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1.0 INTRODUCTIUN AND SUMMARY

This report provides an evaluation of the design and performance of Waterford
Steam Electric Station Unit 3 during its sixth cycle of operation at 100%
rated core power of 3390 MWt ana NSSS power of 3410 MWt. Operating conditions
for Cycle 6 are assumed to be consistent with those of previous Cycles and arc
Summarized as full power operation under base load conditions. The core will
consist of irradiated Batch C, F, and G assumblies, along with fresh Bateh H

assemblies. The Cycle 5 termination burnup has been assumed to be between 427
and 457 Effective Full Power Days (EFPD).

The safety criteria (margins of safety, dose limits, etc...) applicable to
Waterford 3 were established in rhe F3AR (Reference 1-1) for Cycle 1. A review
of all postulated zocidents and anticipated operational occurrences (AQO's)
was perfoimed for Cycle 2, resulting in revisions to several safety analysis
events, and for Cycles 3, 4, and §, resulting in a negative 10CFRS0.5%
licensing finding. The FSAR as amended with information from the Cycle 2

Feload Analysis Report (References 1-2 and 1-3) constitutes the analyses of
record for Waterford 3.

The Cycle & reload core characteristics have n evaluated with fespect to
the Reference Cycle. Specific differences in core fuel loadings have been
accounted for in the present analysis. The Cycle 6 analysis results for
postulated accidents and AOO's are Jummarized in Sections 7 ang 8.

Two transients reanalyzed for Cycle 6 met NRC acceptance criteria, but
e@xceeded thoe consequerces determined in the Reference Cycle analyses
documented in the Waterford 3 FSAR. These fransients are (1) Large Break LOCA

and {2) Excess Steam Demand with Loss of Offsite Power (also referred to as
Excess Luad).

Because the conseguences of rhese two events exceeded that of the

Cycle, the Cycle 6 Reload Analysis Report igs being submitted for N
Ail other transients resulted in ceons

Reference Cycle analyses.

Reference

RC review,
equences wnich were bounded by the FSAR

The Waterford 3 Cycle & relocad required two methodology changes. The high
burnup methodology of Reference -4 provides justification for peak rod
byrnups of up to 60,000 MWD/T; the pPeak rod burnup for Cycle 6 is

58,700 MWD/T. In addition, the fission gas release model Lsed will be the NRC
approved versicn of FATES3B (Reference =g}

The Cycle 6 reload required no Technical Specification chanjes.

Application of the Modified Statistical Combination of Uncertainties (MSCU)
methodology (Reference 1-s) is anticipated for Cycle 6. Information presented
in the following sections of this report will remain valid with the
application of MSCU ta Cycle &, except that Reference 6-5 would be revised to
the MSCU report, Referenre 1-6. Application of the MSCU methodology would
preserve the operating margins assumed in the Cycle & safety analyses.
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2.0 CEFRATING HISTCRY OF THE CURRENT CYCLE

Waterford 3 is currently in its fifth fuel cycle which began with initial

spiticality on May 23, 1991. Full power operation was achieved on June 2,
1981,

it is presently estimated that Cycle & will terminate by Seprember 18, 19892,
The Cycle £ termination point can vary between 427 EFPD and 457 EFPD to

accommodate the plant schedule and still be within the Lurnup assumptions of
the Cycle ¢ analyses.




3.0 SENERAL DESCRIPTION

The Tycle 6 core will consist of those assembly types and numbers listed in
Table 3-1. Cne Bateh C1 assembly, forty-eight Bitch E assemblies, and thirty~
Six Batoh F assemblies will be removed from the Cycle 5§ core ts make way for
94 fresh Batch H asremblies plus one previously discharged C1 assembly. All
eéighty~four Batch G assemblies and forty-eight Batch F assemblies new in the

core will be retained. One twice furned Batch Cl assembly discharged at the
End of {ycle 2 will be reinserted.

The reload batch will consist of & type HO assemblies, 20 type Hl assemblies
with § burnable poison shims per assembly, and 56 type H2 assemblies with 16

furnable poison shims per aasembly. These sub-balch types are zone-enriched
and their configurations are shown in Figure 3-1.

The loading pattern feor Cycle &, showing fuel type and location in the guarter

fore, is displayed in Figure 3-2., The full core will be loaded with quarter
core rotational symmetry.

Figure 3-3 displays the beginning of Cycle 6 and end naf Cycle & (490 EFPD)

assembly average Durnup distributions, These burnup distributions are rased on
4 Cycle § length df 487 EFPD.

Jontrol element assembly patterns and in-core instrument locations will remain
unchanged from Cycle &

= and are shown in Figure 3-4 and Figure 3-5
respentively.
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FIGURE 3-1
WATERFORD 3 CYCLE 6 FRESH FUEL

- e F
. =

i 711 % 1
1 INES

HO FUEL H1 FUE! H2 FUEL
FUEL  No. OF ENRICHMENT ENRICHMENT  No. OF GM
TYPE ASSEMBLIES Wi Wi0 SHIMS B-10/N

0O 0O L

HO 8 405 3.65 n 0.000
H1 20 4.05 3.65 8 0.016
H2 56 4.05 365 16 0.624



WATERFORD 3 CYCLE 6 QUARTER CORE LOADING PATTERN

x {

Figure 3-2

A = Fyel Batch
R | X = OgeLoc:t on (Cycle 6)
] 2
F2 HO
[3 4 5 '8 7

F1 Fl Gl ' H G2

8 9 10 1 12 13
Fl H1 60 H2 62 H2

14 15 16 i7 18 19 20
F2 H1 G2 H2 Gl H2 G2

21 22 23 24 25 26 27 28
Fl H1 62 G0 62 H2 FO H2

29 30 3l 32 33 14 35 36
Fl GO H2 G2 GO FO H2 62

37 ) 38 40 4] 42 43 44
ot 61 H2 6l H2 FO H2 62 H2

F2 146 47 48 49 50 51 52 53
Lg;-———- Wl @62 H2 FO H2 G2 6l 62

Ho [58 56 57 58 59 60 61 62
62 H2 G2 H 62 H2 G2 cl

* REINSERTED FROM CYCLE 2
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Figure 3-3
WATERFORD 3 CYCLE &

Assembly Averaged Burnups

(EOCS « 457 EFPD, EOC6 = 490 EFPD)

1 F2|2 HO1
37300 0
43300 14500
3 nle rs  ocije a7 o2
35100 36900 18000 0 22300
40000 44300 31700 21400 41400
8 Fl|9 H1[10 w011 H2|12 G213 H2
36300 0 15100 Q 22800 0
42700 16300 32700 23100 43600 25300
14 F2|1s  Haf1e 62|17 m2l18  o1l1e H2|20 @2
39400 0 23200 0 17300 0 21800
45600 16500 41100 24400 39800 25700 43600
21 rij22 H1]23 G224 GO|[28 G2126 H2|27 FO |28 H2
35100 0 23200 12200 21300 0 34400 0
40000 16100 41100 33300 42800 25100 §2200 25200
' 29 F1130 GO|31 H2132 G233 G034 FO|23S H2{36 G2
36900 15100 0 21300 12200 31300 0 23.00
44300 32900 24400 42500 34000 $0000 25200 44600
37 Gl|38 H2{39%9 Glj40 HZ{41 FOl42 H2143 G244 HZ2
18000 Q 17300 0 31900 0 18600 0
45 F2| 31700 23100 39500 25100 49900 25100 40700 25500
37300
43%00 |46 H1{d? G248 H2 |49 FO|S0 H2({S1 G282 G153 G2
0 22800 0 34400 Q0 18500 17800 23100
54 HO| 21400 43600 25700 §2200 25200 40700 38100 42200
0
14500 [sS G256 H2|87 G2|58 H2|59 G2160 H2 |81 G2|62 Cl
22200 0 21800 ¢} 23100 0 23100 29000
41400 25300 43600 25200 44600 25800 42200 42800
I
X Y X = Quarter Core Assembly Number
A Y = Fuel Batch
B ' A = Assembly Average Burnup (MWD/T), BOC
p— 8 = Assenbly Average Burnup (MWD /T), EOC
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PLCEA - PART LENGTH CEA BANK

6 = LEAD REGULATING BANK
5 « SECOND REGULATING BANK 1 2
& = THIRD REGULATING BANK
3 = FOURTH REGULATING BANK A
2 = FIFTH REGULATING BANK
I = LAST REGULATING BANK !
Sy = SHUTDOWN BANK B 3 ‘ 5 6 7
Sy = SHUTDOWN BANK A
2
8 9 10 1 12 13
Sg 3 ¢
15 16 17 18 19 20 &
e
1 7 Sg
24 |28 26 27 28
5 PLCEA 5
1 3 15 36
Sa Sg
42 3 4
' !
;
| * SKUTOOWN ROD IN POSITION 52 §3
1 57 13 AVAILABLE FOR ONLY TWO
DIAGONALLY OPPOSITZ CGRE S,*
NUANRANTS.,
6 |
2
LOUISIANA i Figure
FONER & LIGHT €0, WATERFORD 3
Naterford Steam CEA BANK IDENTIFICATION 3.4

Electric Station
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4.0 FUEL SYSTEM DESIGN

4.1 Mechanical Design

The mechanical design of the Waterford 3 Batch H relcad fuel is essentially
the sane as the debris-resistant Batch G fuel that was introduced in Cycle 35,
Tre changes associated with the debris-resistant design are descr .bed in

Appendix B, which also describes the miner changes to the mechanical design
since Cycie 2.

The primary differences between the Batch H and Batch G fuel designs are minor
changes in the skirt that is located at the bottom of the upper end fitting's
outer posts, and in the flange licated at the upper end of the outer Juide
tube assembly. The changes improve the fabrication process. The outer post i3
screwed into the guide tube flange to secure the fuel assembly upper oad
fitting to the fuel assembly grid cage, and the post skirt is expanded inte
holes in the flange to prevent the post from unscrewing. These changes will
minimize distortion of the guide posts during fabrication while still meeting
the anti-rotaticn torque requirements, Jhis design change is not expected to
impact the in-reactor performance of the fuel,

§.¢ Mitigation of Guide Tube Wear

All fuel assemblies in Cycle & will have stainless steel sleeves installed in
Lhe guide tubes to prevent guide tuba wear.

4.3 Thermal Design

The thermal performance of composite fuel rods that envelope the fuel rods of
the Batcnes present in Cycle 6 have been evaluated using the FATES3B version
of the CE fuel evaluation model References 4--3, 4-4, §4~5, and 4-6) . The
analysis was performed using a power history that enveloped the power and
burnup levels representative of the peak fuel rod at each burnup interval,
from Beginning of Cycle (BOC) to End of Cycle (EOC) burnups. The burnup range
analyzed {s in excess of that expected at the end of Cycle 6., Results of these
burnup dependent fuel performance calculations were used in the Transient

Analyses (Section 7) and in the Emergency Core Cooling System (ECCS) Analysis
(Section 8) performed for Cycle &,

4.4 Chemical Design

The material specilicat'ons that are used for the fuel cladding and the other
fuel assembly Components in Batch H fuel are the same as those that were used

in Batch G fuel ard essentially the same as those that were used for Batch U
(Cycle 2) fuel,

4.5  Shoulder Gap Adequacy,

All uf the fuel assemblies that are to be used in Cycle 6 were evaluated to
confirm that there is adequate shoulder gap clearance through the end of
Cycle €. The method used for Cycle &€ is that described in Reference 4-2, The
initial shoulder gap in Batch F, Batch G, and Batch H fuel is 2.382 iaches,
the came as reported in the Cycle 2 Reload Analysis Report for Batch D. The
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8N NUCLEAR DESIGN

wn
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Physics Characteristics

w

i Fuel Management

The Cycle & core makes use of a very low-leakage fuel management scheme in
which twice burusd Batch F assemblies are placed nn the core pPeriphery, Most
of the fresh Batch H assemblies rre located throughout the interior of the
core where they are mixed with other previously burned fuel in a pattern that
minimizes power peaking. With this loading and a Cycle 5 endpoint at 441 EFPD,
the Cy=zle ¢ reactivity for full power operat on is expected to be 462 ZFPD
(17,600 MWD/T) ., Explicit evaluaticns have been performed to assure
applicability of all analyses to a Cycle § teimination burnup of between 427
and 457 EFPD and for a Cycle 6 length up to 490 EFPD (18 600 MWD/T) .

Characteristic physics parameters for cycle € are compared to those of the
Reference Cycle in Table 5-1. The values in this table are intended to
represent nominal core parameters. Those values used in the safety analyses
-ontain appropriate uncertainties, or incorporate values to bound future £

-perating cycles, and in all cases are conservative with respect t¢ :he va}ﬁks
reported in Table 5-1. [

Table 5~2 presents a summary of Coatrol Element Assembly (CEA)
worths and allowances for the end of Cycle & full power Main Steam Line Break
(MSLB) - -ansient with a comparison to the Reference Cycle data. The Cycle &
values .ere explicitly calculated with 3D ROCS (Reference 5-2) while the
Reference Cycle values were based cn 2D POCS with adjustments for iD effects.

The full power steam line break was chosen to illustrate differences in CEA
reactivity worths for the two cycles.

reactivity

The CEA core locations and group identifications remain the same as in the

Reference Cycle., The power dependent insertion limits (PDIL's) for regulating
groups and part-length CEA Groups are shewn in Figures 5-1 and 5-2
respectively and remain the same as in the Reference Cycle. Table -3 shows

the reactivity worths of variocus CEA vroups calcuiated at power conditions for
Cycle & and the Reference Cytle.

P Power Distgibutigna

figures 5-3 through 5-% illustrate the calculated All Rods Out (ARO) planar
radial power distributions during Cycle 6. The one-pin planar radial power
peaks presented in these figures are obtained ‘rom the middle region of the

| core. Time points at the beginning, middle, ana end of cycle were chosen since
t the variation in maximum planar radial peak as a function of burnup is small,

Radial power distributions for selec
BOC and EOC in Figures 5-6 tnrough §

ted rodded configurations are given for
|

part-length CEA's (PLCEA's);
i

\

~11. The rodded configurations shown are:
Bank €; and Bank 6 plus the PLCEA's.

The radial power distributions described in this section are calculated data
which do not include any uncertainties or allowances. The fine mesh
calculations performed to determine these radial power peaks explicicly
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account for augmented power peaking wnich is characteristics of fuel rods
adjacent to the water holes.

Nominal axial peaking facters are eéxpected to range from 1.16 at BOC to 31:07
at Middle of Cyels, to 1,10 at EOC.

9:1:3 Maximum Fuel Rod Burnup

The maximum fuel rod burnup of 58,700 MWD/T prejected for the Waterford 3
Cycle © safety analysis is less than the 60,000 MWD/T limit presented in
Reference 5-3., Reference 5-3 has been transmitted to the NRC by ABB/CE for
generic approval, The physics data which are input to the Cycle 6 safety and

fuel performance analyses are developed from explicit fine mesh calculations
of fuel rod power and exposurs.

Those physics data which are burnup dependent, for example, maximum fuel rod
fluence and fuel rod power histories for FATES3E analyses, conservatively
envelope core and fuel rod behavior at the maximum b rnups as well as lower
burnups. Also, the power levels of the high burnup rods are more than 30%
below the EOC peak rod power levels.

5.2 Physics Analysis Methods

P I Analytical Input to In-Core Moasuggg!nta

In=core detector measurement constants to be used in evaluating the reload
Cycle power distributions will be calculated in accordance with Reference 5-1.

$ogd Uncertainties in Measured Power Distributions

The planar rad al power distribution measurement uncertainty of 6,92%, based
upon Reference &-1, will be applied to the Cycle 6 COLSS and CPC en~line
calculations which use planar radial power peaks. The axial and three-
dimensional power distribution measurement uncertainties are determined using
the values in Reference 5~1 in conjunotion with cther monitoring and
protection system measurement uncertainties.

Sk id Nuclear Design Methodologx

As in the Reference Cycle, the Cycle 6 nuclear design was performed with two-
and three-dimensicnal core models using the ROCS computer code and employing

DIT calculated cross sections. The ROCS~DIT code and the MC module were
described in Reference 5-2.

Recent developments in ABB/CE physics methodology (Reference 5-5) explicitly
account for the following additional physical phenomena: (1) anisotropic
scattering within che pin cells, (2) anisotropic neutron current at cell
interfaces, (3) assemcly discontinuity factors, and (4) the utilization of the
Nodal Zxpansion Method (NEM) in ROCS instead of the previous Higher Order

Difference (HOD) solution. The Cycle & design was performed using the
Reference 5-5§ methodology.

The Reference 5-3 methodology produces more accurate core power distribution
predictions by improving: 1) the global radial power distribution, where power

§-2
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sharing between neighboring assemblies is better modelled, and 2) the loecal

fuel pin power distribution within an assembly, where the predicted
distribution is flatter.

The ROCS-DIT methods and theories of Reference 5-2, as supplemented by
Refereace 5-5, have been reviewed by the NRC. In its acceptance of

Feference 5-2, the NRC approved the general physics theories employed by RJICS-
OIT and the analytical technigque used to obtain the calculational
uncertainties (95/95 limits) associated with the methodology, rather than the
actual values of the uncertainties. ABB/CE nas reviewed the available data
base and has determined that the calculational uncertainties are not
substantially different as a result of the new methods. The ROCS~DIT topical
and its SER anticipated that improvements tc the methodology would bLe made.
The NRC, in its approval, only required CE to reevaluate the uncertainties
associated with such analytical changes. Consequently, the ROCS-DIT Reference
=5 methodology 2. 1 be applied without additional NRC review. Additicnal
details are provided in Appendix A t  this report.

Negative reactivity insertion as a function of CEA scram bank position was
calculated using the one dimensional space-time code FIESTA (Reference S5-4).
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TABLE §-1
WATERFORD 3 CYCLE 6

NOMINAL FHYSICS CHARACTERISTICS

Reference

Dissolv ron Unit Cycle Cy
Dissclved Boron Concentratisn
for Criticality, CEA's
Withdrawn, Hot Full Power PPM 1156 1110
Boron Worth
dot Full Power, B0C PPM/%Ap 107 130
Hot Full Power, EOC FPM/%Ap 85 96
Moderator Temperature Coefficients
Hot Full Power, Equilibrium Xenon

Beginning of Cycle 10-%4p/'F 0.1 -0.,7

End of Cycle 10"%4p/*F ~2.5 ~2.1
Ceppler Coeffinient
Hot Zero Power, LOC 10~%Ap/*F =1.,7 1.7
Hot Full Power, BOC 10°%Ap/ "F 1.2 =1.2
Hot Full Power, EOC 10°%Ap/‘F -1.4 =1.4

Tot Delayed Neuy n Fracticn £f

BOC

£0C
R

Neutron Generation Time, 1°

BOC 10°% zec

BEOC 107% sec

0.0063 0.0062
0.0081 0.0051
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TABLE £-2

WATERFORD 3 CYCLE 6 LIMITING VALUES OF
REACTIVITY WOKTHS AND ALLOWANCES FOR HOT
FULL POWER STEAM LINE BREAK, 1Ap, EZND-OF~CYCLE {(E0C)

Reference
Cycle Cycle &
i. Worth of all CEAs Irserted »12.1 =10.40
s Stuck CLA Allowance + 2.3 + 1.06
3. Worth of all CEAs l!ess Highest
Worth CEA Stuck Out - 9.8 - 9.34
4. Fall Power Dependent Insertion
Limit CEA Bite A | +0.24
§. Calculated Scram Worth «5.5 . ¥
e
8. Physices Uncertaincy + 1.0 ¥ 8:%7
N Other Allowances + 0.8 * 0.3
8, Net Available Scram Worth - 8.3 = §.43

S T R — . e
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TABLE £+3

WATERFORE 3 CYCLE €
REACTIVITY WORTH OF CEA REGULATING GROUPS
AT HOT FULL POWER, 1Ap

Beganning of © End of Cycle
Reguiating Raference Peference
CEA's Lycle Zycle € —1CAS Cycle 6
Jroup 6 G.4 0.3 D.% 0.5
Group $ 0.5 0.% 0.6 0.4
Feoup 4 1.0 2.9 341 1.4

Nota:

Values shown assume sequential yroug insertivn,

-8




TABLE 1-3

SATERFORD 3 C¥CLE €
REACTIVITY WORTH OF CEA REGULATING GROUPS
AT HOT FULL POWER, 1Ap

Regulating Reference Reference _ 7
SEAs . Sycle fysle 6 Sxele ~tysle &
Sroup € 0.4 0.3 0.5 0.%
Geoup & g.5 0.% 0.8 J.4
Jroup 4 1.8 9.9 1.1 1.3

Values srown assume sequential group insartion.
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FRACTION OF RATED THERMAL POWER
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Assemb)

Figure 5-3

WATERFORD 3 CYCLE 6
Relative Power Density
HFP at BOC, Unrcdded

F2[2

1 4O
0.348 | 0.84]
3 FIfe  FI(s o1(6 M7 G2
0.237 | 0.371 | 0.720 | 1.175 | 1.098
& Fl{9  HWi[10 co{1 w2l12 s62{13 w2
0.324 | 0.852 | 0.953 | 1.180 | 1.127 | 1.30
4 r2|1s w16 62|17 We|1e o119 W2le0 G2
0.311 | 0.913 | 1.025 | 1.300 | 1.211 | 1.290 | 1.139
21 Fl{2z Hi|23  c2|24  Gol2s G2([26 w227 fol28 W2
0.235 | 0.844 | 1.026 | 1.283 | 1.281 | 1.311 | 0.917 | 1.238
29 F1(30 6o[31 W2[32 2|33 60|34 FO|3s M2|36 o2
0.370 | 0.951 | 1.302 | 1.250 | 1.301 | 0.993 | 1.278 | 1.138
37 G138 H2|39 cileo wW2le1 Folaz  W2|e3 G2les w2
45 F2( 0.719 | 1.180 | 1.210 | 1.307 | 0.989 | 1.321 | 1.22¢ | 1.340
0.348 |46 HI|47 G2[48 2|49 Fo[s0 H2|S1 G2|%2 G1lS3 G2
54 HO| 1.175 | 1.127 | 1.289 | 0.916 | 1.276 | 1.22¢ | 1.191 | 1.108
0.841 |55 G2|%6 M2|57 62|58 H2[se G2|60 H2l6l G2lez C
1.095 | 1.303 | 1.139 | 1.238 | 1.138 | 1.340 | 1.108 | 0.769

Maximum 1-Pin Peak = 1.503 in Assembly 24

X = Quarter Core Assembly Number
Y = Fuel Batch
I = Integrated Power Density

5-10




Figure 5-4

WATERFORD 3 CYCLE 6

HFP at MOC, Unrodded

Assembly Relative Power Density

1 f2z Ho
0.351 | 0.771

3 Flle  AIls Glle  HI|7 G
0.257 | 0.396 | 0.752 | 1.148 | 1.¢3¢
'8 file  Wi[10 G011 H2|1z e2l13  we
0.335 | 0.887 | 0.941 | 1.237 | 1.127 | 1.369
4 f2l15 W16 62(17 We|18  G1[19 w2lzo G2
9.323 | 0.896 | 0.957 | 1.306 | 1.197 | 1.388 | 1.184
21 Flez wWif2a c2lee  coles G2f2s  wW2l27 roles  we
0.285 | 0.851 | 0.957 { 1,132 | 1.143 | 1.354 | 0.56v | 1.364
i F1[30 G0[31 W2|3z 62|33 Go|aé  FO|3s welss oz
0.395 | 0.939 | 1.306 | 1.142 | 1.17¢ | 0.978 | 1.366 | 1.170
37 61]28  K2|39  clleo  m2la1  rola2  M2|a3 G2las 2
| [ 0.732 | 1.237 | 1197 | 1.381 | 0.976 | 1.361 | 1.207 | 1.388
0.351 [46 W[ orlee w3 Tolso H2[s1 c2(s2 G1ls3 G2
Is4 [.148 | 1,126 | 1.388 | 0.968 | 1.365 | 1.207 | 1.119 | 1.038
, 0.771 [$5 G2|§§ wr|S7 2|8 H2|s9 G2|eo m2le: czlez ¢l
‘————--1_1:036 1.369 | 1.184 | 1.364 | 1.170 | 1.386 | 1.035 | 6.739

Maximum 1-Pin Peak = 1.485 in Assembly 19

X Y X = Quarter Core Assembly Number
| Y = Fuel Batch

I = [ntegrated Power Density
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Figure 5-§

WATERFORD 2 CYCLE 6
Assembly Relative Power Density
HFP at EOC, Unrodded

1 F2lr MO
0.389 | 0.771

3 FflIl4 Afs elfe  wm|r a2

0.321 | 0.465 | 0.782 | 1.138 | 1.001
8 FI{9  Hi[10 cof11 W2l12 G213 w2

0.405 | 0.9°4 | 0.987 | 1.300 | 1.106 | 1.364
14 r21s wWil16  G2{17 w218 c1l19 m2lz0 2

0.394 | 0.973 | 0.974 | 1.333 | 1.168 | 1.391 { 1.182
21 fljez Wi|23 G2|ae  coles  G2lee  wW2|27  rolee  we

0.320 | 0.949 | 0.973 | 1.069 | 1.075 | 1.34¢ | 0.975 | 1.370
29 F1{30 GO|31 M2|32 62(33 O34 Fol3s w236 G2

0.464 | 0.986 | 1.334 | 1.075 | 1.078 | 0.949 | 1.3¢¢ | 1.115
}37 G1[38  H213% 61,40 H2|41 Fole2 n2|e3 G2lad w2

e F2| 0.782 | 1.300 | 1.169 | 1.34¢ | 0.548 1.310 | 1.108 | 1.311
0.389 146 M7 G248 2|49 Fols0 H[s1 G2ls2 ol[saly G2

5o Ho| 1.138 | 1100 | 1.391 | 0.975 | 1,344 | 1.108 | 1.006 | 0%ss
0.771 |88 G2(56 H2|S7 G2|58 M2(%9 2|60 w2l61 G2.62 CI

| 1.001 | 1.364 | 1.152 | 1.370 | 1.115 | 1.311 | 0.939 | 9.708

Maximum 1-Pin Peak = |.488 in Assembly 48
X ¥ X = Quarter Core Assembly Number

~a

Y = Fuel Batch
{*= Integrated Power Density

$-12




Figure 5-6

WATERFORD 3 CYCLE €
Assembly Relative Power Density
HFP at BOC with PLCEA's

1 22 Mo
| 0.388 0.837—]
P T T T
0.244 | 0.382 | 0.733 | 1.176 | 1.112
& FIl9  HWI|10 GO[11 M212 G213 W2
0.333 | 0.858 | 0.966 | 1.177 | 1.142 | 1.36%
14 f2l1s wil1e 62|17 W2{18 61019 Helzo ‘5§ﬂ
0.319 | 0.921 | 1.048 | 1.290 | 1.198 | 1.272 | 1.148
21 Filez Wiles 2|2 co|es c2|ee weler rolzs  me
0.262 | 0.850 | 1.048 | 1.298 | 1.246 | 1.191 | 0.909 | 1.227
29 F1030 cola1 we|sz cz|33 colat  rolss  weles 62
1 0.381 | 0.963 | 1.290 | 1.245 | 1.295 | 0.989 | 1.266 | 1.154
37 6148 W2(39 c1e0 w2ler Folez w2le3 G2lad  ne
w5 f2) 0.733 | 1176 | 1.197 | 1.187 | 0.985 | 1.318 | 1.246 | 1.382
0.355 (46  W1[47 G2[48 w249 O[S0 H2[S1 wG2|s2 G1]83 G2
¢ HO{ 1.176 | 1.142 | 1.27) | 0.908 | 1.265 | 1.245 | 1.229 | 1.148
0.838 S5 G2(56 2|57 cG2[se M2|s9 c2le0 H2ler G2lez ci
1102 | 1.302 | 1.148 | 1.227 | 1.154 | 1.352 | 1.148 | 0.789
Maximum 1-Pin Peak = 1.513 in Assembly 24
l X ¥ X = Quarter Core Assembly Number

I i

Y = Fuel Batch
Z = Integrated Power Density
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Figure §-7

WATERFORD 3 CYCLE 6
Assembly Relative Power Density
HFP at BOC with Bank 6

5-14

l F2|2 HO
0.364 | 0.856

3 F1{4 FI1{5 Gl|6 H1{7 G2

0.260 | 0.4C1 | 0.754 | 1,194 | 1,124
8 F1{9 HI{10 GOJI1 HM2{12 G213 W2

0.357 | 0.914 | 1.015 | 1.208 | 1.136 | 1.274
16 F2(1s Wi[16 G217 wW2|1e 61|19 2|20 G2

0,342 | 0 987 7 | 1,362 | 1.233 | 1.209 | 1.014
21 Fli22 H1|23 G2|24 Gol2s G2|26 2|27 Fol2s Mr

0.257 | 0.905 | 1.117 | 1.381 | 1.323 | 1.304 | 0.816 | n.724
29 F1|30 GO|31 H2|{32 G2(33 GO(34 FO|35 2|36 G2

0.399 | 1.012 | 1.363 | 1.322 | 1.3%6 | 1.003 | 1.183 | 1.008
37 G1I38  H2(39 G1|40 H2|4: rol42 2|43 62|44 W2

[]5 rz‘ 0.753 | 1.206 | 1.232 | 1.300 | 0.999 | 1.306 | 1.205 | 1.29]
0.364 |46 H1|47 G2|48 H2({49 FO|SO 2|51 G2(%2 G1{83 @2

54 HO| 1.194 | 1,135 | 1.208 | ..815 | 1.182 | 1.208 | 1.19% | 1.119
0.856 |55 G2(56 H2|57 G2(58 H2|59 G2|60 H2|61 G2 Gé 1

1,124 | 1.274 | 1.004 | 0.724 | 1.00% | 1.291 | 1.119 | 0.772

Maximua 1-Fin Peak » 1.623 in Assembly 24
X Y X = Quarter Core Assembly Number
Y « Fuel Batch
I = Integrated Power Density



Figure §-8

WATERFORD 3 CYCLE 5
Assembly Relative Power Density
HFP at BOC, Bank 6 and PLCEA’'s

] F2i2 MO
0.376 | 0,885

3 F1(4 F1{5 Gl|6 H1{7 62

0.264 | 0.408 | 0.770 | 1.226 | 1.1%6
8 F119 HI110  GOJ11 H2|12 62|13 M2

0.362 | 0.924 | 1.023 | 1.220 | 1.1%5 | 1.299
14 Fz|15  HI|16 G2|17 H2[18 G1{19 H2|20 @2

0.346 | 0.996 | 1.122 | 1.355 | 1.216 | 1.208 | 1.022
el Fl{22  HI|23 G2f24 GO|25 G2(26 M2|27 fol2e M2

0.262 | 0.915 | 1.121 | 1.374 | 1.296 | 1.187 | 0.800 | 0.722
29 F1130 GO|31 h2|32 G2|33 GO|34 FO[35 2|26 G2

0.406 | 1.021 | 1.356 | 1.295 | 1.326 | 0.981 | 1.178 | i.007
37 6l 38- A2139  Gl{40 H2(41 Fn(42 H2/43 G2l44 W2

4 F2{0.770 | 1.219 | 1.215 | 1.183 | 0.377 | 1.303 | 1.214 | 1.308
0.376 (46 Wi[e7 G2|48 H2|49 FO|SO W2|si 62|52 c1|ss G2

54 HC; 1.226 | 1.154 | 1,207 | 0.799 | 1.174 | 1.214 | 1.217 | 1.138
0.885 (55 G2|56 H2|57 G2(58 M2|S9 G2(60 HWzlel G2l62 I

1.156 | 1.299 | 1.022 | 9.722 | 1.007 | 1.305 | 1.139 | 0.708

Maximum 1-Pin Pesk = 1.602 in Assembly 24
‘"77——_7" X = Quarter Core Assembly Number
| Y = Fuel Batch .
4 I = Integrated Power Density
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Figure §

-9

WATERFORD 2 CYCLE 6
Assembly Relative Power Density
HFP at EOC with PLCEA’s

1 f22 HO'
0.402 | 0.797

3 Flle file a1l Hl|7 62

0.328 | 0.474 | 0.800 | 1.168 | 1.00
8 F1{9  Wi{10 o1 Hel12 G213 we

0.412 | 6.968 | 0.998 | 1.315 | 1.122 | 1.390
e f2)1s wif16 62|17 k2|18 61|19 mel20  ce

0.401 | 0.986 | 0.981 | 1.326 | 1.152 | 1.389 | 1.160
21 Fll22 w23 celee coles G226 m2ley  rolzs  me

0.326 | 0.963 | 0.980 | 1.065 | 1.048 | 1.219 | 0.958 | 1.368
29 F1/30 60|31 M2|32 62|33 GoO[34 FO|35 n2|36 o2

C.474 | 0.997 | 1.327 | 1.048 | 1.050 | 0.926 | 1.33¢ | 1.117
37 61{33 H2)39 c1le0 H2|a1  rFolez m2le3 c2las w2

45 F21 0.800 | 1.315 | 1.152 | 1.219 | 0.925 | 1.30¢ | 1.115 | 1.328
0.402 |46 1|47 G2(48 Hel4y FO[SO H2'S1 G2|S2 1|83 62

5e w1060 | 1122 | 1309 | o.088 | 1956 1.115 | 1,019 | 0.956
| 0.798 (85 G2|s6 H2[S7 G2[s8 M2|s9 G2[60 M2|e1 c2le2  cl

i | 1030 | 1.390 | 1.160 | 1.368 | 1.117 | 1.325 | 0.956 | 0.721

Maximum 1-Pin Peak = 1,506 in Assembly 56
X Y K = Quarter Core Assembly Number

Y = Fuel Batch
I = Integrated Power Density



Figure §-10

WATERFORD 3 CYCLE 6
Assembly Relative Power Density
HFP at EOC with Bank 6

1 F2l2  HO
0.417 1 0.82%5
3 Fl)4 FI|1§  Gl|6  HI1|7 62
0.353 | 0.503 | 0.831 | 1.197 | 1.049
8 FI|9 HI|10 GO|1l H2|12 62|12 H2
0.438 | 1.042 | 1.057 | 1.358 | !.1¢2 1.36§§
14 F21I8  H1{16 G2{17 H2[18 G1|19 H2{20 @2
0.435 | 1.068 | 1.057 | 1.412 | 1.188 | 1.312 | 1.009
2l Flj22  Hi1|23 2|24 Gol2s 62|26 H2|27  folze H2
0.351 | 1.037 | 1,056 | 1.144 | 1.122 | 1.334 | 0.844 | 0.762
29 F1130  GO(31 w232 G2{33 Go(34 FOI35 M2|36 G2
0.502 | 1.087 | 1.412 | 1.122 | 1.103 | 0.935 | 1.230 | 0.947
37 GI{38  H2139 Gl{e0 H2|41 FO|42 2|43 2|44 H2
4 F21 0.831 | 1.358 | 1.188 | 1.333 | 0.934 | 1.288 | 1.071 1.252
0.417 146 HI1|47 G2|48 H2[49 FO[S0 H2|51 G2(52 @) 53 G2
54 HOf 1.198 | 1.120 | 1.312 | 0.843 | 1.229 | 1.071 ! 0.990 0.928
0.825 |55 G2(56 H2|57 G2|58 H2|59 G2({60 H2|{s1 G2le2 Cl
1.049 | 1.363 | 1.009 | 0.762 | 0.947 | 1.252 | 0.928 | 0.703
Maximum 1-Pin Peak = 1.561 in Assembly 31
r;".-—;~ X = Quarter Core Assemtly Number

Y = Fuel Batch
I = Integrated Power Density
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“igure §

-11

WATERFORD 3 CYCLE 6
Assembly Relative Power Density
HFP at EOC, Bank 6 and PLCEA'Ss

] F2l2 WO
0.43]1 | 0.853

3 F1|4 F1|5 G1(6 H1|7 G2

0.361 | 0. 514 | 0.851 | 1.229 | 1.079
8 F1{9  HI{lo co[i1 H2[12 62|13 w2

0.457 | 1.058 | 1.070 | 1.374 | 1.139 | 1.389
14 F2{15 HI|16 G2|17 H2{18 G1[19 H2|20 G2

0.444 | 1.085 | 1.065 | 1.406 | 1.172 | 1.209 | 1.016
21 Fll22 H1j23 G2|24 GO{25 G2|26 M2|27 Fol28 W2

0.359 | 1.052 | 1.064 | 1,141 | 1.095 | 1.209 | 0.824 | 0.757
29 F1130 60{31 H2|32 G2(33 GO(3¢4 FO[35 2|36 G2

0.513 | 1.069 | 1.4C3 ' 1.095 | 1,073 | 0.910 | 1.216 | 0.947
37 G1|38 H2(39 Gl{40 H2(41 FO|42 H2|43 G2|a4 H2

r;;-_—;;w 0.851 | 1.37% | 1.172 | 1.208 | 0.908 | 1.280 | 1.076 | 1.263
0.431 |46 H1[47 G2(48 H2|49 FO|SO H2|51 G2(82 G153 G2

54 HO| 1.230 | 1.139 | 1.309 | 0.824 | 1.216 | 1.076 | 1.003 | 0.943
0.853 |55 GZ|S6 H2|57 G2|S8 H2|59 G2/60 H2|61 G2l62 cC1

1.079 | 1.389 | 1.016 | 0.757 | 0.947 | 1.263 | 0.943 | 0.717

Maximum 1-Pin Peak = 1.564 in Assembly 31
X Y X = Quarter Core Assembly Number

Y = Fuel Batch
I = Integrated Power Density
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6.0 THERMAL-HYDRAULIC DESIGN
61 DNBR Anoiysis

Steady State Departure !{rom Nucleate Boiling Ratio (ONBR) analyses of Cycle ¢
4t the core rated power level of 1390 MWt have been performed using tha TORC
computer code described in Reference 6~1, the CE=l Critical Heat Flux (CHF)
sorrelation descriced in Peference t=d, the simplifiea TORC modeling methoas
described in Raference 6~3, and tne CETOP code described in Reference €-4.

Table ¢~1 presents & compatison ¢of pertinent thermal-hydraulic desagn
parameters for Cycle ¢ and the Reference Cycle, The Statistical Combinatior of
Urcertainties (sCU) methodology presented in Reference 6-% was applied with
Naterford 3 specific data. This was done using the calculaticnal ftactors
iisted in Table 6-1 and cther uncertainty factors at the 95/6%

confidence/probability sevel ta define a design limit of 1.26 on CE-1 minimum
DNBR |

The Cycle & DNBR limit intiudes the following allowances:
- NRC specificd aliowancis for TORC code uncertainty and CE-~1 CHF

correlation <ross val.dation ancertainty, as discussed in
Reference 6-10.

L

An NRC imposed 0.01 DNRR penalty for MID-i grids as discussed in
Reference 6-6, 6=7, and ¢-8.

3, Rod bow penalty as discussed in Saction 6.. below.

6.¢ & Luel R wing oo PNBR Marg.n

Effects of fuel rod bowing on DNBR
and setpoint analyses in the manner
penalty used for tnis analysis,
burnups up to 30,000 MWD/T. This

margin have been incorporated in the safety
dlscussed in References §-% and 6=9, The
1.75% on mindmum DNBR, is valid for bunudle
penalty is included in the 1,26 DNBR limit,
For assemblies with burnups gtester than 10,000 MAD/T, sufficient margin

#Xx1s8ts to offset rod bow penalties due to the lower radial powar peaks in
these higher burrup batches, Hence, the rod bow penaity based upon Reference

6=9 for 30,000 MWD/T is applicable for all dssembly burnups exvected for
Cycle 6.

é=1

S TTE . Em
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The i M

deneral Characteristics

TARLE 6+1

Waterford 3 Cyvole &

Z04%e

Reference

Total Heat Qutput (Core snly)

Fraction of Heat Generated in
Fuel Hod

Primary System Pressure
(Nominal)

inlet lemperature (Nominal)

Tortal Peactor GCovlant Flow
(Minimum Stoady State)
Coclant Flow Through Core
(Minimum)

Hydraulic Diameter
(Nominal Channel)

Average Mass Velocity

Pressure Drep Across Core
(Minimum steady state flow
irreversible AP aver entire
fuel assembly)

Total Pressure Acyoss
Vessel (Based on nominal
aimensions and mindmum
steady state flow)

Lore Average Heat Flux
{Accounts for fracticn of
heat generated in fuel rod
and axial densification
factor)

Total Heat Transfer Area
(Accounts for axial
densification factor)

MWt

10%BTU/hr

-

psia

'r
apm

10% lb/he
10% 1b/ine

fL

10% 1p/hr-fe?

psi

psi

BTU/hr~ft~

t.f

&~2

2390
11570

0.97%
2250
$53.0
396, 0u0

148.0
144.2

0.029

2.64

15.4

41.8

182,700 **

61,700"**

~Zyede (2)  Cycle 6

3380
11570

0.978
2250
$83.0
396,000

148.0
149.2

0.039

2.64

15.4

41,3

185, 400"

60, 800"

|
|
|
1
i
’
E
h
|
.
|
i
|

e — R —" E—m———




Reference ‘

- = ~a ] ’
Genecra) Characteristics JOits
Film Coefficient at BTU/hr=fri="F 6200
Average Conditions
Average Film Temperature ‘F 9.3
Difference
Average Linear Heat Fate LW/ Et 5,34
of Undensified Fuel Rod
(Accounts for fraction of
heat generated in fuel :od)
Averace Core Enthalpy Rise BTU/1b §0.3
Maximum Clad Surface F 656.7
Temperature
Engineering Heat Flux Factor - 1.03**
Engineering Facter on Hot c——— 1.03%*
Channel Heat Input
Rod Pitch, Bowing and Clad cm—— 1.08""
Diameter Factor
Fuel Densif. :atien Factor ———- 1,002
(Axial)
NOTES

»

e

Based on 2348 poison rods.

These factors have been combined statisticall

factors at the 95/9% confidence/probability 1
iimit on CE~1 minimuwin DNBR when

Reference 6-5,
Based on 1728 poison rods,

¥ with cther uncertainty
evel to define a new desigr
iterating on power as discussed in

Fyede (2)  Cycle €

§200 |

R e T e R R =

£0.3

o

6%6.7 '

1.03*"

1.08""

e e

1.08**

S
e et ek A T




7.0 HON-LOCA SAFETY ANALYSIS
1.9 introduction

This section presents the results of the Waterford 3 Cycle & Non-LOCA safety
analyses at a rated power of 3410 MWt

The Design Basis Events (DBE's) considered in the safety analyses are listed
in Table 7.0.1. These events ave categorized into three groups: Moderate
Frequency, Infrequent, and Limiting Fault Events. For the purpose of this
report, the Mocderate Frequency and Infrequent Events are referred to as
Anticipated Operaticvnal Occurrences (ACO's) ., The DBE's were evaluated with
respect to four criteria: Offsite Dose, Reactor Coolant System Pressure, Fuel
Pertormance (DNBR and Fuel Centerline Melt Specified Acceptable Fuel Design
Limits (SAFDL's)), and Loss of Shutdown Margin. Tables 7.0-2 and 7.0~§ present
the list of events analyzed for each criterion. All events were reevaluated to
assure thut they meet their respective criteria for Cycle 6. The CBE's chosen

for analysis for each ~riterion are the limiting events with respect to that
criterion.

For the event analyses pPresented, a discussion of the reasonis) for the
reanalysis, a discussion of the cause(s) .f the event, a description of the
analyses performed, results, and cenclusions are included.

7.0/8 (o] An s

The analytical methodology used for Waterford 3 Cyele € non=LOCA safety
analyses is the same as pPreviously presented unless otherwise stated in the
évent presentation. Only the methodology that has been previocusly reviewed and
approved on thy Waterford 3 docket or on other dockets is used. The Reference
Cycle for the individual DBE's is taken to be the last Cycle that the results

for the individual eveits were Presented to the NRC (Cycle 1, Reference 7-1,
or Cyele 2, Reference 7-2).

Changes in inputs to the non-LOCA safety analyses, whether from the Cycle 6

core loading or from other changes to the plant configuration are assessed to
delermine if a reanalysis of any DBE is required,

Tl v hemat Mo

The following mathematical models and computer codes were used to analyze the
DBE's for Waterford I Cycle 6.

Plant response for non-LOCA events was simulated using the CESEC 111 computer
code (Reference 7-3), Simulation of the fluid conditions within the hot
channel of the reactor core and calculation of DNBR was performed using the
CETOP-D computer code described in Reference 7- 6,

The HERMITE computer code (Reference 7=7) was used to simulate the reactor

core fur analyses which required more spatial detail *han is provided by a
point kinetics model.

G T S ——
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Table 7.0~

Waterford 3
Design Basis Events t2nsidered in the ng{g_j_ﬁg;g;x_gnl$¥‘$!

increase in Heat Removal by the Secondary System

T:1:% Decrease .n Feedwater Temperature
P increase in Feedwater Flow
I B increased Main Steam Flow
Tl a8 Inadvertent Cpening of a Steam Generatoy Safety Valve
or Atmospheric Dump Velve
7:.:8 » Steam System Piping Failures
Decrease in Heat Removal by the Secondary System ‘
Y 11 Loss of External lLoad '
Y.2.3 Turbine Trip |
7.8:3 Loss of Condenser Vacuum
7.2.4 Loss of Normal AC Power
1189 Loss of Normal Feedw ter
Vi 8 Feedwater System Fipe . cake
Decrease in Reacior Coolant Flowrate
5 TR Partial Loss of Forced Reactor Coolant Flow
Y22 iotal Loss cf Forced Reactor Coolant Flow
7.3.3 % Single Reactor Coolant Pump Shaft Seizure / Sheared

Shaft

Reactivity and Power Cistribution Anomalies

7.4.1 Uncontrolled CEA Withdrawal from a Suberitical or

Low Power Condition

Uncontrolled CEA Withdrawal at Power

CEA Miscperation Events

Chemical and Volume Contrel System (CVCS) Mal. .nction
(Inadvertent Boron Dilution)

Startup of an Inactive Reactor Coolant System Pump
. CEA E‘ection |

i I
E
&=t M

4 ~3

Ea
o W

Increase in Reactor Coolant fystem Inventory

IS | CVCS Malfunction

Te8ae Inadvertent Operation of the ECCS During Power
Operation

Decrease in Reactor Coolant System Inventory

7:.6.1 Fressurizer Pressure Decrease Events

T B2 * Sma'l Primary Line Break Outside Containment

T893 = Steam Generator Tube Rupture

Migscellanecus

;% O Asymmetric Steam Generator Events

Categorired as Limiting Fault Events
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Teble 7.0-2

UBE's Evaluated with Paspect ts Offsite Dose Critericon

~Event

Al

1)

8)

1)

—DRfults

Anticiputed (peraticnal Oceurrences

‘nadercent Cpening of a Steam
Genera.or Salety Valve or
Atmospheric Dump Valve

Less of Normal AC Pover

Limiting Fault Events

Steam System Piping Failures:
a) Fre-Trip Power Excursions

b Post Trip Analysis
feedwater Iystem Pipe Breske

Single Feactor Coolant Pump
Shaft Ceizuve/Sheared Shaft

Small Pristury line Break Outside
Containment

Steam Gonerator Tube Rupture

-4

Bounded by
Referance Cycle

Bounded by
Reference Cycle

Bounded by
Reference Cycle
Bounded by
Reference Cycle
Bounded by
Reference Cycle
Bounded by
Reference Cycle
Bounded by
Reference Cycle
Bounded by
Reference Cycle

-
| 1

e




Table 7.0~3

BBE's Evaluated with Hassect Yo G5 Fressure Criterion

Feedwater System Pipe Breaks

-8

jection Event HResults
Al Anticipated Cperational Ocecurrences
7.2.2 1) Lose of Externa. Load Bounded by
Refurence Cycle
7.2.8 2) Tagkiae Trip Bounded by
Fesfalence Cycle
7:8.9% 1 Loss of Condenser Vacuum Bounded by
Reference Cycle
7.2.4 4) Loss of Normal AC Power Bounded by
Reterence Cycle
V.28 9) Loss of Normal Feedwater Bounded by
Reference Cycle
7.4:1 6) Uneentrolled CEA Withdrawal Bounded by
from Suberitical or Reference Cysle
0w Fower Conditions
1.4.8 T Uncontrolled CkA Withdrawal Bounded by
it Power Reference Cycle
VoBad 2) CVCS Malfunctisn Rounded by
Refe:srnce Cycle
7.8.8 ") Inadvertent Operation of the Bout.aed by
ECCS During Power Operation Referince Cycle
B) Limiting Fault Events
T.8.% ]

Bounded by
Reference Cycle
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Table 7.0+4

CBE's Evaluated with Respact Lo fuel Ferformance

Segticon Event

A) Anticipated Operatiocnal Occuriences

P
»

P

—

Decrease in Feedwatey Temperature

.4 2) increase in Feedwater Flow
¥:1.:2 3) increase in Main Steam Flow
7.4.4 4) Inadvertent Opening >t a Steam
Generator Safety Valve or
Atmospheric Dump Valve

7.3.1 5) Partial Loss of Forced Reactor
Coolant Flow

1:3.2 6) Total Loss of Forced Reactor
Coclant Flow

7:4.1 74 Uncontrolled CEA Withdrawal
from Subcriticul oy
Low Power Conditions

T4 8 8) Uncontrolled CEA Withdrawal
at fuwer

7.4.3 93 CEA Misoperation Events

7.6.1 i0) Pressurizer Pressure Decrease
Events

[

11) Asymmetric Steam Generainr Events

B) Limiting Fault Events

1% steam System Piping Failures:

7.31.5.a al Pre=Trip Power Excursions

7:3.8:8 ©) Post Trip Arn:lysis

7,3.3 2) dingle Reactor Coolant Pump
Shaft Seizure/Sheared Shafe

7.4.6 N CEA Ejection

1-§

Resuits

Bounded by
Referencs Cycle
Bounded by
Reference Cycle
Not Rounded by
Reference Cycle
(presented)
Bounded by
Reference Cycle

Bounded by
Reterence Cycle
Bounded by
Hefererte Cycle
Bounde.. by
Reference Cycle

Bounded hy
Reference Cycle
Bounded by
Reference Cycle
Bounded by
Reference Cycle
Bounded by
Reference Cycle

Bounded by
Reference Cycle
Bounded by
Reference Cycle
Bounded by
Reference Cycle
Bounded by
Referance Cycle

e i




RBE’: Evaluated wig! fEospect Lo Shutdown Mapgih Criterion

Table 7.0-%

I ——

fectisn Event BResults
A)  Anticipated Uperavicnal Cecurrences
158 1) ingdvertent Opening of a Steam Bounded by
Generator Safety Valve or Reference Cycle l
Atmoupheric Dump Valve
7.4.4 <) CVCS Malfunctien dounded by
(Inadvertent Boron Dilution) Reference Cyzle
7.4.8 3) Startup of an Inactive Reactor Bounded oy |
Coolant System Pump Reference Cycle ;
B) Limiting Fault Events :
1) iteam System Piping Failures:
7.4.5.b 5)

Post Trip Analysis

-7

Bounded by
Reference Cycle
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Table 7.0-4

Waterford 3 Cyole 6

Cote P
Frevious Cycle
Values
Gatety Farameters Units (Cycle ) _Cycle 6 Values
Total RC8 Power MWt 3478 3478
iCore Thermal Power
+ Pump Heat)
LYore Inlet Steady State ‘r 542 to 560 542 to %60
Temperature (70% powes and (70% power and
above) above)
520 to 560 520 to 560
(below 70% power) (below 704 power)
fteady Etate paia 2000 « 2300 000 - 2300 4,
RCS Pressure §$~
Rated Reactor GPM 396,000 to 396,000 to
Coolanty Flow 410,000 410,000
Axial Shape Index LCO AS1 «.3°%0 4.3 “3 to +.3
Band Asswied for Units
All Powers
Maximem CEA Insertion % Insertion 28 28
at Full Power of Lead Bank
% Insertion 25 25
of Part-Length
Maximum Initial Linear KW/ ft 13. 4 13.4
Hegt FRate
Steady State Linear KW/ ft 21.0 21.0
Heat Rate for Fuel
Center Line Meit
Minimum DNBR
CE~1 (SA¥DL) 1.26 1.2R
Macbeth (Fuel failure 1,30 L3l

limit for post-trip
SLB with LOAC)

78
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Table 7.0-6 (cofitisued) f

Previous Cycle

Values
fafetry Paransters Units _ICycle %) —Lxcle € Values |
| Moderatotr Temperature 10%4Ap/'F «3.3 to +0.8 3.3 to .8 |

Coefficient (below 70% (below 708 power)

power) 3.3 to 0.0 |
=3.3 to (.0 (70% ~ower and i
(70% power and above) #

above)
Shutdown Margin 1Ap ~5.15 -5 15 ;
(Value Assumed in :
Limiting EOC ||
Zero Power SLB) :
3
Time for the Average Seconds 3.0 3.0 ;
CEA Position to Reach !
0% Insertion Following 3
Opening of the Trip ﬁ

Lreskers
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INCREASE IN HEAT REMOVAL BY THE SECONDARY SYSTEM

cdied Decrease ia enwater Tamperature
The results are boundes by the Reference Cycle

N

increase in Feedwater Flow
The resuits are bounded by the Reference Cycle

33 ingreased Main Steam Flow

The Increased Main Steam Flow event with a loss of AC Power and the assuciated
coastdewn of the Reactor Ceolant Fumps is an event for which the number of
fuel pins predicted to experience DNB will be calculated. The flatter
distribution of fuel rod powers ("pin census") for Cycle € was evaluated to
quantify the percent of fuel pins experiencing DNB.

Although the percent of fuel pins predicted to experience DNB remains small,
the Cycle & value for the percent of fuel pins predicted to experience DNB is

not bounded by the value reported in the Refurence Cycle (Cycle 1) for this
avent ,

Using the method of statistical convolution. the FSAR reported 0.83% cf the
fuel pins will experience DNB,

71.3.,3.1 Tdentification of Causes

“he Increased Main Steam Flow évent is conservatively assumed to use up all
the thermal margin preserved by COLSS aud the other LCO's through the
combination of increases in tore power and decreases in RCS pressure., The
rlant is postulated to reach a temporary steady state condition with the peak

PAn in the core just above the conditions which would result in a CPC Low DNBR
Trip.

The perturbation in the secondary system due to the decreased secondary system
pressure is then postulated to result in a turbine trip. A Loss of AC power
(LOAC) i3 postulated to immediately accompany the turbine trip. The LOAC is
postulated to interrupt power to the RCP's causing a 4 pump coastdown,

As soon as the decrease in flow is detected by the CPC's, the CPC calculation
of DNBR will return a value lower than the trip setpoint. The Cycle 6 analysis
credits the timing of the CPC caloulations of DNBR which yields a reactor trip
earlier than waiting for the RCP's to reach the Low Pump Speed setpoint. The

Low Pump Jpeed setpoint was used for reactor trip in the Reference Cycle
analysis.

T.4:3.2 Ef ' c

The Increased Heat Removal pPart of the transient has not been explicitly
modelled for Cycle € since it is conservatively assumed that this portion of
the event user up all the thermal margin initially preserved by the LCO's,
This assumption is conservative as explicit modelling of tha Excess Load
portion of the event would demonstrate that thermal margin to the SAFDL exists
at the time of LOAC. The analysis performed for Cycle 6 is equivalent to the
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analysis of a 4 pump losas of forced reacvor coolant flow initiated from
Tonditions at or just above the DNBR SAFDL.

To use up the initial margin, the increased heat removal must Sceur in the
presence of a negative Moderator Temperature Coefficient (MTC). However, a
fegative MTC has a beneficial effect for a 4 pump loss of forced reactor flow:
increased temperature rise across the core before reactor trip would provide
f<gative reactivity feedback with a fnegative MTC present.

The limiting MTC for the event is then a balance batween these two competing
effects. A previous pacametric study on MTC valid for Cycle 6 determined that
A value of ~1.05x10"% Ap/'F was the most limiting MTC value.

The following analytical Steps have been used in the Cycle ¢ analysis;:

The 1-D HERMITE code was used to model the flow ccastdown and
reactor trip portion of the even®.

- “he CPC Luw DNBR Trip is credited immediately after the beginni=~
°f the coastdown of the RCP's. This is done rather than waiting for the
Pumps to slow t2 the CPC Low Fump Speed setpoint., Modeled this vay, the
time from initiatien of the coz t down until the power is interrupted to
the CEA holding coils is reduced from 0.86 seconds to 0.35 second.

If the CPC Low DNBR trip setpoint was not immediately resched, [t would
mean that additional initial thermal margin must be present at the onset

of the coastdown. This additional margin would result in fewer fuel rods
experiencing DNB,

8, To avoid unrealistically combining the worst case MTC with the
wWOrst case pin census, burnup dependence of MTC was also accounted for,
The Cycle was divided between the times in life in which the MTC was
more negative than =2.0%10"* Ap/'F and those in which the MTC was less
negative than this value. Thus, a value of =1.05*10°% Ap/'F was assumed
for approximately the first 10,300 MWD/T burnup of Cycle 6 and a value
ot =2.0%10°% Ap/'F was assumed for burnups larger than this,

1. The results from HERMITE cases based upon these M?C values were
used to evaluate fuel pin DNBR. The percent of fuel pins violating the

SAFDL was calculated based on a4 bounding pin census chosen for each of
the two burnup ranges.

Table 7.1.3-1 contains the sequence of events for the Increased Main Steam
Flow event with Loss of AC, based on this trip timing. The Excess Load pertion
of the event begins at time T = 0. The initially preserved thermal margin is
teduced until some time, AT, at which time the core has reached a point just
above the DNBR SAFDL as calculated by CPC's. The specifics of AT depend upon

the rate and severity with which the increased Main Steam Flow is imposed upon
the RCSH,

At time AT the Loss of Offsite Power is assumed to occur. The CPC's sense the
decreased flow and generate & Low DNSR Trip. The power to *he holding ccils is
removed at AT + (.35 seconds., At AT + 0.95 seconds the flux in the holding
coils has decayed and the CEA's begin to drop into the core.

=11
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The transient ONBR reaches & minimum value at AT + 2.1 seconds and then
vegins to incresse. The value of *his minimum ONBR is 1,09, «hich is below
the Cycle € DNBR SAFDL and more adverse than the Reference Cycle result

of 1,096, After this minimum Value, event recovery proceeds as presented in
the FSAR,

-

7.,1.3.3 Results

The maximum number of ping predicted to experience DNB using the n. thed
statistical convolutior .s less than 3,00 for Cyele 6.

of

The predicted number of pins with ONBR values which decraase momentarily below
the SAFDL could be reduced considerably if other analytical steps wete
included. Applying power penalties in the CPC neutron power caiculationg,
detailed examination of the coolant flow inte the fuel assemblies with fuel
pine predicted to fail, and an explicit calculation of the eooldown and aytual
iome of operating margin are analyticul ateps which, if further applied, would
reducs the reporter amount of fuel pins experiencing DNB.

4

¢
As stated in the Wacwurforg 3 FSAR, even though some fuel Ping experiance :igi
for this event, fu_l ‘amage would not be expected since the maximum colag *

temperature would b far less than clad temperatures whicn could lead ts viad
failure,

7.1.3.4 Senglusions

With the assumption that ns additional thermal margin has been set aside a:
the beginning of the LOAC portisn of the event, the maximum number of pins
predicted to experience DNB is less than 3% for Cycle 6. This is Acceptable
since this results in only a small fraction of the fuel experiencing DNB.
Further, while fuel failure is net expected, a coolable core geomstry would be
maintained even if the 3.0% of fuel calculated to experience DNB failed. This
event is presented because the predicted maximum number of fuel pins in ODNB

for Cycle 6, while acceptapcle, is not bounded by the Waterford 3
Reference Cycle results ¢ th.s event
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Time (sec)

Table 7.1.3-1

iequence of Events for the Increased Main Steam F
in Combination with 2 L -s of AC Power

Event

Q.0

AT + 0.35

AT + 0,95
AT + 2.10

AT + 3.429

ar + 11.0
1,800

14,000

Malfunction of Control System causes
increased steam flow through the Turbine
“r the Turbine Bypass Valves

Thermal Margin Initially Preservesi by
COLSS Depleted, the Hottest Fuel Rod is
Just Above the DNBR SAFDL as Calculated

by the CPC's, Loss of AC Power is Assumed
and the Coast Down of the RCP's Begins.

Low DNBR Trip Generated by the CPC's,
Trip Breakers Open

CEA's Begin tc Drop

Minimum DNER Occurs

tverage CEA Ppsition 60% Inserted
Stear Generatur Safety Valves Open
Maximum Steam Generator Pressure
Operator takes cout.ul of plant

Shutdown Cooling Initiated

713

low

Setpoint or Value

-

-

1.C76
1073 PEIA

1124 psSIA
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Atmgsghgtxc Dump Valve

The results are bounded by the Reference Cycle

Steam Svstem Pipi Failures:

The results are bounded by the Reference Cyecle.

DECRE IN HEAT REMOVAL BY TH ECONDARY SYST

TAp— R S < T N S P —
B | gy -

Valve or

The results are bounded by the Reference Cycle for all

this category.

OECREASE IN REACTOR COOLANT FLOWRATE

The results are bounded by the Reference Cycle for all

this category.

REACTIVITY AND POWER DISTRIBUTION ANOMALIES

The results are bounded by the Refurence Cycle for all

this categery.

INCREASE IN REACTOR COOLANT SYSTEM INVENTORY

The resuits are boundead by the Referonce Cysle for ali

this category,

DECREASE IN REACTOR COOLANT SYSTEM INVENTORY

The resu.ts are bounded by the Reference Cycle for all

this ategory,

MISCELLANEOUS |

T34

W ACHNETRRAL Y NN peanw

tric Steam Generator Events)
The results are bounded by the Reference Cycle.
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8.0 ZCCE ANALYSIS

®.1  LARGE BREAK LOSS OF COOLANT ACCIDENT (LOCA

&b

8.1.1 introgugtion
SRS SNUMELIon

An Emergency Core Cocling System (ECCS) performance analysis of the limiting
bLreak size was performed for Waterford 3 Cycle & to demonstrate compliance
with 10CFRS0.46 (Reference B=11, the NR: Acceptance Criteria for Light Water
Raactors. The analysis Justifies an allowable Peak Linear Heat Ceneration Rate
\PLHGR) of 13,4 kW/ft. This PLHGR .s equal to the existing Waterford 3 limic.

The method of analysis and aetailed results which Support this vaive are
presented in the following sections.

8.1.3 Methods of Aralysis

The ECCE pecrfermarice analysis for wWaterford 3 Cycle 6 consisted of an
evaluation of the differences between Cycle € and the Reference Cycle
analysis. Acceptable ECCS performance was demonstrated for the Reference Cycle
0 Reference 8~2, The differences between Cycle & and the Refereance Cycle
incluae: 1) diffevences in fuel tycle related parameters, and 2) ciianges due
tC the debris resistant fuel design wnich was introduced in Cycle S and
previcusly evaluatea for irs effect on ECCS parformance .

The previous evaluation of the debris resistant fuel design concluded that the
blowdown and refill/reflooa hydraulics calculations performed for the

Reference Cycle remain applicable by inciuding a 3'F penalty to the calculated
peak clad temperature,

Jurnup dependent calculations were performed using the FATES38 version uf CE's
NRC approved fuel performance code (References 8=4, 8-5, and 8-%) and the
STRIKIN-II (Reference #-7) code to deturmine the limiting fuel raoa conditions
for use in the Cycle & ECCS performance evaluation.

-3 2
§.1.3 Results

Tabie 8-1 presents a comparison of the significant Parameters for Cycle 6 and
the Reference Cycle. The initial system flow rate, core flow rate, core inlet
and ocutlet temperatures used in the Reference Cycle analysis are the same as
those for Cycle 6. The pressure drops across the core along with the n mber of
plugged U-tubes per Steam Senerator are also identical. Theretore, it is
concluded that the blowdown ana refill/reflood hydraulic calculations employed
in the Reference Cycle analysis apply to the Cycle 6 analysis.

The limiting fuel rod conditions for the Reference Cycle and Cycle 6 are
compared in Table #-2, The hotr rod gas pressure at the limiting burnup for
Cycle 6 is not significantly different from the cerresponding pressure for the
Reference Cycle. The PLHGR in the average channel of _he hot assembly
increased sligntly. The average fuel and centerline temperatures decreased and
the gap conductance decreased from the Reterence Cycle. A hot rod temperature
transient calculacion demonstrated that the less favorable radiaticn heat
transfer characteristics are not offset by tne lower average fuel and

centerline temperaturss fsr Cycle 6. Figure 8~1 shows a plot of PCT versus
time for the hot spot ‘gcation.

.
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he peak clad temperature and Maximum local clad oxidation values of 2173'F
and 8.4%, respectively, for the Cycle 6§ analysis exceeds the corresponding
values for the Reference Cycle analysis of 2150'F and 7.93%. The 2173'F
“ycle § peak clad temperature includes the 3'F PCT penalty due to the debris
resistant fuel design. The core wide oxidation value for Cycle 6 is < 0.805%,
unchanged from that reported for tie Reference Cycle,

8.1.4 Conclusion

The ECCS performance analysis for Waterford 3 Cycle 6 resulted in a peak claa
Teamperature of 2173°'F, a maximum local clad oxidation of 8.4%, and a core wide
oxidation of < 0.805%, While the poT and local clad oxidation values exceed
the values previously reported for the Reference Cycle, these values are less
than the acceptance limits of 2200°F and 17%, respectively. The ‘ore wide
oxidation value is unchanged from .hat reported for the Reterence Cycle and is
iess than the acceptance limit of 1%. Therefore, operation at a PLHGR of

13.4 kW/ft and a power level of 2458 MWt (102% of 3390 MWt) will result in
acceptable ECCS performance for Cycle €.

2 = Dy e iy T
8.2 SMALL BREAK LOSS OF COOLANT ACCTOENT »

13 e
8ol introauction

An ECCS performance analyais of the limiting break size was performed for
Waterford 3 Cycle 6 to demonstrate compliance with 10CFRS0.46 (Reference B=1y
the NRC Acceptance Critevia for Light Water Cooled reactors.

B.2.¢ Method of Analysis

Tre ECCS performance Analysis for Waterford 3 Cycle ¢ consisted of an
evaluation of the differences between Cycle 6 and Cycle S and a comparison to
the Reference Cycle analysis, Acceptable ECCS performance was demonstrated for
tne Reference Cycle in Reference £=3. Acceptable ECCS performance for Cycle &
was documented in tne Cyc.e 5 Reload Analysis Report. It was determined that
all input data for Cvcole ¢ are bounded by the Cycle 5 data.

8.2.3 Resultrs

The peak cladding temperature, maximum local ¢ladding oxidation, and core wide

oxidation values of 1846°'FT, 1.7%, and 0.28%, revpectively, for :the Reference
Cycle apply conservatively rc Cycle &,

8.2.4 Conclusions

The Cyc.e & Sma!l Breax LOCA r@sults remain bounded by the Reference Cycle.
Cycle 6 Small Break LOCA results are less severe than those for the Cycle 6
Large Break LOCA, which remains limiting.
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Waterford 3

Table 8+-]

Cycle & ECCE Analysis

Signaficant System PFarameters

Parameter

Reference

Cycle

Reactor Power Level
(102% of Nominal,; ™MWt

System Flow Rate (Total), ibm/hr
Core flow Rate, lbm/hr

Cozre Inlet Temperature, 'F

Core Qutlet Temperature, T

Humber of ¥lugged U-Tubes
PRI Steam Generator

Cycle &

3458
148.0x10°¢
144.0x10°%

5578

618,86

400

3458
148.0x10¢
144.0x10¢

$57.%

618

400




Table B2
Naterford 3 Cycle b ECCS Analysis
Significant F _ meter
Reference
Parameter '!) Cycle : _Cyecle &
Feak Linear Heat Generation Rate,
HO% Assembly, Hot Channel, kW/ft 13.4 13.4
Fesk Linear Heat Seneration Rate,
Hot Assembly, Average Channel, kW/f: 12,188 12.409
Fuel Average Temperature
at PLHGR, "F e111:3 2102.1
Fuel Centerline
Temperature at
PLHGR, 'F $323.86 32%0,9
Gap Conductance at
PLHGR, BTU/hg-fere-"p 1534.0 1513.0
Hot Rod Gas
Pressure, psia 1313.3 1145
Hot Rod Burnup,
MWD /MTU 1000.0 1000,0Q

1} The values are at

the limiting hot rod burrup as calculated by STRIKIN-11

g4
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Figure 8-1

saterford Unit 3 Cycle 6 ECCS Anaivsis
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.0 REACTOR PROTECTION AND MONITORING SYSTEM

¥.1 Introductison

The Core Protection Calculation (CPC) system is designed to provide the low
ONBR and righ Local Power Dansity (LPD) trips to (1) ensure that the Specified
Acceptable Fuel Design Limits (SAFDL's) on Departure from Nuclear Boiling
Ratic (DNBR) and centerline fuel melting (i.e., Local Power Density (LPD) are
not exceeded during AOQ's, and (2} assist the Engineered Safety Features
System in limiting the tonsequences of certain postu’ated accidents.

The CPC system, in conjunction with the balance of the Reactor Protection
System (RPS), must be capable of providisg protection for certain specified
Design Basis Events, provided that at the initiation of these occurrencegs the
Nuclear Steam Supply System, irs subsystems, components, and parameters are

maintained within operatiry limits and Technical Specification Limiting
Conditions for Operation (LOO's).

i CPC Software Mogificar: sns

'
The algorithms associated witr e CPC Improvement Program (References 9-2?‘
#=2, and 9%-3) which were imply anted in Cycle 2 are applicable to Cycle ¢.)®he
values for the Reload Data Block (%XDB) constants will be evaluated for
Waterford 2 applicability consistent with the Cycle design, performance, und

safety analyses. Any necessary change to the RDB constants will be installed
in accordance with Reference 9-4.

9.3 Addressable Constants
“—“

Certain CPC constants are addressable so that they can be changed as required
during operation. Addressable constants include (1) constants related to
measurements (e.g., shape aanealing matrix, boundary point power correlation
coefficients, and adjustments for CEA shadowing and planar radial peaking
facters), (2) uncertainty factors to account for processing and measurement
uncestainties in DNBR and LPD calculations (BERR0) through BERR4), (3) trip
setpoints, and (4) miscellanecus +Le&ns (e.g., penalty factor multiplier, CEAC
penalty factor time delay, pre-trip setpoints, CEAC inoperable tlag,
calibration constants, etc.). Trip setpoints, uncertainty factors, and other
addressable coustants will be determined for this cycle consistent with the

software ard methodology established in the CPC Improvement Program and the
Cycle design, performance, and safety analyses.

9.4 Digital Monigoring System {COLSS)

The Core Operating Limit Supervisory System (COLSS), described in
Reference 9-5, is a monitoring system that initiates alarms if the LCO's on
DNBR, peak !inear heat rate, core power, axial shape i~dex, or core azimuthal

tilt are exceeded. The COLSS data base and uncertainties will be updated, as
required, to reflect the reload core design.

91
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There are no Technical Specificatisn changes required as & risuit of the

Cycle ¢ eore design and safety analyses,
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12.0 - STARTUP TESTING

The planned startup test program associated with ¢ore performance i8 outlined
below. These tests verify that core performance is consistent with the
engineering design and safety analysis. Some of the tests also provide the
data needed for adjustment of addressable constanis in the Core Protection
Calculator System (CPC'S) and in COLSS.

11.1 Pre~Critical Test

$1.1:1 Control Element Assembly (CEA) Trip lest

Pre-critical CEA drop times are recorded for all full length CEA's at hot,

tull flow conditions. The drop times will be verified to be within Technical
specification limits.

i1.2 Low Power Phvsics Tests

118 I 40 Initial Criticality

Initial criticality is obtained by fully withdrawing all CEA Groups except
Group 6 (which is wichdrawn to approximately 75 inc'ies), then diluting the
Reactor Coolant System (RCS) until the reactor is critical.

11.2.2 Critical Boron Concentration {CBC)

The CBC is obtained for the All Rods Out (AFO) condition and for a partially
rodded configuration, Comparison to the predicted CaC is performed by
coampensating for the residual CEA worth (from the actual CEA pPosition to the
predicted CEA position). T-e measured CBC's will be verified to be within the
equivalent of +/~ 1% AK/K of the design predictions.

11.8.3 Temperature Reactivity Coefficient

The isothermal temperature coefficient (ITC) is measured at the Fssantially
All Rods JQut (EARO) configuration and at a partially rodded configuration.
The average coolant temperature is varied and the reactivity feedback
agsociated with the temperature change is measured.

The measured value will be verified Lo be withiy +/- 0.3 x 10=4 AK/K/°'F of
the predicted value,

The moderator temperature coefficient (MTC) is calculated by subtrasting the
predicted value of the fual temperature coefficient from the ITC. The MIC
value is then verified to be within Technical Specification limits.

11.2.4 CEA Reactivity Worth

CEA worths will be measured using the CEA Exchange technigque. This technique
consists of measuring the worth of a "Reference Group" via standard
boration/dilution techniques, then exchanging this group with other groups to
measure their worths. All full-length CEA's will be ingluded in the
measurement groups. Due to the large differences in reiative CEA group
worths, two refarence groups (one with very high worth . d one with medium
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worth) may be used, The groupe to be measured will be exchanged with the
appropriate reference group, Jdependin~ on their predicted worth,

The individual measurement group worths will be verified to be within s+/- 15%
or +/~ 0.1% AK/K (whichever is larger) of predicted values. 1In addition, the
tetal worth of all the measurement groups will be verified to be within

+/= 10% of the predicted total worth.

1.3 Power Ascension Testing

%
-

Following completion of tne Low Power Physics Test sequence, reactor power
“ill be increased in accordance with nornal operat . ng procedures. The power
ascension will be monitored by an off-line NSSS performance and data
processing computer algerithm. This computer code will be centinuously
axecuted in parallel with the power ascension to monitor CPC and COLSS
perfornance relative to the processed plant dota against which they are
normally calibrated. 1If necessary, the power ascension will be suipended
while necessary data reduction and egquiprment calibrarions are performed. Thus
the monitoring algorithm continuously ensures conservative CPC and COLSS
“peration while optimiz‘ng overall efficiency of the test program.

3.3 Reactor Coclant Flow

Reactor coolant flow will be measured <y calorimetric methods a- steady state
conditions in accordance with the Technical Specifications. Accaptance
criteria will require that the COLSS indicated flow be conservative with
réspect to the measured flow and that the CPC indicated flow be conservative
with respect to the COLSS indiczted flow.

11,32 Fuel Symmetry Verification

Fixed incore detector data will be examined at lower power to verify that no
detectanle fuel misloadinri exist. Individual iastrumented fuel assembly
puwers will be verified to be within «/- 10% of the symmetric group average.

e -

13.3.3 Core Power Distributicn

Core Fower distribution data using fixed incore neutron detectsrs will be used
to further verify proper fuel loading and to verify consistency between the

as-built core and the engineering design models. This is accomplished using
measurement data from two power plateaus.

Compliance with the acceptance criteria at the intermediate power plateau
(between 40 and 70% reactor power) gives reasonable assurance that the power

distribution will remain within the design limits while reacto:x power ‘s
increased to 100%,

The final power distribution comparison is performed at full power. Axial and
radial power distributions are compared to design predictions as a final
verification that the core is operating in a manner consistent with its design
within the #ssociated design uncertainties.

The measured results are compared to the predicted values in the fellowing
manner for both the intermedizte and full power analyses:

11=2
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A, The root-mean-square (AMS) error betiween the measured and
predicted radial power distribution for each of the 217 fuel
assemblies will be virified to be less than or equal to 0,08,

B. The RMS error between the measured and predicted axial power

distribution for each of the 51 axial nodes will be veriried to be
less than or equal to 0.0%.

L

The measured values ot planar radial peaking factor (¥ yy) ¢
integrated radial peak factor (F,), core average axial peak {F5)q
and the 3-D power peak (Fq) wi'\ be verified to be within «/~ 10%
of their predicted values.

11,.3.4 Zha Annealin trix (SAM) and Boundary Point Power Correlation
Coefficients (BPPCC'S) Verification

The SAM and BPPCC's are determined from a linear regression analysis of the
measured excore detector readings and corresponding core power distribution
determinea from the incore detector signals. 3ince these values must be .
representative for a rodded and unrodded core throughout the cycle, it is " *
desirable to use as wide a range of axial shapes as are available t-. estab$an
their values. The spectrum of axial shapes encountered during the POWE T

ascension has been demonstrated ts be adequate for the calculation of the
matrix elements.

The incore, excore, and related data are compiled and analyzed throughout the
power ascension by the off-line NSSS performance and data processing

algorithm. The results «f the analysis are used tc modify the appropriate CPC
constants if necessary.

- Radia. Peaking Fuctor (RPF) and CEA Shadowing Factor (CSF)
Verification

The RPF's and the CSF's ave calculated using fixed incore detector and
excore detector data from the following CEA configurations:

All Rods Q.t
~ Group ¢ fully inserted

= Group § fully inserted & PLCEA's @ 37.5 inches withdrawn
PLCEA's @ 37.5 inches withdrawn

Appropriate CPC and/ox COLSS constants are modified based on the measured
values. The rodded portions of this test may be deleted from the rest program
if appropriate margin penalties are incorporated into the CPC and COLSS.

11.3.6 Temperature Shadowing Factor Verification

Excore detector response as a function of RCS cold leg temperature during the
power ascension will be analyzed by the off-line NSSS parformance code to
verify the adequacy of the CPC Temperatvre Shadowing Factor constants.
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13329 Reactivity Coefficients at Power

The isothermal temperature coetficient (ITC) is measured at approximately f£ull
power by swinging turbine loadg to aiternately increase and decrease core iulet
temperature. The swings in rore temperature and power are used along with the
predicted power coefficieat to calculate the ITC. The predicted fuel
temperature coefficient is then subtracted from the ITC to obtain the MTC.

The measured MTC is then used to verify compliance with the Technical
Specifications,

11.4 Procedure if Acceptance Criteria Are Not Met

The results of all tests will be reviewed by the plant's reactor engineering
group. If the acceptance criteria of the Startup physics test are not met, an
evaluation will be performed by the plunt's reactor engineering group with
assistance from the fuel vendor, ag needed. The results of this evaluation
will be presented to the Plant Operations Review Committee. Resolutien will
be required pricr ts continued power escalation. If an unreviewed Sarety
question is involved, the NRC will be nutified.
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APPENDIX A
70
WATERFORD 3 CYCLE 4 RELOAD ANALYSIS REPORT

EVALUATION OF CHANGE 70 NUCLEAR DESIGN MET DS

(1) cescriptisn of Change

The original methods and computer codes used ‘o analyze the nuclear design of
the core are described in Chapter 4 of the Watertord 3 Safety Analysis Report .,
A llcensee is allowed to make changes to these methods and codes provided that

the change does not involve either a Technical Specification change or an
Unreviewea Safety Question.

The nuclear design mathods and computer codes provide calculated values for
the following nuclear design parameters:

* Reactivity

* Reactivity Coeffi~ients

* Contrel Rod Worths

* Peaking Factors

Power Distribution Related Factors

Several changes have been made to these methecds and computer zodes to

(1) simplify their use, (2) improve their computational efficiency (e.g., the
exchange of data between codes), and (3) enhance their calculational accuracy.
Of the three types of changes, only the latter, enhancing their calculational
accuracy, is most likely to significantly affect the numerical results, Since
the results of nuclear design analysis are used as input to the trancient
safety analysis that considers accidents and malfunction ~f equipment

important to safety, these changes must be evaluated to determine whether or
not an unreviewed safety guestion is created.

The original nuclear design methods and computar codes are described in CE's
proprietary Topical Report CENPD-266-P-A, "The ROCS & DIT Computer Codes for
Nuclear Design," dated April 1883, This Topizal Report was generically

reviewed and approved by the NRC'. Subsequent to the NRC's approval, changes

A=l
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were made to the methods and codes that could affect the calculational
dccuracy of the nuclear design computer codes. Tihese changes sre as follows:

Implementatiocn of Nodal Lxpansion Method to ROCS

Improved Accoun(ing o: Anisotropic Scattering and higher Order
interface Current Angular Cistributions in DIT

Use of Assembly Discontinuity Factor® between KOCS and DIT

Update of Biases and Uncertainties Applied to Caiculated
Parameters

h description of each change is provided below. The descriptions provide
sufficient detail to perform a safety evaluation.

Nodal Expansion Method

The Nodal Expansion Method (NEM) wag added to the ROCS code as an alternative
o the original Higher Order Difference (HOD) formulation, The ROC3 code R
Frovides reactor power distributions and effective neutron multiplication -
factars. This data is then used to derive control rod worths, depletion,
react.vity coefficients and reactivity differentials, Use of the NEM achieves

significant reducticn in Computer running times and also improves agreement
with fuel managemont measurement datal.

Although the NEM had not yet been fully integrated into the ROCS code, the use
of the NEM was fully described in CE Topical Report CENPD=-266 that was
approved by the NRC. Specifically, Topical Report CENPD-2€6 explained that
WEM had been incorporated into 1 version of C-E's coarse~mesh kinetics code.
HERMITE, Furthermore, Topical Report CENPD-266 presented numerical comparisons
of the NEM and HOD methods for solving the neutron diffusion equations, The
¥2suits showed that the substitution of NEM for the HOD method in ROCS would
net have a significant impact on calcu.ational results and uncertainties,

in recognition of thu expected future implementation of the NEM into ROCS, the

NRC stated the following in the Safety Evaluation Report (SER) that approved
C=E Tepical Report CENPD-266:

"We have reviewed the ROCS ang DIT computer codes as described in
CENPD=-266~P and CENPD-266~NP and find them to be acceptable for
iuclear core design and safety-related neutronics calculations
made by CE in licensing actions for power distributions, control
rod worths, depletion, reactivity coefficients and reactivity
differentiai. we also conclude that the ROCS code, including the
fine-mesh module MC, is of sufficient accuracy for the generaticn
of coefficient libraries for the in-core instrumentation.

The starff, however, recommends that CE perform further
verification when the NEM is incorporat’ . into the ROCS code in
order to be assured that equivalent ._alculational biases and
uncertainties are obtained with ROCS-NEM as compared to ROCS-HOD."
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Before using ROCS-NEM for nuclear design analysis for Waterfori 3; CB
performed f° ther verification to coenfirm that the calculational viases and
uncertainties obtained with ROCS-NEM are ¢quivalent to ROCZ-HOD, The SFR did
not requize CE to resubmit the ROCS~NEM version of the code to the NRC for
épproval. It is important ts note, however, that the NRC did recommend that
the biases and uncertainties obtained when NEM was incorporated into ROCS be
équivalent when compzred to ROCS-HOD. By equivalent, it is understood that
th- results between the two methsds need not be numerically identical, but
rather that the two methods be equal to the dugree that the same conservative

relationship is maintained between calculated and measured dats (i.e., a 95/9%
tolerance limit) .

CF has confirmed that the ROCS-NEM nuclear core design and safety-related
neutronics calculations of power distributions, control rad worths, depletion,
teactivity coefficients and reactivity differentials maintain the same
conservative relationship between calculated and measured data. In
particular, the tolerance limits applied to the calculated results from RCCS~
HOD and ROCS~NEM are identically defined as "the value tha’. must be added ta
the calculated results to assure that 45% of the ‘alculatea values will be
greater than the "true® value with 95% confidence." Thus, _.he change which
‘dds NEM to ROCS has been demonstrated to be equivalent to the ROCS-HOD
version, which was approved by *he NRC.

Anisotropis Scactering and Higher "rder Interface Current Angular
Cistributions

In order to maintain tne caloculational accuracy in CE Topical Report CENPD-2¢§
when evaluating fuel containing gadolinium as a burnable p:ison, TE hagd to
improve the way the nuclear design computer code acccunted for the effects nf
anisotropic scattering and higher order interface current angular
distributions in the DIT code. The DIT code is a transport theory-bar 1 code
which performs spectral anc Spatial calculations in fuel cell and fuel

assembly geometries. The DIT calculations provide few group neutron croas
sections for use by the ROCS code.

The improved method for accounting for anisotropic Scattering and higher order
interface current angular distributions was submitted by CE in a generic
Topical Report which was reviewed and approved by the NRC}, Thess approved
methods and computer codes are described in CE Topical Report CENPD-275-P
Revision 1-P=-A, "CE Methodology for Core Designs Containing Gadolinia~Urania
Burnable Absorbers," dated May 1988, Altliough these changes were motivated by
the need to obtain additional calculational accuracy to analyze gadolinium as

a burnable poison, the method itself is independent of the burnable ahsorber
used in the core.

Topical Report CENPD-275 was not suonitted on a plant specific docket. It was

reviewed by the NRC f{or generic implementation on PWR cores. In recognition

of the generic applicability of the improvement: made to the LIT code, the NRC |
stated the following in the SER that approved CE Topical Report CENPD-275:

"We have reviewed the changes made to the DIT and ROCS/MC codes |
and methodology to accommodate -he use of the integral burnable
absorber gadolinium in PWR cores. These changes are typical of the |
types made by the industry for computing gadolinia cores. The

A=)



numerical results that were provided show that acceptable
agreement has been obtained between detailed calcuiations and
design calculations. We conclide therefore that the changes made
to the DIT and ROCS/MC codes and methodology are acceptable. ™

"We also conclude that the neutronics methods described in the
“eport (DIT, ROCS/MC, and F"Q), as modified, are acceptable for
calculating the neutronic characteristics of PWR cores containing
up to & weight percent gs ‘2linia bearing fuel rods."

It is also important to note that ben~hmark analysis provided in Topical
Report CENPD-275 validated tne changes made in the DIT code with B4C poison
that cuntained no gadolinium., The NRC SER, thus, concluded that the methods
descrihed in Topical Repori CENPD-27%5 are acceptable for calculating the
neutronic characteristics of PWR cores containing up to 8 weight percent
gadolinia bearing fuel rods. This includes the case where the PWR core
contains zero weight percent gadolinia by virtue of the fact that many of the
assemblies used for benchmaiking purposes did not contain any gadolinium
bearing fuel rods. Indeed, the NRC also noted in the SER the following:

“The results obtained for the Lead Test Assemblies (LTA) ire
consistent with those cobtained for the non-gadolinium bearing fuel
assemblies, The staff concurs with CE's conclusion that these

results provide additional validation of the ODIT code and
methodology, "

Assemb'y Discontinuity Factors

Assemb.y discontinuity factors (ADF's} asre used in the nuclear industry* as a
method to eliminate homogenization error in nuclear design analysis where the
global hetarogeneous solution is known. The use of ADF's improves the
internal agreement between the OIT and ROCS codes, The ADF's are aerived from
the very assembly calculations required by the conventional homogenization
methocs and, therefore, they do not add any new information to the overall
calculational methodology. Thus, the use of the ADF's is expected to improve
the accuracy of results obtained from ROCS when compared te DIT. CE has
confirmed that the assembly discontinuity factors improve the accuracy of the
nuclear desiqgn analysis method and computer codes.

Biases aad Uncertainties

In view nf the above changes that have ueen mas to the methods and nuclear
design comruter codes, the biases and uncertainties applied to the nuclear
design parameters were f-_.ally reevaluated by CE. For nuclear design
parameters, the biae represents either the average of measured value minus the
calculated valv-s, or the average ratioc of the difference between the measured
value and che calculation value compared to the calculated value. The

uncertain.y value represents the 95/95% tolerance range for the parameter of
interest.

The reevaluation produced revised bias and uncertainty values that are
equivalent to those reported in CE Topical Repeort CENPD-266. By equivalent,
it is meant that the results are not numerically identical, but rather that
their appllication preserves the same conservative statistical relationship
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between calculsted and measured data (i.e., the §5/98 probability / confidence
level} .

The methods used to generate the new biases and uncertainties are the same as
that described in Topical Report CENPD~266, with the exceptions of the method
used to determine the bias and uncertainty for the net (N-1) rod worth. In
the Topical Report, the bias and uncertainty associated with net (N-1) rod
worth were calculated by évaluating individual bank wort! measurements.

when CE reevaluated the bias and ungertainty for the (N-1) configuration, CE
used the bias and uncertainty asscciated with the sum cof the bank worths
(i.e., "total" worth) in lieu of that for individual banks. The use of the
total rod worth uncertainty is considered more appropriate than the individual
bank worth since the total rod worth configuration is more representative of
the higher control rod density of the (N-1) configuration.

This change in the bias and uncertainty used for the (N-1) case remains
conservative because actual (N~1) measurements demonstrate that the
uncertainty of the (N-1) rod worth is lower than the uncertainty of the total
worth. This is expected since the (N-1) configuration is strongly influenced
Dy the reactivity of the unrodded region of the core. Thus, the (N=1)
conf.guration is less sensitive to the precision of the calculated effective

control rod cross sections than are either the total or individual bank
configurations,

The change in method to calculate the (N-1) rod worth produces equivalent set
of bias and uncertainty, wherein the same conservative relationship is

maintained between calculated and measured data (i.e., a 95/95 tolerance
limit) ,

(2) Unreviewed Safety Question Determination

The changes to the nuclear design analysis methods and computer codes

described above do not require changes to the Technical Specifications. No
unreviewed safety guestion exists.

(3) Safety Evaluation

The determination that the changes to the nuclear design analysis methods and

computer codes described above do not Create an unreviewed safety question is
demonstrated by the following:

i. The Probapility of occurrence or the consequences of an accident or
malfunction of equipment important to safety previously evaluated in the
safety analysis report will not be increased by the changes to the
nuclear design analysis methods and computer codes described above.

The results of nuclear design analyses are usel as inputs to the
analysis of accidents or malfunction « £ equipment important to safety
that are evaluated in the safety analysis report. These inputs do not
alter the physical characteristics of any component involved in the
initiation of an accident or any subsequent equipment malfunction.
Thus, there is no increase in the probability of occurrence of an



accident or malfunction of equipment important to safety previously
evaluated in the safety analysis report as a result of this change.

The consequences of an accident or malfunction of equipment important co
safety evaluated in the safety analysis report is afiected by the value
of inputs to the transient safety analysis. There is always the
potential for the value of the nuclear design parameters to change
solely as a result of the rew reload fuel core lcading pattern.
Regardless of the source of a change, an assessment is always made of
changes to the nuclear design parameters with respect to their effects
on the consequences of accidents and equipment malfunctions previcusly
evaluated in the safety analysis.

If increased consequences are anticipated, compensatory actions are
implemented to neutralize any expected increase in consequences. These
compensatory actions include, but are not limited to, crediting any
existing margins in the analysis or redefining the operating envelope to
avoid increase consequences. Thus, the nuclear design parameters are
intermediate results and by themselves will not result in a increase in
the constyuence of accident or malfunction of equipment important tg$
safety avaluated in the safety analysis report. *f\

Therefore, the changes to the nuclear design analysis methods and
computer codes descrihed above do not increase the probability of
occurrence or the consequences of an accident or malfunction of

equipment important to safety previously evaluated in the safety
anaiysis report.

ii. The pessibility for an accident or malfunction of a different type
than any evaluated previously in the safety analysis report will not be

created Ly the changes to the nuclear design analysis methods and
computer codes described above.

A8 noted abova, the results of nuclear design analysis are used as
inputs to the transient safety analysis of uscidents or malfunction cf
equipment imparzant Lo safety that are evaluated in the safety anmalysis
report. These inpurs do not alter the physical characteristics of any
component invoived in the initiation of an accident or any subsequent
equipment malfunction. Thus, there is no increase in the poseibility of
an accident or malfunction of equipment important to safety previously
evaluated in the safeaty analysis report as a result of this change.

Thus, the changes to the nuclear design analysis methods and computer
codes demcribed above will not create the possibility for an accident or

malfunction of a different type than any evaluated previcusly in the
safety analysis report.

iii, The margin of safety as defined in the basis for any Technical
Specification will not be reduced by the changes to the nuclear design
analysis methods and computer codes described above.

Benchmarking of the new nuclear design methods and computer codes has
demonstrated that the values of those parameters vsed in the safety
analysis are not significantly changed relative to the values obtained

A-%



Gt o e e e ey L L m o A e e 2
R E— ———
I T L R e ——_—

L e -

431ng the previous methods and computer codes. For any changes in the
calculated values that do oscur, the reevaluation of the biases and
ncertainties ensures that the current margin of safety is maintained.
Specifically, use of these revised biases and uncertainties in safety
evaluations continues to provide the same statistical assurance that the
values of the nuclear parameters used in the safety analysis do not

exceed the actual values on at least a 95/95 probability/confidence
pasis.

The changes to the nuclear design analysis methods and computer codes
described above, therefeore, do not reduce the margin of safety as
defined in the basis for any technical specification.

In cenclusion, the changes to the nuclear design analysis methods and computer
codes described above do not inavolve an unreviewed safety question and does
not require a change to the Technical Specifications,
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APPENDIX B
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WATERFORD 3 CYCLE 6 RELOAD ANALYSIS REPORT

DEBRIS RESISTANT [UEL DESIGN
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A debris resistant feature has buen incorporated into Batch G (the Cyele &
reload Batch) and follow Bateh cesigns. The bas‘c concept of this feature is
to move the fuel and poison colume axially upward sc that the debris that is

“aught by the Inconel grid interacts with a lengthened solid end cap instead
of the fuel or poison rod ¢ladding.

The differences between the debris resistant design and the

previous design
are 4s follows:

1) Lengthenine the lower end cap on each fuel and poison rod so that the
bottom of the clad is within the Inconel spacer grid assembly.

2) Removing one fuel pellet from each fue. rod. This reduces the active
fuel length from 190. inches t» 149,86 inches. Alsc, the plenum spring
*as redesigned to minim.ze its material volume. As a result of these two
changes the interisr void volume of Batch G and follow Batch fuel rods
is within 0.5% of the value for Batch F and previcus Batches.

3 Removiny one burnable poison pellet from eac’, poison rod, This reduces
the poison stack length from 136 inches to 135 inches. Also, the upper

Spacer tube was shortened and the overall rod length was increased by
0.7 inech.

4) Shortening the height of the lower end fitting by 0.700 inch. The design
of the lower end fitting has been changed to improve the ease of
installing the fuel bundle assembly in the core and to Standardize the
iebris-resistant fuel design. These changes to the lower end fitting

design will not cause the calculated stress intensities in the various
load conaitions to exceed the design limits,

n
—

Changing the guide tube to iower end fitting connection to accommodate
the 0.700 inch reduction in lower end fitting height.

The design of the Zircaloy and Incone Spacer grid assemblies remains
unchanged. The locations of Zircaloy grids with respect to those in previous
fuel Batches remains unchanged. The Inconel 7rid in Batch G ana follow Batches

Y -

5 iocated 0.707 inch lower than it was for _evious Batches.

Jther minor refinements to the fuel assembl

y mechanical design made sirnce
Cycle 2 include:

*

The perimeter strips for the HID~1 spacer grid assemblies have the
locatien of the corner impact arch lowered with respect to its previous

location. This change improves fabrication of the cpacer grid
assemblies,

The poison rod assembly design has been modified by replacing the solid
Zircaloy-4 spacers with hollow Zircaloy~4 tubes. By using hollow spacer

tubes, the poison rod internsl volume is increased, allcwing higher
burnup poison rods.

* Starting with Batch F (Cycle 4), poison rod overall length has beeu
increased so thic it is the same length s the fuel rod. This design
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change will not have any «ffect on fuel assembl

Yy performance since
poison rod growtn is bounded by fuel rod growth

The locking discs used in the lower end fitting connectien to the guide
tube have been redesigned, enabling the use of one design in all CE fuel
bundle assemblies. The redesign does not alter any design interface
requirements between the fuel bundle assembly and the four alignment
pins located on the core support plate, and does not affect the
structural integrity of the guide tube connection,
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