. Case Dropped Rod Fully Inserted

3. lncore/uut-of-Core Detector Imbalance Correlation Veri-
fication at Approximately 755 FP

<. Power Doppler Reactivity Coefficient at Approximately 100%Z FP

>. Temperature Reactivity Coefficient at Approximately 100 FP
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