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e INTRODUCTION AND SUMMARY

s report describes tne basis to fustity operation of the Oconee
wuciear Stacion, Uaite ly C¥iie 2 at 2he rited core power of 25h8 Mat.
fncluced herein are the regaired analvses including tuel densification
Citects oad revised ECCS (FACS vriteria supporting the feCeSsSary revi-
i to the Technical Specifications ass wilated with cvele 2 vpera=
tion.

In iy 1973, Baboows & Wileox fifed non proprietary topical re-
Port BAR=LoS (Reve 1), "Fuel Densitication Report,” which describes
thive nethods used in analyzing fuel densification effects,’ and 3aw-] 158
(Reve 1), Oconee 1 "Fuel Densizication Report.™ Biw=l is% utilized the
Teihods described in BAW=10033 and supporied the cperation of the cvele
I of Oconee 1| at the rated €OFe power of 2568 MWt. An additional re-
Port, BAR=10079, "Operational Paramacters for Baw Rodded Plants,” filed
in October 1973, set forth the COFE eperating parameters for BaW rodded
Piants and outlined tiw iy sis used to ceternine plant operating
restrictioas owing to poestulated effects of fuel densitication.,

The calculationa! metheds and Procedures used in the Arkansas and
SHUD “Classification and Selestive Loadinz™ letter reports (Decembhe -
1973) were used to determine the as=built fuel linear heat rate capa-
bilities and as a puldeline for fuel placenment. *

This report emplovs (he analvtical techniques and design bases
oestabnlisbied in The Feperts @i ted oo Loosupport ovele 2 operation
Of Geonee 1 oat 2568 Mwe.

A brief summary of cvele 1 and < feactor parameters that are re-
lated to power capability (similar to those in the FSAR) is included in
this report. In those cdses where cvcle 2 characteristics proved to be
conservative with respect to those analvzed for cycle 1 Jperation, no
new analvsis was conduct ed. Ia several instances, credit for new techno-
logy and operating experience, where applicable, have been emploved to

provide increased design marzin.
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Based on the analyses pertormed, which take into account the pos~
tulated effects of fuel densification and the Final Accepiance Criteria,
it has been concluded tnat Oconee 1, cycle 2 can be safely operated in

the proposed manner at the rated core power level of 2568 Mwr.

1=2 Babcock & Wilcox



2. CORE DESILIGN

2:1. Introduction

Uconee 1 achieved initial criticality on Spril 19, 1973, and power
generation commenced on May 4, 1973. The 100% power level of 2568 Mat
was reached on Nove=zber 8, 197). Control rod interchanges were performed
at 92 and 196 effective full-power days (EFPD). The design fuel cycle
of 310 EFPD is scheduled for completion in the latter part of October
1974.

Operation ot cvele 2 is scheduled to begin in early December 197,
The design cycle length is 290 EFPD with one contrel rod interchange to
be performed at approximately 50 EFPD.

-
-

2. _Description

The Oconee ! reactor core is described in detail in section 3 of
the Oconee Nuclear station, Finsd Satety Anaivsis Report.

The evele 2 core consists of 177 Fuel asse=blies, each of which
is a 15 by 15 array containing 208 fuel rods, 16 control rod guide tubes,
and one incore instrument guide tube. The fiel rods nave an undensified
noainal active length of 1344 inches. The cladéing is cold-worked Zirca-
Joy=4 with an 0D of 0.430 inch and a wall thickness of 0.0265 inch. The
fuel consists of dished end, cylindrical pellets of uranium dioxide
which are 0.700 inch in length and 0.370 inch 1n diameter (see Table 2-1
for additional data).

Figure 2=1 is the vore loadinyg diagram for Oconee 1, cvecle 2. The
initial earichments of batches 2 and 3 were 2.10 and 2.15 we Z * ' U re-
spectively. Batches 4A and 4B are enriched to 2.60 and 3.20 wt 2 - ' U,
respectivelv. All of the batch ] assemblies and 20 of the batch 2 as-
seml.lies will be discharged at the end of c¢vele 1. The remaining batch
2 and 3} assemblies will be shutfled to new locations. The batch 4A as-
semblies are inserted in rhe center core location and on the major axes.
The batch 48 assemblies will occupy the periphery and one location on
cachr of the major axes and diagonals.

Babcock & ‘Wilcox
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Feactiviey control is supplicd by 6] tull=lersth Ag=In-Cd control
Fods and solunle boron shime  In addition to the :all=length consrol
FORs, cdaht jartial lemuth coatrel rods are provicges tor additioaal con-
trol of axial power distribution. (ae locations of the 69 contrel rods
ar< indicated oa Figure 2-2.

The svaten pressure is 2200 psia, and the uvndensiticd wominal heat

rale s 3.05h ¥alt: at the ratued core power ol 256= a~l. These values

afe tne same as fe. ovole 1| operation.
=:de _Core Physics

Table 2-2 compares the core physics parameters of cycles | and 2.
The values tor both cveles were generated using P07, The cycle 1
values also refiect application ot data from the Ucence | Startup Report.
Sl e the cofe aas not vet evached o9 cquilibriung v teg ditterences in
core prysics paraseters are te be expected between the eveles.

The shorter cyvcle 2 will produce a smuller cvele Jdifferential
hurnup than that tor the eyele 1, although the lower batch 4 loading
(atl) will result in a slightly higher burnup per LRPD o! operation
("Wd/ et U-EEPD) . the acoummlated avetage core burn i will be higher in
the cvele 2 than tor ovele 1 Secause of the pPreseace o! the once=surned
baten 2 and 3 fuel. Figure =3 illastrates o renresentative relative
Power distribation tor the bezinning of the second vrvele at full power
with equilibriuz xenon and acrmal rod Positions,

iae critical boron concentrations for ¢vele 2 are lower in all
Cases than tor tae eycle 1. The control rod worths for hot fuli power
(Jue to chankes in radial tlux distributfon and isctopics) are somewhat
less Than those tor ovete | (at BOL), although they are sufticient to
maintain the required shatdown margin, as indis ited 1a Table 2=-3. The
Stuck rod and elected rod worshs are slightly nigher than tor cvele 1.
wOeoadverse sat oty aaplications are associated with these higher worths
SARCE The proevivas satety malvsis assumed an ciected rod worth well in
vReess of the values caloulated tor oo le '3 the dgequae Y ot the shut=
down margin with (yole 2 stucs rod wortns is demonsteated in Table 2-3.

The cvele 2 power deficits from hot zero power to hot full power
drfe hizher than those for cycle 1 due to a more nedat ive moderator co-
etflcient in cvcle 2. (he power boppler coetficients in both cveles

are nearly cqual.

re) Babcock & Wilcox



the ditfferential horon worths and total xenon worths for cvecle 2
are lower than tor cycle 1 due to depletion of the fuel and the associated

bufldup of tission product s,

sefd. tore loading Batch o tael

— - -

The batch 4 tuel asseanlies will be loaded as shown in Figure viod
As~built dute have been used 1o easure clighth-core svemet ry in U
loading. Also, fuel assesblies with higher ~ ' U loadi: ¢s will be placed
in locations of Jow Powuer deasity to minimize power peaking.

As specitled in the Nuclear Analysis scetion of this report, a
CO.15 kiW/tt fuel meit linit has been employed in calculatiog the reactor
protection syvstem (RPS) setpoints. This value is the Saze as that used
in the cycle 1 analvsis. Hased on as=-built data, all batch 4 assenmblies
Aeet or exceed this criterion €xcept for three assemblies that have been
assigned a maximum linear pPower rating of 20.02 kW/ft. These assexmblies
will be placed in ore locations that will have maximum heat rates less
than 15.3 kW/ft in cycle 2 ynd less than 19.8 kwW/ft in cycle 3 to main-
tain adequate fuel melt margtns. These values have been calculated
conservatively with respect to he calculational method used in the

Arkansas and SMUD Classtiication and Selective Loading Reports"-.

In addition, dassembly 106l will be placed in core location D-14
in conjunction with B&W's continuing prograa to evaluate fuel perfor-
mince. Contained in one fuel rod Ol asscmbly 1Dbl are three ceramic
spacers which simulate fuel densitication gaps. The proposal to insert
this special dsseably futo Ocunce Unit ) has been described in a letter

(6/18/74) to Angelo Giambusso, USAEC.
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cable 2=1,  Shutdown Margin Calculation
Uconee ), Cucie 2

1. Available R d Worth

fotal rod wortnu, HFpee

korth reductions
Foison material burrup
HEP to HZP
tuce rod wortn (HZP)
et

107 uncertatnty

de aotal avalianie rod worth

Je.. Fxquired Rod Worth

-

Power defiche, #5FP to HZP
Inscerted rod worth, HZP
Flux redistribution

a. Total required worth

Shut own Margin (la =~ 23)

*For shutdown =arzin calculations this is defined as

20,30

10.1%
8.5}
2593

EXT

0.n0

—

1.3«
:.05
0.40
2.79

2.59

L9
.29
1.0

.m4

| Y

~265 FPD, the time

4t which the transient coatrul rod (7) begins to =ove cut of the core.

A2 FP denotes Hot, Full Power
HZP dJdenotes tot, Zero Puwer

2-6
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Figure 2-3,

BOC, Cycle 2 Twc-Iizensional Relative Power
Distributica - Fuil Power, Ecuilibrium Xecer ,
Normal Roé Pesitiens (Groups 7 and 8 Inserted)
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. PLRFORMANCE ANAL:ISIS

ONBR = Lwesign linitations tor cvele 2 operation were 1.55
(EN8=2) nininun ONBR at reference design conditions with vent valves
cosed and 1,32 (BAW-l) minimum UNBR on the P-T envelope with one veat
calve open.,

Central fuel Melt - Limitations on the linear heat rate
sufe established utilizineg full :uel deansification penalties. This re-
caits in 2 mininum lizear heat rate capability of 20.15 xx/ft for unre-
stricted loading.

Pressure-Terperature (P=1) Envelope — Modifications to the
=1 emnvelope were required to Teet the design DSBR limitstions for the

a=l vorrelation under the assuBed worst=case densified vonditions.

“. Cuna Povaer 1‘2.&\' Mode |

P power splike model atiiiand in this analvsis is ident i=
1. T Lhat prescnited .nn BAle' ot Tor two moditications. The

= ziticat ivns have Boen applied to F, ami Foo “hese probabilitices

ioe bdeen Changed to roeilect L Mitional duta fres operating reactors
STAt SURPOTE O sO0Zehial Jifterent approach and vield less severe penal-
Sivs due L0 power splecs. F | owas changed tron 1.0 to 0.5, F, owas

NECd TreM G Luasslan Sistribation o a liacar distr.but:on, which
Totavots a decreasing irequency with increasiog sap sfze.
The maxi=um gap size versas axial Position 1s shown in
Tidure Jel, und the power spike tactor versus axial POSITion is shown
3 Flaure 3=J.  These tigures also show the initial and tinal theoreti=-

<al densities (I, 1DF) used in the calculations,

i=1 Babcock & Wilcox



3.1.3. DNER Analvsis

The DNBR analysis utilized the B&w-2 CLF correlation and
the actual operating Primary system flow. The B&W-2 CHF correlation is
A4 more realistic prediction of the "burnout” phenomena and has been re-
viewed and approved for use with the Mark-B fuel asserbly design (BaW-
10000%). The actual primary system flow (107.62 of design flow) has
been verified as noted in reference 5. Utilization of the BiW-2 CHF
correlation and the actual primary system flow provide a more Accurate
prediction of DNBR margin in the core.

In addition to the maximum design conditions considered
in the FSAR, the effects of fuel densification on DNBR were taken into
account. As input to the DNBR aualysis for the batch 4 fuel, the mini-
mum lot average density and the densified as-built stack height were
used, Using this input and the corresponding power spike, the most lim-

iting DNBR conditions were calculated.

The axial flux shape that Rave tne maximum DN3R change
from the original design value was an outlet peak with a core vifset of
st 0 b The SPiee magnitude and the maxinus 2ap size used in the
analysis are .07 and |.vn tnches, respectively., These two viteuotls results
I, =5,4 and =30 changes in ninimum hot channel DYBR o Puasing mure
gin, respectively,

In addition, all fuel assembly water channel spacings were
measured and each assembly was evaluated as to its DNBR capability. Any
penalties incurred were accounted for in the thermal, nuclear, ind safe-

ty analyses.
J.1.5.  Fuel Temperatures

The : inimum capability with respect to linear heat rate of
the fuel is 20.15 kWw/ft. The basis for the analvsis utilized is given
in BAR=10055' and BAW=-10044" with the following additional modifications:

l. In the equiaxed zone, 37 porosity is assumed but is not
used in the calculation. That is, the input value for fuel density is
used and therefore no credit is taken in the culculation for iacreased

thermal conductivity of LO. for the higher tuel density.

3-2 Babcock & Wilcox



2. The option in the code tor no restructuring of fuel has
been used in the analysis presented here in accordance wit*> AEC's inter~

im evaluation of ITAFY.

3. The calculated Rap concuctance is ‘educed by 254 by the

code, also in accordance with AfC's interi= evalua fon of IAFY.”

Al! fuel lots were inspected for average and LTL density and diameter
values. Each lot was then evaluated as to i1ts limiting linear hea* rate
in accordance with reference 4. As a result, three assemblies will he

selectively loaded as described in section 2.4,
{;inz._§9==“fi

This analysis assumes that densification and associated
phenomena will affect the hot channel, which has the most liziting ther-
mal-hvdraulic characteristics in the core. In addition, the power spike
is assumed to be located at the hot channel position that minimizes the
DNBR. The resuitant 5.42 DIBR loss, or 3.02 reduction in power peaking
rargin, will be compensated by changes in the Technical Specifications,
S0 that the plant can runction at rated power without violating the ini-
tial design critcria for DNBR and/or fuel zelting.

Tadle 3-1 compares thermal-hydraulic operating conditicns

for ¢vcles 2 and 1.

3.2. Nuc'ear Analysis

. —— o — -~ ——

The RPS power/imbalance limits (DNBR and centerline fuel melt pro-
tection) and the operarjional !imits (administrative LOCA kW/it controls)
have been established for cvcle 2 operation according to the methods and
procedures described in BAW-10079° snd Baw-1388-, Following is a summary

of (ycle 2 design parameters utilized in the analysis:

. Parameter inl = = Cycle 2 value
Fuel melt limit, ww/ft 20.15
DNB peaking ma-gin penalty due to densification, X -3.0
Uverpower, I of 2365 Mwt 112
Densified nominal heat rate at 1002 power, ww/it 5.80
Power spike factor Figure 3-1
Nuclear power peaxking uncertaintv 1.075
LOCA limit, kw/ft Figure 3-8

3-3 Babcock & Wilcox




The power peaks resulting from c¥cle I operation were examined.
The plant can operate at rated power without exceeding DNBR, fuel =elt,
and ECCS criteria by adhering to the linmits specified in Figures 3-3

through 3-7.

3.3. Safety Analysis

3.3.1. General Safetv Analysis

The significant cffects of fuel densification were identi-
fied, and the effects on the safety analysis were reported in BAW-] 3R8<,
This detailed analysis showed that no safety margins that previously ex-
isted were jeopardized by the postulated effects of densification.

It was further established that the limiting transients
were the rod ejection accident and the loss of coolant flow. Table 2-2
shows that the ejected rod worth for cycle 2 (0.32%) will be much less
than the rod worch used in BAW-13%5(0.502). In addition, the moderator
and Doppler coeificients ot reactivity are more favorable than those
used in the previous analysis. Therefore, it can be concluded that the
rod ejection accident will result in conditions no more severe than pre-
viously reported. The loss-ot-coolant=flow t/pe accidents (LOCAs) will
be less severe than previously reported since the initial DNBR will be
higher.

As shown in Table 3-1, the initial DNBR at the o' crpower
of 1142 of rated power for cycle 2, batch 4, is much higher usii g the
measured flow of 107.6% and the BAW-2 correlation. " ** Thus, the “ran-~
sient results for cycle 2 fuel will be less severe than or €qual to the
results reported previously.

The peaking values are consistent with the discussion

presented In section 3 of BAw-1jxs<.

3.3.2.  LOCA Analvsis

A generic LOCA analysis for B&W 177-fuel assembly nuclear
Steam systems with lowered steam generators has been performed using the
Final Acceptance Criteria ECCS Evaluation Model and is reported in BAW-
100917, That analysis is generic in nature since the limiting values of
key parameters for all plants in this categorv were used. Thus, the anal-

ysis provides conservative results for operation of Oconee 1.

T3 Babcuck & Wilcox



Portions of the LOCA analysis nave been repeated for Oconee
l using specific parameters associated wits the Oconee 1 plant and cvele
2 fuel. The »urpose of this re-analysis wis to reduce sc=e of the over-
conservatisms trom the generic amalysis, milv the 2= ind 4-foot eleva-
tions relative to the bottom of the core w=Te reexamined.

At the 2-foot elevation, an explicit evaluation of the
LOCA limiting peak linear heat Fate to maictain the peak cladding tem-
perature below 2200F for fuel batches 2, 3, and 4 (which constitute cy=-
cle 2 fuel) was perforsed. The results show that the licits are 16.0,
16.0, and 17.0 kw/it for batches 2, 3, and <, respectively.

At the 4-foot elevation, fuel batches 2 and 3 were eval-
uated for a peak linear heat rate of 17.5 ««/ft; the results show that
the peak cladding teaperature is less than 2200F. Batch 4 was not ex-
anined at 4 feet since the stored cnergy in the fuel for this batch is less
than that for batches 2 and 3 and therefore would result in a lower peak
cladding temperature than for batches 2 and 3 at the sa=e linear heat rate.

Figure 3,3<8 shows bounding curves for allowable LOCA peak
linear heat rates for cycle 2 fuel, f.e¢., fuel batches 2 and 3 and the

relcad batch, 4.

J.4. Mechanical : lysis

R et . e s Al

Cladding strain due to tuel pellet irradiation growth was calcu-
lated according to the procedures outlined .n 84W topical report, BAw-
10055°. Results for the batch 2 and 3 assemblies remaining in the core
for the cycle 2 have been reported in BAW-138<-. These results indi-
cated that cladding strain after three cycles was less than the 1% stra'n
limit. Analyses of the batch & tuel through three cvcles of operat fon
resulted in a claddinz strain or 0.52%, wihich is well within the 12
strain limit. Input toc the bateh & analysis included applicable as-
built data on cladding and fuel pellet dimensions and a peak pellet burn-
up of 42,181 Mwd/mtl. Conservatisms in this analysis included a minioua
pellet-to-cladding 24P, 3 maximum pellet density greater than 96.5%, and
pellet thermal expansion equal to that at the fuel-melt power limic,

Predictions of cladding collapse into an axial Bap were made using
the CROV computer code described in the BaW topical report BAl'-10N84. Y-

The analysis assumed that densitication could occur in two ways — at the
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beginning of life or over a 2400-hour period,

ihe second assumotion Pro-

duced higher cladcing temperatures over the 2400=hour period and the most

conservative results,

aininum cladding wall thickness, maxizun initial ovality,

Other conservatisms used in the analysis included

a decrease in

the prepressure level at BUL, no fission gas release, and severe burnup

and radial peak histories over each of the cveles.

for tize to collapse as a result of this analysis fou

batches

ihe predicted values

2 and )

were reported in the letter report, "Ovonee | Cladding Collapse," August

1974,

The most conservative results (densification occurring ia 2400

hours) indicated a time to collapse of 25,650 hours as opposed to a three-

cycle residence time of 21,500 hours. The

that collapse will occur at 29,990 EFPH of

operation.

results for batch 4 predict

This corresponds

with 2 projected burnup of 37,800 Mdd/mel, whereas the expected three-

cycle burnup and exposure time for bateh 4
EFPH.

Table VUperating Conditions

Power level, Mat

System pressure, psia
Reactor coolant flow, - FSAK design flow

Ref design radial-local power peaking facrtor
Ref design axial flux shape

CHF correlation

Minimum ONBR (max design condit ions,
1142 power, no densification effects

Mechanical hot channel factor on
enthalpy rise (Fq)

Mechanical hot channel factor on local
surface heat flux (Fa)

Densification penalty, 2
DNBR margin
Power peaxing margin
Power spike at outlet

Linear heat rate to central fuel melting
(Class I fuel, AEC restrictions), kW/ft

3-6

is 27,751 Ma&d/mtU and 21,500

Lycle I Cycle 2
2568 2568
2200 2200
100.0 107.6
1.78 1.78

1.5 cosine
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1.011

1.014
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figure 3-1. Vaxizus Gap Size Vs Axial Fosition
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. CONCLESTONS

P analvsis cocunented o this report was pertorsed using penaltics
r tuel dersitheat fon and methods and procedures that have been accepted

oy the USAEC. Cyele ! operation at rated power has been shown to be con-
Sistent with the thermal design criteria and LOCA kW/ft limits. An a=aly-
sis of cladding creep=coilapse pertormance in accordance with reterence 8
s shown that no cladding collapse will occur during three cycles of op-
vration.

Sased :pon the Teckrnical Specifications derived from the analyses

prescented in thiec repert, the Final Acceptance Criteria ECCS limits will

nct be exceeded, and the thermal design criteria will not be violated.
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