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L. INTRODUCTION AND SUMMARY

This report justifies the operation of the third cvcle of Jconee Nuclear Sta-
tion, Uaflt 3 at the rated core power of 2508 Mat. Included are the required
mnalyses a8 outlined {n the USNRC docuaent "Cuidance for Proposed License

Asendaents Relating to Refueling.,”™ June 1975.

To support cycle 3 operation of Oconee Unit 3, this report employs analvtical
techniquen and design bases established in reports that vere previously sub-
aitted and accepted by the USNRC and i{ts predecessor (see references).

A brief summary of cvcle 2 and } reactor parameters related to power capability
ts inciuded (n secticn $ of this report. All of the accidents analyzed in the
FUAR have been reviewed for cvcle ) operation. In those cases where cycle 3
characteristics provel to be conservative with respect to those analyzed for

‘vele 2, no new anal' «es were performed.,

The Tecnnical Speciiications have been reviewed, and the modifications required

tor cyclz ) operation are justified {n this report.

Based on the analyses performed, which take {nto account the postulated effects
of fuel densification and the Finil Acceptance Criteria for Emergency Core Cool-
ing Systems, {f has been concluded that Oconee Unit ), Cycle 3, can be safely
operated at the rated “ower level of 2568 MWe.

1-1 Babcock & Wilcox



2. OPERATING HISTORY

The rolerence fuel cvzle tor the niclear and thermal-hvdraulic analvses .f
the O¢ nee Nuclear Stazion, lnft 3, (s the currently operating cyclie 2. Cycle
L was terminated after 478 EFPD of operation. Cvele 2 achieved inittal crit-
icality on November 7, 1976, and power escalation commenced on November 10,
1976, The 100X power level of 2568 MWt was reached on November 21, 1974.

The fuel vvcle design length is 282 EFPD. No operating ancmalies occurred
during cycle 2 operation that would adversely affect fuel performance in cy~
cle 3.

21 Babcock & Wilcox
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}. GENZRAL DESCR.IPTION

fe conee Loit ) reactor Cofe 13 fescribed ir fetail in Chaster § of the Uniz
} FSAR.' The cycle ) core consists of 177 fuel assed iles, #acn of wnich is a
L3 hv 1S arrav contatning 298 fuel rods, I% contrsl rd 2uide tubes., ind 'ne
incore instrusont Juide tube. The fuel rod ciad2:ing :s -old-worked Zircalcvee
wild an D af N.e30 inch ond & wall thickness of J.0)65 faca., The fuel cone
siota of dlibed=end, cvlindrical peliets of urania s.ocide which are 0.170
inch in diaseter. (See Table «-1 {or additicnal 2ata.) ALl teel Assembliey
0 ocvele J maintain 4 constant nominal fuel loading st «8).% g of uranium.
The undensified noviinal active fuel lengths and thecrettical densitivs ATV De=

feren bitches, hovever, ind these values are Riven i3 Table &-1.

Ficure 3=l ts the core loading diagram for Oconee J. cvcle 3. ALl of the

SAtcn o assemdlies will be discharged at the end of .vcle 2. Five onCe=urnes
Satch 1 assemdlies, with an (nitial enriciment of 2.00 wt ° iU, wil! be re~-
+ded 1nto the central portion of the core. Bat:inhes 3, <, and <A - with ing=-

4
-

tisl enrictments of 3.00, 2.5), and 2.64 wt % - Je respectively - will bhe

shuftled €0 new locations. Batch 5, with an initial esricment ot 3.02 we %
T, will occupy primarilv the core Periphery and eight interior locatiuns.
Flaure 3-2 (s an eighthecore BAD SNOWLINg the assemdiv durnup 4nd enrichment

distribution at the beginning of (ycle J.

“eactivity control {s supplied by 61 full=length Ag-In-Cd control rods and
soluble boron shia. [n addition to the full-lengzh coatrol rods, eizht par=
tial-lengtn axial pover shaping rods (APSRs) are srovided for addittonal con-
trol of axial power dist~‘hution. The cycle J locatiocas of the #9 control
Tods and the group designations are indicated (n Figure 3=3). The core .ocae-
tions of the total pattera (89 control rods) for cve.e 3 are :dentical to
those of the reference cycle indicated in Chapter J of tne FSAR.' However,
the group designations differ detween ccle ) and the reference cvele to maini-
Bize power peaning. Nelther control rod interchande nor 2urnasle polson rods

4re necessary tor cvcle 3.

3ol Babcock & Wilcox
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Filaure J=2. fnrit@ment and Burnup Liatfibetion fur
Jounee 3, Cicle }

s v 19 ¥ 12 ) i 14
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0 18,351 8,718 27,522 ?2.5%7 : 26,151 0
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&, FLEL SYSTEM DESIGS

e . Fue' Assemhly Mechanical Design

The types of fuel assemblies and pertinent {rel desiga parameters and diven-
sions tor Oconee 3, cycle ) are listed in Tadie «=i. The “resh fuel issen~
bliss (batch 5) (ncorporate minor des i wdificationg to the spacer rid
corner cells to reduce spacer grid interactice suring handling. In addition,
ingroved test sethods (dvnasic (=p3ct testing) siow that the spacer (rids have
a2 higher selsmsic cepability and thus an Increases safely 234rgin over the val-

use reported in reference 3.

All other results, references, and identifiled conservatisms presented in the
stevicus Oconee ) reload resort” (secsion <.l) are applicable to the cycle 3

teload core.

«.s.  Fuel Rod Design

+.2.1, Cladding Collapse

Creep collapse analvses wvere performed for thrie-cycle assc=bdly pover hils~
torles. Batches ) and & were analyzed using as->.1lt data. The batch ) fuel
is more listting for cladding collapse due to .2s previous Lacore exposure

tine.

The ssembly power history {or the most limiting sssembly vas used to calcu~
late the fast neutron flux level for the energy ramge above 1 MeV.,  he col=-
lapwe time for the most lisiring assembly wvas coeservativelv deternined to be
sore than 30,000 EFPn (effeccive full-pover nours;, which is longer than the
saximum three-cycle design lives (Table 4=1). The creep collapse analvses

vere performed based on the conditlions set forsa ia references 2 and ..

Pabhovabs o W ilaa.w



ceooa., Cladding Stress

The Oconee )} SITessS Taramwters are emveloned bv a conservative tuel rod stress
analysts. For Jesign evaleation, the prizary msembrane stress =ust be less
chan two=thirds of the =ia:=um spediiled unirradiated vield strenxth, and all
stresses =ust e less Than the aiaiza specified unirradiated vield streagth.
{n all cases, the marg:in i{s in excess oI 36%. The following conservatisas

vith respect to Oconee J fuel were coed in the analvsis:

1. A lower post-densitication internal pressure.
2. ' lower initial pellet density.
3. A higher svstem jressure.

4. A higher ther=al <radient JCross the cladding.

+.2.3. Cladding Strain

vhe fuel design criteria specify a liait sf 1.0% on cladding plastic circua~
ferential strain. The pellet design is established for plastic cladding
stratn of less than 13 at values of saxisus design local pellet burnup and
heat weneration rate, which are considerably higher than the values the Oconee
| fuel is expected to see. This will resuit in an cven greater =argin than
she analysis demonstrated. The sirain analysis is also based on the maxizus
Specitication value tor the fuel peilet diameter and density and the lowest

permitted Specification tolerance f-r the cladding ID.

“.). Thermal Desizn

All fuel assemblies i1n this core are thermally similar. The fresh baten 5
fsel iaserted for cycle 3 operationm iatroduces no significant differences in
fuel thermal performance relative to the other fuel remaining in the core.
T™he design minimum linear heat rate (LMR) capability is 20.15 kw/frt, as shown
in Table 4-2. LHR capadilities are based on centerline fuel melt and were
established using the TAFY-] code- with fuel densification to 96.5% of theo-

retical density.

4.3.1. Power Spike Model (Densification)

The power spike aodel used for cvcle ) analysis is the samc as that used for
cyvcle 2.7 Figures 4=1 and 4=2 show the maximum gap size and power spike fac-
tor, respectively, versus axial positioa. The power spike factor and gap size

were sased on unirradiated batch 4 and 5 fuel (94.0% TD) with an assused

- Raheock & Wilcox




enrichaent of 3.0 wt 2 50U, These values are conservativelv hizh for natch

1 und ) tuel.

. 3.2, Fuel Temperature Analvsis

= srmal analvsis of the fuel rods assuded in-reactor densification to 35.53
theoretical densitv., The analvtical sethods utilized are the sale as those
documented in reierences 2 and & fer cwcle 2. The average tfuel tempPeratures
showr in Table <=2 ure taken trom the analvses used o deline the LHR cana-
bility for the ftuel."*" These analvses were bSased on the luwer tolerance liz-
it of the specitication fuel density and se.ed isotropic diametral shrinkage

and anisotconi. axial sarinkage (consis it reference 7)) resuiting from

fuel densification.

4.4, M oterial Design

The batch 5 fuel as mblies are not new in concept, nor do they utilize dif~-
ferent component materials. Therefore, the chemical compatibilicy of all
possible fuel-cladeing-ccolant asseably iateractions for the bactch 5 fuel as-

sembllies are ilentical to those of the present fuel.

4.5, Operating Experience

B4w's operating experience with the Mark B8, 15 by 15 fuel assemblv desiga has
verified the adequacy of this design. As of April 3O, 1977, the following op~
vrating experience has deen accunmulated for the seven Baw l77-fuel assemdly

plants using the Mark 8 fuel assembly:

Max assembdliy Cumulative
Current Surnup, net electrical

Reactor cvele Mad/acl outut, Mah
Oconee 1 3 25,400 16,742,549
Oconee 2 2 25,900 12,919,680
Oconee 3 2 23,400 12,130,627
™I-1 2 <6,200 13,306,C85
Arkansas One d 20,700 9,826,476
Rancho Seco 1 15,400 6,040,979
Crvstal River 3  § 1,000 575,364

fat Babcock & Wilcox



Table «=1. Fuel Design Parazeters and Dizensions

Twice~ 2
butnsd Once-burned FAs R Fresh
FAs, Batch FAs,

Satch ) Batch | Batch 4 SA batch S
FA type Mark 83 Mark B3 Mark Be Mark Bs Mark Be
So. of Fas 60 5 52 . 56
fuel rod 0D, {n. 0.430 0.430 0.430 2.430 0.530
fuel rod I7, in. 0.377 0.377 0.377 2.377 0.377
Flex. spacers, type Spring Spring Spring Spring Sgring
Rigid spacers, tvpe Trew Ir=s 2Zr=4 s 20 Zr=<
"ndensif active fuel 142.0 152.0 142.23 £42.23 142.25
length (nominal), in.
Fuel pellet initial 95.5¢® 95,58 940 94.0 94.0
density (nom), 5 TD
Fuel pellet OD (mean  0.3680'%7 0.3680'*7 0.3695 0.3695 0.3695
specif), in.
Initial fuel enrich, 3.00 2.01 2.5 2.6% 3.02
wt & ¢ e
BOC burnup (avg), 21,766 14,320 7,881 7,043 0
Mad/atl
Cladding collapse >30,000 >30,000 >30,000 >30,000 >30,000
time, EFPH
Design life, EFPH 24,888 18,120 20,928 20,928 »21,1464
(a)

Nominal values after resintering.

Rahecark ¢ Wilrne



Table <=2, wl Thermai Analvsis Parameters

Satch 1 Batch ] Batch & 8atch S
Ne. of assemblies 5 60 56 36
taitial denstey, % T 95.3 95.5'* 9.2 94.0
Pellet diameter, in. 0. 3682 0.1680°%?  0.1695 3. 3495
Stack height, in. 151.0 161.0%)  122.2 122.2
Densified Fuel Parascre:s‘b,
Pellet dlaneter, in. 0. 3649 2.3849 0. 3646 0.3656
Fuel stack height, in. 140.2 14G.3 1<0.5 1<0.5
Nominal LHR at 2548 5.80 5.80 5.280 5.80
Mat, kW/ft
Avg fuel temp at nomi- 1310 1305 1320 1320
nal LHR, F
LHR capability (center= 20.15 20.15 20.15 20.15

line fuel melt), kW/ft

(‘)%outnal values after esintering.

5
. 'Denstﬂcauon to 9o, TD assumed.

P Rahenck & Wilenx
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5. NUCLEAR DESICN

5.1. Phvsics Characteristics

Table 5-) compares the core phvsics parameters o .7o.es - and J; the valges
for both cycles were generated using P07, Since the core has not vet reached
i equilibrium cvile, differences (n core physics puarizZelers are s S¢ expected
between the cycles. The shorter cycle 2 will produce a ssaller cvcle aiffer-
ential burnup than cthat for cycle ). The accumulated averale core bdurnup will
be higher in cvcle J than in cycle 2 decausz of the presence of tne once-burned
bartch 1, 3, &, and 4A fuel., Figure 3-1 {llustrates a representative relative
power distribution [or the beginning of the third cvcle at full pover with
¢equilibrium xenon and normal rod positions.

The critical boron concentratins for cycle J are hizher than for cycle 2 Su-

cause of 3 higher feed enrichment, different rad.al power distridbution, e%c.
As indicated (n Table 5-2, the control rod wortas are sufficient 2o maiatain
the required shutdown margin. However, due to changes in isctopics and the
radfal flux distridbecion, the BOC hot, full-power comtrol rod worths are gen-
erally less than those for cycle 2. The cycle 3 elected rod worths are lower
than those in cvcle ! for the sase nusber of regulating banks inser:ied. It (s
diificult to compare values betw en cycles or detween rod patterns since
neitner the rod patterns {rom vhich the CrA s assumed to de e¢jected nor the
isotoptic distributions are identical. Calculated ejected rod worths and their
adherence to criteria are considered it all times in life and at all power
levels in the development of the rod insertion limits presented in section 8.
The maxiaum stuck rod worths for cvcle 3 are less than those in cvcle 2. The
adequacy >f the shutdown margin with cycle 3 stuck rod vortns {s demonstrated
in Table 5-2. The following conservatisms wvere applied for the shutdown cal-
culations:

Poison materia) Jdepletion allowance.

L
-

. 10T uncertainty on net rod worth.

-
.

Flux redistridution penaltv.

” s Dabhannrlh o Wilanw



Flux redistribution was dccounted for since the shutdown analvsis was cal o=
lated using 4 two-dizensional model. The shutdown calculation at the end of
vele 3 is analvzed at approxisately 239 EFPD. This is the latest time (¢ 10
43v%) in core life at whnich the transient bank is nearly fully inserted. After
23% EFPD, the transient bSank will be alsest fully withdrawn, thus increasing
the available shutdown margin. The reference fuel cvcle shutdown margin is

rresented in reterence ., Table 5-1.

he cvcle ) powver deficits from hot zero power to hot full power are sizilar

to Sut slightly higher than those for cvcle 2. Doppler coefficients, soderat~
or coetficients, and xenon worths are similar for the two cycles. The differ-
ential boron worths for cycle ) are lower than for cvcle I due to depletion of
tne fuel and the associated buildup of fission products. The effective delaved

~eutron fractions for Sorn cycles show a decrease with burnup.

$.2. Ana'vetical Input

The cvcle ) incore measurement calculation constants used o COmpute Core power

Sistributions were prepared in the same =aancer as for the reference cvcle.

$.3, Changes in Nuclear Design

““e same calculational =ethods and desigr infoimation were used to obtain the
imrortant nuclear design parameters for cvcles 2 and 3. In addition, there
ire no significant operational procedure changes from the reference cycle with
regard to axial or radial pover shape control, xenon control, or tilt control.
™e operational limits (Technical Specification changes) for the reload cycle

are shown in secticn 8.

A fuel melt limit of 20.15 kW/ft has been employed in calculating the reactor
srotection system setpoints and is the same as in cycles 1 and 2. The batch 5
‘.21 assemblies will be loaded as shown in Figure 3-1. Two batch 5 assemblies
save been assigned a maximum linear pover rating of 19.74 kW/ft based on is-
Sutlt data. These assemblies will be placed in nom~-limiting locations during
thelir #ntire core residence. For cycle 3, investigation has determined that
{f these assemblies are placed in locations M-l4 and E-2, they will not exper-
ience linear pover rates higher than 19.15 kW/fe. Thus, as shown in Table 5-)
tor various times during the ncminal fuel cycle, the margia to fuel =elt will
Alwavs be greater in these assemblies than in the most limsiting assembly in

the core.



Table Sei. Jconee ), Cicle 2 and ) Phvsics Paraseters

-

Cvcle lenzth, EFPD

Cycle Surnup, Med/stl

Average core buraup, £0C, Mwd/acl
infttal core loading, atl
Critical doron = BOC, pym (no Xe)

HZP, nroup % (nserted
ZP, zroups 7 and 8 inserted
HFP, groups 7 and 8 inserted

Critical Soron — EOC, ppm (eq Xe)

HZ2P, group 8 )7.72 wd, eq Xe
HFP, group 4 17.5% wd, eq Xe

Control rod worths — WFP, BOC, T lik/k

Group ©
Croup 7
Cioup B 37.53 wd

Cuntrol rod worths — HFP, 23% EFPD, S k/&

Group 7
Group 8 17.5% wd

Max ejected rod worth — HIP, % ‘k'k

BOC, groups >-3 inserted
235 EFPD, groups 5-8 inserted

Max stuck rod worth — HIP, % lk/k

8ocC
<35 EFPD

Powver deficit, HIP to HFP, T jk/k

BOC
235 EFPD

Doppler coeff — BOC, 10°% (4k/k/°F)
1002 power (0 Xe)

Doppler coeff — EOC, 107% (3k/k/°F)
1003 povsr (eq Xe)

Moderator coetf — WFP, 107" (ik/&k/°F)

80C (0 Xe, 1150 ppm, group 3 inserted)
EOC (eq Xe, 17 ppm, group 3 inserted)

Boron worth — HFP, ppa/% 1k/k

B0C (1050 ppm)
EOC (17 ppm)

sele 2 Cvcle 3
265 233
4293 8hed
18,160 13,921
32.1 2.1
12514 1261
1108 1128
331 1000
128¢9) 233
29 15
1.18 1.08
0.97 0.:7
0.5 0.+d
1.29(%) 1.0S
3.49¢%) 0.+
.66 0.73
0.60'%) 0.5
2.30 2.%
2.18(®) 2.2
1.65, 1.55%
g.o O 1.34
-1.54 -1,3)
1,58 -1.%6
-1.06'  _o.%)
-2.39 «2.55%
1078} 105
101 95




lable 5-1.

(Cont*d)

-

lenon worth — HFP, 5 Lk &

80C (< Jdavs)
£0C (equilibriwm)

Effective Jelaved neutron fracction — HFP

8.

X

Cycle 2 Cv:le )
~.64 b6
2.08 223

J.00585 0.00%9

2.0C520 0.005822

-
Faor conditiors applicable to these values, refer to BAW-lel2.*

Tadle 5-2. Shutdown Margin Calculation for Occree 3, Cvcle 3
80C, FOC,
T tkik s sk/i'd)
Available Rod worth
Total rod worth, HZP 8.74 8.70
Worth red'n cdue to burnup of polson -0.24 -0.31
Max‘mum stuck rod, HIP -2.54 -2.24
Net worth 5.96 6.15
Less 101 uncertainty ~0.60 -0,62
Total available worth 5.36 5.5)
Regquired Reod worth
Pover deficit, HFP to HIZF 1.55 1.98
Max allovadle inserted rod worth 1.06 1.31
Flux redistribution 0.45 0.77
Total required worth 3.06 4.06
Shutdown Margin
Total avail worth - total req'd worth 2.30 1.47

(a)

Required shutdown margin = 1.003 lk/k

For shutdown margin calculations, this ie defined as «_ou.
235 EFPD, the latest time in core life at which the transient

bank {3 nearly fully inserted.



[o*le S5=). tComparison of Fuel Melt Margirs tfor
Selectively Loaded Assemblies und
Limjting Ass«mbiv in Core

_Selectively 1saded Most limafjting

EFPD Location Margin, 3 Location Marzin, S
- Mls 2.23 Li& 39.7
100 Mle 38.21 Li& 35.e3
<00 Mle 21.93 K9 5.1«
21 Mls L8.69 K9 18,31

Rahecnrk 2 Wileny



‘vecle § Tweedimensiona. Felative Power

il Power, Fguilibri s Xenon, Norsa.

Croups 7 and 8 Inserzed

I ! | '
o coeer fogese | b oy | 1om 1ess | .19
: :
' | l
[ | ~
wl 1.<09 i ), 82 2.9748 2. 30?7 1.3s1 I 2,812
| |
0.568 | 0.957 0.99. | :.087 1.148 0.925
] ! !
| | |
N f
ol 0..40 0.771 1.260 | :.340 0.814
]

laserted Pod Croup No.
felative Pover Densiiy

al 0.6 0.748 0.7%1 ‘




6. THERMAL-HYDRALLIC DESILN

: Ciaiadtion

—— —

-

v treraalenrvdrauli. desizn evaluation ia suppor. of cvcle 1 operation uti-
lized tre 2ethods and =odels descrided (o references 1, 2, inéd 5, Crcle )
snalvses nave Seen based on 10n.535 of the (first wore) design reactor coolaus
fRC) svatem tlow rate. C,cle 2 analyses- used 107.0% of desisn flow based oa
¢ neasured tlow value of 110,05, The reduced {low rate has deen selected {ur
viie ) analvses to provide consisteacy with Oconee units 1 and 2.5 The de-
(Teases 10 RC flow used fOr these a.alyses are charges In calculaticnal parciae
vtors oniy and do not represent changes L2 operati on of the plant.,

™ care contiguration for cycle ) ctffers slighr v from that of ¢vele 2 ia
tnat the batch 2 fuel reascved at the end of cvcle 2 is the Mark B33 fucl as-
ienahly design, wnd the fresh batch 5 fuel iasert: ' for cvele J is the Mark 8.
1isend lv design. Mark 36 asseablies differ {rom (ne Marc 3] prisarily :n the
tesign of the end fitting, vhich results {a 3 slight reduction {a flcw re=-
sistunce for the 34 design. No credit was taken (in the analvses for tne .n-
“Teased tlow to the Mark 3« assemblies, located in the hottest core iccations,
A% & resnalt of slignht changes (n the core flow distribution or O0r the in-

Jfease in system flow resuliing from the recuctior (n tocal core pressure drop.

5.2, D%BR Analvsis

The BAG~2 CHT correlation wvas used {or thermal-tvdraulic analvsis of Svcle ..

T™his correlation, which has been reviewed and a; 'roved for use with tre Mars §

fuel asseadly destign, ° has been used previously for licensing of cvele 2 of

the Cconee ) core.

The effect of fuel denstfication on ainti=um DONBR (s primarily & resulc of the
reduction in active tuel length, which i1acreases the average heat flux. The
cvcle ) ONBR analysis was based on a ¢cold denstfied active length of [<d.2
irches, a value selected to apply generically to 3 nuaber of 3aw plants. This

is a conservative =method of applying the densification ¢ffect sin.e all thne



fuel assesdiies 1a cvele } *ave longer densified lengths (Tadble 4-1) and bde-
Cause a0 Jredit is taken for axial thersal expansion of the fuel columan. This
analvsis differs firca that o: cvole 2 in two respects: First, the eftect of
the densitication power spiske is no longer considered for DNBR analysis based
on inzormation presented in reterences li, 12, and 13. Second, the densified
active length is incorporated directly into the DNBR analvsis, resulting in a
calculated anisum DNBR of 1.901 at 1127 power (Table 5=1). The cvcle I anal-
v5is had deen dased on 4 les=inch active length with rthe effect of a reduced

active length and the densification power spixeé calculated separately.

The potential erfect of fuel rod bow on DNBR can be considered by incorporac-
ing sultadle margins inte DN3-limited core safetvy liz=its and RPS setpoints.
The maximm rod bow magnitude would be calculated from the equation cy = 11.5
+ 0.083 +3, whete “y is tne rod bow magnitude (in @ils) and BU is the burnup
(in Mad aactl’). The resultant DNBR penalty based on the zaxisum predicted as-
semblv burnup at the end of cvcle 3 {s approximately 6.03. However, since

NRC review of this bow model had not been completed before the design of this
reload core, the aaxinum rod bow magnitude was calculated using the NRC interv-
i3 model, 1C/C, = 0.065 + 0.0014<9 /BU, where 3C is rhe rod bow magnitude (in
mils) and C, i{s the initial gap. The resultant DNBR penalty, based omn the

naximss predicted assembly buraup at EOC I, is 11.2%.

y theraal sargin credit equivalent to 1T DNBR is availadle as a result of the
flow area (pitch) reduction factor included in all the thermal-hydraulic anal-
vses to partially offset the prolected fuel rod bow penalty. For the flux/flow
trip setpoint analvsis, an additional thermal margin credit equivalent to 22
excess flow has been applied. The NRC Statf has accepted, on a plant-specific
basis, the use of thermal marzin credits resulting from RC system flow rates
in excess of that assumed for safety analyses.’ 22 flow credit is claimed
on rhe basis that 106.53% of design RC flow was used for safety analysis and an
RC flow of 110X of design has been proven in the plant. For those analyses
perforsed for previous cycles that are applicable to cyvcle 3 or future cycles,
credit will be taken (as appropriate) for the removal of the densification
power spike penalty. A nore specific discussion of thermal margin credits is

provided in sections 6.3 and 5.4.



h.3. Pressure-Temperature L.zit Analvsis

—

The pressure-tesperature limit ¢ ves shown in Figure 3-] prov.de the basis
for the varfable low-pressure tri: setpoint. The curves shown for four- and
three-pump operation each represent a locus cf points for which the calcu-
lated minimus DNBR {s equal to 1.30 (3Aw-2) plus the margin required to off~
set an 11.27 DNBR reduction due to rod dow. The specific credits used in

this analysis to account for rod bow are as follcws:

% DNBR credit

Credit for rod bow penaltv already J 10.2
included in analysis o

Credit for flow area reduction

factor in analysis " 39

Credit for plant excess flow (3.5%
available)

Total : 12:32

= None claized

6.4, Flux/Flow Trip Setpoint Analvsis

The flux/flow trip setpoint was determined by analyzing an assumed two-puzp
coastdown starting from an infcial indicated power level of 1023 plus flux
seasurenent and heat balance errors (equal to 103% full power :n core). The
analvtical method was the same as that used for licensing of cvcle 27 with

the following exceptions: (1) The initial system flow on which this analvsis
is based was reduced from 107.6X of the desiazn flow rate to 106.5%. (2) The
densification power spike penalty was deleted from the analysis. (3) Suizable
margin was included for an 11.2% DNBR reduction due to rod bow. The specific

credits used in this analysis to account for rod bow are as follows:

2 ONBR credit

Credit for rod bow penalty alreadv 2 5.8
included in analysis .
Credit for flow area reduczion - 1.0
factor in analysis :
Credit for I35 excess RC flow & 4.4
(3.5% available) )
Total 1.4

Daheannk o Wilane




Table »-1. Cixcle 2 and 3 Maxiowum Design Conditions

Cvcle o Cvcle 3

Jesian pover level, Vet 2508 29508
3vstem Jressure, psia 2200 2200
Reactor covlant flow, & desian 107.% 106.5
Vessel inlet/outlet cxolant temp 555.9/602.2 555.6/602.4
at 1208 power, F
Ret! Jesign radial-local power peaking factor 1.7 1.78
Re! Jesign axial fiux shape 1.5 cosine 1.5 (osine
Hot channel facters: Eathalpv rise 1.011 1.01!

Heat flux 1.C1s 1.014

Flow area 0.98 0.98
Active tuel length, in. 140.2 140.2
Avg heat flux at 1005 puwer, ltu/h-(t:(‘) 175,040 175,27
Max teat flux at 100% power, Btu/h-ft: ) 268,959 468,391
CHF correlation BAW~2 BAW-2
“in DN2R (2 power) (<) 1.86 (112) 1.90 (112)

)
Cvele 2 heat flux was based on batch J densified length. Cycle 3 uses
batch & and > densified lenzth (located in hottest core location).

‘5)Sas¢d on average heat flux with reference peaxing.

¢) )

’ Cvecle 2 DNBR includeg effects of densification power spike; cycle )
does not.

Dabhanab » Wilaae



7. ACCIDENT AND TRANSIENT ANALYSIS

. 1. feneral Safetv Analysis

Each FSAR' accident analysis has been exazined with rrspect to changes in cycle
3 parameters to determine the effects of the cycle ] reload and to ensure that

thermal pertformance {s not degraded during hypothetical transients.

The core thermal parameters used in the FSAR accident analysis wvere design op-
erating values based on calculated values plus uncertainties. Cycle 1 values
(FSAR values) of core thermal parameters are compared with those used in the
cycle J) analysis fa Table 6-1. These parameters are common to all of the acci-
dent analyses presented herein. For each accident of the FSAR, a discussion and
the key parameters are provided. A comparison cf the key parameters (see Tatle
J=1) trom the FSAR and the present cycle J 1s provided with the accident dis-
cussion to shovw that .ne Initial conditions of the transient are bounded by

the FSAR analvstis.

The effects cf fuel densification on the FSAR acciden: results nave bdeen eval-
uited and are repor*~4 in BAW=1199." Since cycle ) reload fuel assemblies con-
tain fuel rods wix <neoretizal density is higher than those considered {n

reterence *, the conclusions derived in that reference are still valid.

Calculactional techniques and cethods for cycle ) analyses remain consistent
with those used for the FSAR., Additiconal DNBR margin is shown for cycle J be-
cause the 38w~ CHF correlation wvas used instead of the W-J.

No new dose calculations were performed for the reload report. The dose con-
siderations in the FSAR wvere based on maximum peaking and burnup for all core
rycles; therefore, the dose considerations are independent of the relcad

batch.

7,2, Rod Withdrawal Accidents

This accident is defined as an uncontrolled reactivity addition to the core

Gue to withdrawal of control rods during startup conditions or from rated power

- Rabeock & Wilenx



conditicas. Ioth tvpes 0. (ncidents were anaivied in tne FSAR.* The iaportant
varazeters Juring a rod withdraval accid=nt are Doppler coefficient, soderator
femperature coetficient, and the rate a4t which reactivity is added to the core.
Only Sigh=pressure and high=flux trips are acco.nted for in the FSAR analvsis,
which iinores multiple alar=s, interlocks, and trips that normally preclude
this t.pe 01 incident. For positive reactivity additions indicative of these
events, the 30st severe results occur tor 3L cenditions. The FSAR values of
the ker raraseters for B80L conditions were =-1.1" « 107 (lu/k/°F) for the Dop-
pler coefficient, 0.5 « 107" lk/k for the moderator temperature coefficient

and rod aroun worths up to and including a 10T ‘k/k rod bank worth., dComparable
cveie ! parametric values are -1.51 - 10.S (1&/R/®F) for the Doppler coet:.-
cient, =233 « 1077 {ik/k/®F) for the moderator temperature coefficient, a.d a
Jaxizum rod bank worth of 8,747 tk/k. Therefore, cvcle J parameters are dovnded
v design values assumed for the FSAR analysis. Thus, for the rod withdraval
transients, the consequences will be n0 more severe than those presented in

the FSAR. Fer the rod vithdraval from rated pover, the transient consequences

afe 3lso less severe than those presented in z.e densification repore.®

7.3, Moceratsr Dilution Accident

Boron 1a the form of bdoric acid is utilized to control excess reactivity. The

borcn content of the reactor coolant is periodically reduced to compensate for
tuel burnup and transient xenon effects with dilution water supplied by the
makeup and purification systes. The moderator diluticn transients considerad
are the pumping of water with zero boron conceatration from the =akeup tank to
the RCS under conditions of full-power operation, hot shutdown, and refueling.
The ey parameters in this analysis are the initial Soroa concentration, boron

feactivicy worth, and moderator temperature coefificient for pover cases.

For positive reactivity additions of this type, the most severe results occur
for BOL consditions. The FSAR values of the key parameters for 30L conditions
were 1200 prm tor the (nitial boroa concentration, 75 ppa/1X (2k/k) boron re-
activity worth and +0.94 « 107~ Jk/k/°F for the moderator temperature coeffi-
cient.

Comparasle cvcle 3 values arel000 ppa for the initial boron coencentration, L0
ppe/ll (ta/k) boron reactivity worth and =0.53 « 107" (ik/k)/°F for the mocera-
tor temcerature coefficient. The FSAR shovws that the core and RCS ire adequate~
lv protecies Zuring this event. Sufficient time for operator action to
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tersinate this transient is also shown in the FIAR, even with =axizum dilution
and 2ini=.3 shutdown margin. The predicted cvcle 3 parametric values of i=-
portan.« 1o the moderator dilution transient are bounded by the FSAR design

values; t us, the analvsis in the FSAR is valid.

7.4. Cold Water (Pump Startup) Accident

There are no  heck or isolation valves in the reactor coolant piping; there-
“cre, the clissic cold vater acciden: {s not possidle. However, when the re-
actor is operated with one or more pu=ps not running, and then these are turned
on, the increased flow rate will cruse the average core tezperature to decrease.
If the mocderator temperature coefficient is negative, then reactivit- will be

added to the core and a power rise will occur.

Protective interlocks and procedures prevent starting idle pumps (f the reac~-
tor power is above 223, However, these restrictions were ignored, and two-

puap startup from 50T power vas analvzed 2. the most severe transient.

To maximize roactivity addition, the FSAR analysis assumed the =:ost negative
moderator tem erature coefficient of =3.0 « 107 (l&/%)/°F and the least nega-
tive Doppler oefficient of =1.30 « 10-2 Lk/k., The corresponding wmost negative
acderator ter-erarture coefficient and least negative Doppler ccefficient pre-
Jicted for cycle 2 are =2.55 » 107" and =1.56 = 13~ (:k/k)/°F, respectively.
Since the predicted cycle 2 moderator temperature coefficient is less negative
and the Doppler coefficient is more negative than the values used in the FSAR,

the transient results would be less severe than those reported in the FSAR.

7.5. loss of Coolant Flow

The reactor ceolant f{low rate decreases (f one or more of the reactor coclant
pusps fail « pumping failure can be caused by mechanical Zailure or loss of
elecirical power. With four indepencent pumps available, a mechanical failure
in cne pump will not affect the operation of others. With the reactor at powver,
the effect of loss of coolant flow is a rapid increase in coolant temperature
due to the reduction of heat removal capability. This increase could resuic

in DNB {f corrective acticn were not taken immediately. The kev parameters

for four-pusmp coastdown or a locked-rotor incident are the flow rate, flow
coastdown characterisctics, Doppler coefficienc, moderator te=perature coeifii-
cient, and hot channel DNB peaking factors. The m2wst conservative initial

conditions wvere assumed for the densification repor:s: FSAR values of flaow



and coastdown, =i.17 « 10°° (Lk/K)/"F Doppler ccer.icient, +0.5 » 107" ( k/k)/

'F moderator temperature coetficient, with densified fuel power splee und peas~
in8.  The results showed that the DNBR remaired above 1.3 («=)) for the tour=
PLEP coastdown, and the fuel cladding temperature remained d>elow criteria

limits for tne locked-rotor transient.

“he predicted parametric values for cycle 3 are =...) + 10" ( k/k)/°F Doppler
coefficient, =0.33 « 10™" (:k/x)/°F soderator temperture coefficient, and

PEAKINg factors as showm in Table 6-1. Since the predicted cvcle 3 values are
bounded hv those used in the densification report, the results of that analvsis

represent Lhe =ost severe consequences frea a loss-of-flow incident.

o5, Stuck=Out, Stuck=-In, or Dropped Control Rod

It a control rod were dropped into the core while it was operating, a rapid
decrease in neutron power would occur, accompanied by a decrease in the core
average coolant temperature. The power distributica 3ight de distorted due to
4 "ew control rod pattern, under which conditions a - tura to full power might
lead to localized powver densities and heat fluxes in xcess ot design limica-

tions.

The kev parameters {or this transiert are moderator + mperature coefficienc,
dropped rod worth, and local peaking factors. The F3aR analysis wvas based on
0.4€ and 0,362 :k/k rod worths with a mOCerator temperature coefficient of
=3.0 « 107" (2k/k)/°F. For cycle 3, the maxisus vorth rod at powver is 0.20%
‘®/k and a moderator temperature coetficient of =2.5%5 = 1977 (lk/k)/*F. Since
the predicted rod worth is less positive and the soderator temperature coeffi-
cient s more positive, the consequences of this transient are less severe

than the results presented in the FSAR.

7.7. loss of Electric Pover

Two types of power losses vere considered ir the FSi:- (1) a loss-of=-load
condition caused by sesaration of th2 unit froa the transaission system and
(2) a hypothetical condition resulting in a compiate loss of all system and
unit power except that from the unit batceries.

Tne FSAR analysis evaluated the loss of load with and without turbine runback.
When there is no runback, a reactor trip occurs on high reactoer coolan: pres=~
Sure or temperature. This case results in a nor-limiting accident. The

largest offsite dose occurs for the second case, i.e., loss of all elecrrizal

ODaban b o tariv. .
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POower except unit tatteries, and assuming operation witn latled fuel and steanm
svaerator tube lessage. These results are independent ot core loading; there~

fore, the results of the FSAR are applicable for anv reload.

-

M, Stean Line Failure

A steam line fatlure (s deiined as a rupture of any of the steam lines fros
*he steam generators. Upen inftiation of the rupture, both steaa generators
start to blow down, causing a sudden decrease in the PriZary svstea tempera-
ture, pressure, and pressurizer level. The texzperature reduction leads to
positive reactivity (nsertion, and the reactor trips on Sigh flux or low RC
pressure. The FSAR has (dentitied a double-ended rupture of the steam line
between the steam Aenerator and s'can top valve as the vorst-case situation

at end-of-lite conditions.

The key parameter for the core Tesponse Ls the moderator temperature coeffi-
cient, which was assumed ia the FSAK to be =3.0 » 10" (t&/k})/°F. The cycle
} predicted value of moderator temperature coefficlent is <2.55 « 1077 (Luik)/
"F. This value Is bounded bv those used in the FSAR analysis; hence, the re-

sults In the FSAR represent the worst situaction,

T.9. _Steam Generator Tube Faflure

A rupture or leak in a steam generator tube allows reactor coolant and associ~
ated activity to pass to the secondary system. The F3AR analvsis is based on
complete severance of a stean generator tube. The primary concera for this
incident (s the potential radiological release, which is independent of core
loading. Hence, the FSAR results are applicable to this reload.

7.10. Fuel Handling Accident

The mechanical Jdamage accident is considered the maximum potential source of
dctivity release during fuel handling sctivities. The priaarv concern is
radiological releases that are independent ot core load:ing; therefore, the FSAR

results are applicable to all reloads.

7.11. Rod EFlection Accident

For reactivity to be added to the core A0re rapidly than by uncontrolled reod
withdraval, phvsical failure of a pressure barrier compornent in the control

rod drive assembly must occur. Such a failure could cause a pressure differen~
tial to act on a control rod asseablv and rapidlv eject the assembly irom the

Lo T I e L



ore region. IThis incide : represents the st Fapid reactivity insertion that
c171 be treasonably postulated. The values used in the F5AR and Jdenstzication
rejort at BOL conditions, =-1.17 « 12 (L a/k)/°F Doopler coesficient, #0.5 «

10 ("% %)/°F moderator temperature coeifficient, and an e‘ected rod worth of
1.55% ik/k represent the maxizum possible transteat. The corresponding cvcle

) ;arametric values of =i.%3 « 107 (k/&)/'F Doppler, )33 « 1077 (u/&)/°F
soderator temperature coetficient (both Dore aegative tian 1hose used 1a refer-
eace 3), ond a maxizum predicted ejected rod werth of Jeee &, x ensure that
the results will be less severe than those presented in the FSAR' and the den-

sfification report .

*.12. Maximum Hvpothetical Accident

-

There is 710 postulated mechanism whereby this accident can occur since it would
require a multitud - of fallures in the engineered safeguarcs. The hyvpothetical
accident 13 hased solcely on a gross release of radisactivizy to the reactor
Suilding. The consequences >f this accident are {ndepende=nt of core loading;

nence, the results reported in the FSAR are applicadle for all reloais.

.13, Waste Cas Tank Rupture

The was®e 2as tank was assused to contain the Zasecus JCLiviIy evolved {rom
degassing all of the reactor coolant following operatica with 12 defeczive fuel.
Rupture of the tank would result in the release of its radicactive contents

o the plant ventilation system and to the atmosphere through the unit vent.

The consequences of this incident are independent of ore locading; therefore,

the results reported in the FSAR are applicadle to any relcad.

7.14. LOCA Analvsis

A generic LOCA analysis has been perfor=ed for the 344 177=-FA, lowered-loop
NS5 using the Final Acceptance Criterta ECCS evaluation sodel. * The analvsis
{s generic since the limiting values of key parazeters for all plants in this
category were used. Furthermore, the combination of average tuel temperature
4s a function of linear heat rate and the lifetime pin pressure Jdata used in
the reterence ls LOCA limits analvsis are conservative cmpared to those calcu=-
lated tor this reload. Thus, the analysis and the LOCA limits reported in ref=-
etence l4 provide conservative results for the operatica of Oconee 3, cycle )
fuel. The folluwingk tabuletion shuws tle boundliyg values {ur allowable LOCA

peak LHRs for Oconee 3, cvecle 3 fuel.
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A’ owable peax linear

Core elevation, ‘¢ heat rite, «u/ ¢
8 15.5
- 16.»
L 18.0
8 17.0
i0 16.0

Table 7-1. Comparison of Kevy Paraseters for
Accident Analvsis

FSAR, densi .ed Predicted
Parimeter value cvele 3 value
30L Doppler coeif, 107 (1k/k)/°F L. =1.43
EOL Doppler coeif, 107" (ik/k)/°F -1.33 -1.56
BOL msoderator coetf, 19°" (Lk/k)/*F 00.5(5) =0.
EOL moderator coeff, 10 ° (lk/%)/°F -3.0 -l
‘1l rod bank worth (MIP), % ik/k 10.9 ],
inttial boron conc (HFP), ppm l<0n 12
S3oron reactivity worth (70F), ppa/l3 75 s
~u/k
Max ejected rod worth (HFP), % 'k'k 0.65 0.4%
repped rod worth (HFP), % *k/k S.46 J.20

(=1.2 = 10:, “k/k/F) was used for steam line faflure analysis;
(=13 « 10 " ‘k/k/F) was used fur cold vater analysis.

!b)\oo.is « 107" ik/k/F) was used for the moderator dilution accident.
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8. PROPOSED MCOIFICATIONS TO TECHNICAL SPECIFICATIONS

The Technical ipecificaticas have been revised for cvcle J cperation. cChanges

were the results of the fclilowing:

1. Specifying APSR postitiom lizits in addition to the usual regulating con-
trol rod and iambalince limits for ECCS. The APSR positiom limits will
provide additional coatrol of power peacing and assurance that LOCA xW/ft

limits are not exceeded.

. Using 106,52 of desiyns flow rather than 107.62 as discussed in section
v

J. The FLAME computer code used i(n setting the Tecanical Specification lias-

frs,t5eln

+. The Technical Specification limits based on DONBR and L4R criteria include
aycropriate allovances for projected fuel rod bSow penalties, i.e., poten=-
tial reduction in DN33 and (ncrease in power peasxs. A sctatistical combi=-
uwation of the nuclear uncertaincy factor, engineerinz hot chamnel factor,
and rod bow peaking Je=alty was used in evaluating LHR crizeria, as ap-

proved in reference .

5. Per reference 13, the power spike penalty due to fuel densification was
not used in settirg the ONBR- and ECCS-dependent Technical Specification

lisits.

S8ased on the Technical Specifications derived from the analyses presented in
this report, the Final Acceptance Criteria ECCS limits will not be exceeded,
nor will the thermal desiga criteria be violated. Figures 8-1 through 8-1+
filustrate revisions to previous Technical Specification limits; Figures 3-15
througn 8-17 fllestrate l:izmits not previously included in zhe Technical Spe~

cificacions.
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Flgure 3-2.
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Figure B-12. Operational Power lmbalance Eaveloze for
Operation From O to 100 = 10 EFPD -
Oconee 3, Cycle )
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Tigure 3-13. Operaticnil Power Iab.: ance Envelope for
Operation From 100 2 1J to 235 ¢+ lu EFPD
- O¢onee 3, Cvcle 3
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rlgure 8-, .. perational Power Imbalance EZnveliope for
uperation After 233 =2 10 ZFPD -
Oconee 3, Cycle J
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9. STARTUP PROGCRAM — PHYSICS TESTING

The planned startup testing associated with core perfor=zance i{s outiined be-
low. These tests verify that core performance is withia the assumptions of
the safety analysis and provide the necessary data for ccatinued safe plant

operation.

Pre-Critical Tests

1. Control rod drop tizme

Zero Power Tests

1. Critical boron concentration

2. Temperatur~ reactivity coefficient
3. Control rod group worth

4. Ejected rod worth

Pewer Tests
1. Core power distribution verification at approximately 40, 75, and 1202 FP,

normal control rod group configuration.

2. incore/out-of-core detector imbalan-e correlation verification at approxi-
mately 752 FP.

J. Power Doppler reactivity coefficient at approximately 1002 FP.
4. Temperature reactivity coefficient at approzimazely 1003 FP.
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It t b and Sur=ary

ihis repert supplesents the (kenee 1, Crcle < Keload Roore (BAR=1437, Sarch
19770 te acvount for a rodified Cyvele & core loading., The mndified core
Joading consists of the leading of four once burned Bateh 2 fucl asse=blies
4t cote locations D=&, D=12, N=4 and N=12, originally intended to be loaded
with four Batch & fuel assemblies. The replacement of the four Batch &

fue! assemblies with the four Batch 2 assemdlies vwas necessitated because

of moechanical damage te one Batch & assembly vhile {t was exazined in the
spent fuel pool. The modified core loading does not affect the results of
the core safoty analvsis or limiting conditions of operation, as docuaented

in EAW-1sa7.

The follewing paragraphs describe the four replacement fuel assemblies
and provide evaluations of the Impact of the modified core loading upon
tte previous analvses.

“uclear Design

The vodified core loading consists of replacine & (wice burned, 3.2 wt =
Pateh < fuel assembhlies with & once burned, 2.1 wt ° batch 2 fuel asse=blies.
The hatch 0 assex=blies were selected to match the reactivity of the replaced
hatch ¢ assemblies as closelvy as possible. B rafial power distribution
results for the revised core loading show that all fuel assembly povers are
within 17 of the original Cvcle & core leading, except for the replacenent
location N=12, which has about 3.5° less power in the revised core loading.

A Cvele & PO depletion analvsis was perforsed vhich showed that these
ditterences becorme procressively szaller as the cvele is depleted. Figure

I shows the revised core loading diagram for Oconee | Cvele & and Figure 2
is an eighth=core =ap showing the burnup unc enrichment distribution at the
hepinning of Cvcle & with the revised core loading.

Yechanical Design

The replacezent fuel assemblies have been evaluated for mechanical design
adequacy and found to meet the criteria for allowable cladding strain and
irradiation swelling specified in the Reload Report. The creep co!llapse
time was determined to be > 30,000 EFPH, which 1s greater than the =aximunm
desigm life of 14,232 EFPH., Pertinent fuel design parameters for the &
Batch 2 fuel assemblies are given {n Table 1.

Thermal-Hvdraulic Design

The revised core loading has been evaluated for thermal-hvdraulic design
considerations and found not to affect the Zesign presented in the Reload
Feport. The Mark B-2 replacement assexblies have a higher resistance to
flow than the Mark B-3 assemblies being replaced. However, the hot assembly
during Cvcle & is either a Mark B-3 or B-4 assemblv that is not in a core
location where the replaceTent assexblies will be placed. Since the inser-
tion of the hipher resistance Mark B-2 asse=blies will cause an increase in
flow in the hot assembly, the thermal-hydraulic design presented in Section
6 of the Reload Report is conservative.



Safery Analvsis

The svstes partareters important to safetv analveis are not afferted by th
revised core loading, and the safety evaluation presented in the Feload
Keport therciore remains valid.,

Technical Specifications

The power pearing limits and the ejected and shutdown rod insertion limits
have been verffled and found to be less limiting than the li=its calculated
previcuslyv,  Based on these results, the Technical “pecificarfons previcusly
submitied are valid for the modifled loading and do not require revision,



. ' 1T R ?® fivs i Oxe i . Y ¢ -
. 134

Fue ) Assembiv Ty Mark-B2

o ol K. h:"% o

Inttial swl Enrich=ent, wt. = 'iSK 2.190
Initial Fuel Menszfty, - IO 91.5%

bat turnup, K, Malt/MTL 12,0630
Claddine Collapse Tire, EFFE 30,000
fucl Peliet C.D., in. 0.3709

Undens. Active Fuel Length, in. 1<4
Flexible Spacers, Tvpe Corrucated

Solid S;pacer Material 2r0>
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