PO BOX 012100, MIAMI, FL 3315
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FLORIDA POWER & LIGHT COMPANY

February 22, 1979

Director of Nuclear Reactor Regulation L-79-45

Attention: Mr. Victor Stello, Director
pivision of Operating Reactors
U. S. Nuclear Regulatory Commission

Washington, D. C. 20555
Dear Mr. Stello:

Re: St. Lucie Unit 1
Docket No. 50-335
Proposed Amendment to
Facility Operating License DPR-67

In accordance with 10 CFR 50.30, Florida Power & Light Company submits
herewith three (3) originals and forty (40) copies of a request to amend
Appendix A of Facility Operating License DPR-67.

The purpose of this submittal is to support Cycle 3 operation of St. Lucie
Unit 1. Technical Specification changes associated with the reload are
described in Section 9 of the attached Reload Safety Evaluation (Attach-
ment A) and shown on the attached Technical Specification pages bearing
the date of this letter in the Tower right hand corner (Attachment B).

The proposed amendment has been reviewed by the St. Lucie Facility Review
Group and the Florida Power & Light Company Nuclear Review Board. They
have concluded that it does not involve an unreviewed safety question.

The RSE evaluates Cycle 3 design and performance and supports the proposed
Technical Specification changes.

Florida Power & Light has determined that this is a Class III amendment in
accordance with 10 CFR 170.22. A check in the amount of $4,000.00 s
enclosed.

Very truly yours,

(
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cc: Mr. Jdames P. 0'Reilly, Region II
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ATTACHMENT A

Re: St. Lucie Unit 1
Docket No. 50-335
Cycle 3 Operation

RELOAD SAFETY EVALUATION
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\‘ Yo INTRODYCTION AJD SU.1.1ARY

This report prov1des an evaluation of the design and performance

for the operation of St. Lucie I during its third fuel cycle at-

full rated power of 2560 MWT. Operfating conditions remain generally

the same as those for Cycle 2. The core will consist of

present]y operating Batch B, C and D assemb11es together with

fresh Batch E assemblies.
. )

’~System requirements have created a need for flexibility in the

Cycle 2 burnup-length ranging from 8000 to 8600 -MiD/T. The‘Cycle 3

'1oading pattern described in this report has been designed to

accommodate this range of shutdown points. In performing analyses

of postulated accidents, determining Timiting safety system séttings

and establishing 1imiting conditions for operations, values of

key parameters were chosen to assure that expected conditions are

enve?oped within the above Cycle 2 burnup range.

.

During scheduled shutdown maintenancé after-Cycle 1 operation, it

was observed that CEA fingers caused wear in the CEA guide tubes §

as reported in Reference 1. The mechanical integrity of the worn
areas was restored by installing stainless steel sleeves in the,

gu1de tubes. S1eev1ng was performed on those assemblies which

were installed in CEA locations in Cycle 2 w1th the exception of

the center q;semb]y. For Cycle 3 operations, those assemblies

will also be sleeved which were not blaced under CEAs in cycles :

1 and 2 but will be located under CEAs in Cycle 3. A1l 68 Batch E
assenblies will be sleeved. :

.
AR08, Y,
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The evaluations of tie reload core characteristics have been examined
with respect to the Refereﬁce 2 safety analyses describing Cycle 2,
nereafter referfed to as the "reference cycle". In all cases, it has
been concluded that either the reference cycle analyses proverly
envelope the new conditions, or thqt the revised analyses presented
in this report'coﬁtinue to show acceptéb]e results.

Where dictated by variations from the reference cycle, proposed
modifications to the plant Technical Specifications are provided
and are justified by the analyses reported herein.
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0 2. OPERATIIG HISTORY OF THE REFERENCE CYCLE

St. Lucie Unit I is presént]y operating in its second fuel cycle
;hut111z1ng Batch A, B, C and D fuel assemblies at a licensed core power
level of 2560 MIT. 0perat1on of Cycle 2 has cont1nued at or near
- 1icensed power. The CEA guide tube prob]em has been mitigated by the

introduction of sleeves “into re]evant assemblies,

-

It i5 presently estimated that Cycle 2 will terminate during'Apri1, 1979.

To allow for flexibility in the Cycle 2 termination date, a range nf

burnups between 8000 and 8600 MWD/T has been ant1c1pated Operation of
Cycle 3 is scheduled to commence in May, 1979. '



GENERAL_DESCRIPTION _ . "‘\

The Cycle 3 core will consist of tha numbers and types of assemblies

,from the various fuel batches as described in Table 3-1. The - -

primary change to the core for Cyc]e 3 is the removal of the remaining
Batch A assemblies, and removal of 59 Batch B assemb11es.. These )
assemb11es will be replaced by 40 Batch E (3.03 w/o enr1chnent) and 28

" Batch E (2 73 w/o enrichment) assemblies. The fuel nanagenent pattern

developed for Cycle 3 allows for flexibility in Cycle 2 burnup
length between 8000 and 8600 MWD/T. The loading pattern is shown
in Figure 3-1.

The Cycle 3 core loading pattern is 20 degrees rotationally symmetric.
That is, if one quadrant of the coré were rotated 90 degrees 1nto 3
its neighboring quadrant, each assembly would overlay a similar -
assembly. This similarity includes batch type, number of fuel

rods, initial enrichment and beginning of cycle burnup.

*

Figure 3-2 shows the beginning of Cycle 3 assembly burnup distribution
for a Cycle 2 burnup length of 8300 MWD/T. The intial enrichment

- of each assembly is also shown, The residual B-10 content of

the burnable poison shims.in the Batch B and C assemblies is very
low in all assemblies at the beginning ‘of Cycle 3.



Assembly
Besignation

**% Both original

Number or
Assemblies

.21
40
16

12

40
20
40
28

v——

217 .

Initial
Enrichment
w/o U-235

2.33
2.82
2.82
2.82
3.03

©2.73

3.03
2.73

and replacement shims

Table 3-1

St. Lucie Unit 1

Cycle 3 Core Loading

Beginning
of Cycle 3
Batch

* Average
Burnup
MWD/itTU

(E0C2= :
8300 iHD/T)

21,200
17,600
22,100
21,600

6,700

* . 9,400
0

0

10,000

Initial
Number  Shim Total
ggims b?gdéng** gggal Eugl-
4 ms . ods
12 2.7 252 T 3,444
0 - 0 7,040
12 83 .. 192 2,624
12 .46 144 1,968.
0 -~ 0 7,040
0 - 0- 3,520
0. S 0- 7,040
0 ——— 0- . 4,928
588 37,604
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XXXX | BOC 3 BURNUP (MWDIT)
Y.YY |  INITIAL ENRICHMENT, WT% U-235
0.0 | 0.0
3.03 | 3.03
0.0 | 0.0 | 0.0 |8,700 {18,700
3.03 | 3.03 | 273 | 273 | 2.82
0.0 | 0.0 |21,400 8,100 |22,800 |0.0
3.03 | 273 | 2.33 | 3.03 | 2.8 | 2.73
0.0 | 6,200 | 17,700| 0.0 |2L200| 6,890 | 2L 400
3.3 | 3.03 | 282 | 273 | 2.8 | 3.03 | 2.33
0.0 | 0.0 |17,700|22,300| 18,700 | 9,700 | 21,000 6,800
3.03 | 273 | 2.8 | 2.82 | 2.82 | 2.73 | 2.33 | 3.03
0.0 | 2L400] 0.0 | 18,700| 6,800 | 17,200] 5,400 | 16,800
3.03 | 233 | 2.73 | 2.82 | 3.03 | 2.82 | 3.03 | 2.8
0.0 | 8,100 | 21,200 9,700 | 17,200] 17,700 21,400 10,300
0.0 | 273 | 3.03 | 282 | 273 | 2.82 | 2.82 | 2.82 | 2.73
3.03 | 8,700 | 22,800 6,800 |21,000 | 5,400 | 21,400] 6,200 | 15,600
0.0 | 2.73 | 2.82 | 3.03 | 2.33 3.03 | 2.82°| 3.03 | 2.82
'3.03 [18,700( 0.0 | 21,4006,800 |16,800 | 10,300 | 15,600 | 20,700
2.8 | 273 | 233 |3.03 |28 | 273 |28 | 2.3
g ke CYCLE 3 - ASSEMBLY AVERAGE BURNUP AND | 0ure
Unit o, 1 INITIAL ENRICHMENT DISTRIBUTION 32




4.0

4.

FUEL DESIGH

Hechanical Design

The fuel assembly complement.for Cycle 3 is given in Table 3-1.
The mechanical design of the reload fuel assemblies, Batch E, is
essentially 1dent1ca] to that 1ntroduced with the St Lucie=-1
Batch D fuel.

C-E has performed analytical predictions of cladding creep-
collapse time for all St. Lucie-1 fuel batches that will be |
irradiated during Cycle 3 and has concluded that the collapse

.resistance of all fuel rods is sufficient to preclude collapse

during their design lifetime. This lifetime will not be exceeded
by the Cycle 3 duration. .

The analyses utilized the CEPAN computer code (Reference 3).and
included as 1input conservative values of internal pressure,
cladding dimensions, cladding temperature_and neutron flux.

Hardware Hodifications to Mitigate Guide Tube Wear

The mechanical design of the fuel assemblies-is as described in the

Ppreceding section except that (1) those fuel assemblies which sus-

tained substantial guide tube wear in Cycle 1 have had stainless
steel sleeves installed in the gu1de tubes as a means of improving
the mechanical strength margins in the worn areas, and (2) all Batch B,

.C, D and E fuel assemblies to be installed in CEA locations-in Cyc]e 3will’

a]so have stainless steel sleeves 1nsta11ed in the guide tubes in order,
to mitigate guide tube wear. . :

A deta%]ed discussion of the design of the sleeves and its effects on
reactor operation is contained in Reference 4.




4.3

4.4

4.5

4.6

Thermal -Design

-

Using the FATES model, (Reference .5), the thermal performance

~ of the various types of fuel assemtlies has been evaluated with

* respect 'to their Cycle 1 and Cycle 2 burnups, proposgd burnups
.during Cycle 3, their respective fuel geometries and expected
'flux levels during Cycle 3. The Batch E fuel has been determined

" to be the limiting fuel batch wi;h respect to stored energy. '

. Y
Chemical Design

The meté]]urgica] requirements-of the fuel cladding and the %ue]
assembly structural members for the Batch £ fuel have not been .
changed from the original Cycle 1 and Cycle 2 designs. Thercfore,

- the chemical or metallurgical performance of the Batch E fuel will ’.
. be unchanged from that of the original core fuel and discussions

in the FSAR, Reference 6 are still valid., ~

Operating Experience

" Fuel assemblies incorporating the same design features as the

St. Lucie Udit 1, -Batch E fuel assemblies have had operating

. experiences at Calvert Cliffs 1, Fort Calhoun 1, Millstone II, |

and Maine Yankee. The operating experience has been successful
except for the CEA guide tube wear problem which has been addressed

" in Section 4.2.

Inconel Irradiation Experiment

In order to further the basic material property data base on irradiated
Inconel 625 CEA cladding, three empty CEA tubes will.be placed in the,
center guide posts of selected high flux regions of the St. Lucie core
at the start of Cycle 3. The overall design of the test assemblies
will-be similar to the standard C-E design for the neutron source
assembly’ described in Section 4.2.2.2.9 of Reference 6. .Basically,
an upper end fitting and a lower end cap will be welded to an empty
14 % 14 or 16 x 16 CEA cladding tube and appropriate flow holes
introduced to eliminate ‘stresses from differential system pressure

on the test cladding. The upper end fitting has ‘'ears' which fit
into the recesses of the guide post and the upper guide structure
compresses a spring loaded support to keep the specimens in place.

The intent of the.program is to perform mechanical tests on the fully

jrradiated cladding (~1022 nvt) material at an appropriate hot cell.



5.1

5.1.1

NUCLEAR DESIGit ‘ : ‘

PHYSICS CHARACTERISTICS

Fuel Management

\

The Cycle 3 fuel management employs a mixed central region as
described in Section 3, Figure 3-1. The fresh Batch.E is comprised
of two sets of assemblies, each having a unique enrichment in order
to minimize radial powe} peaking. There are 40 assemblies with an
enrichment of 3.03 wt% and 28 assemblies with an enrichment of

2.73 wt% U-235. With this loading, the Cycle 3 burnup capacity

for full power operation is expected to be between 9700 MWD/T and
10,100 MWD/T, depending on the final Cycle 2 termination point.

The Cycle 3 core characteristics have been examined for Cycle 2
terminations between 8000 and 8600 MWD/T and limiting values
established. The loading pattern (see Section 3) is appTicab]e

to any Cycle 2 termination point between the stated extremes.
Physics characteristics including reactivity coefficients for

Cycle 3 are listed in Table 5-1 along with the corresponding values
from the reference cycle. It is noted that the values of parameters
actually employed in safety analyses are typically chosen to conser-
vatively bound predicted values with accommodation for appropriate
uncertainties and allowances. Table 5-2 presents a summary of CEA
shutdown worths and reactivity allowances for Cycle 3 with a compérison
to reference cycle data. The power dependent insertion Timit (PDIL)
curve ana CEA group identification are unchanged from the refefence
cycle (Reference 2). Table 5-3 shows the reactivity worths of
various CEA groups calculated at full power conditions for Cycle 3.



5.2 PHYSICS ANALYSIS METHODS

5.2.1 Uncertainties in Measured Power Distributions

The power distribution measurement biases and uncertainties .
which are applied to Cycle 3 are:

Non Load-Following Mode Load-Following Mode

7.0 percent 10.0 percent

, Fq:
0 » where Fq = ny X Fz’ Tocal

power density

n

Fr: 6.0 percent 8.0 perCenf

These values are to be used for monitoring power distribution

parameters during operation.

5.2.2 HNuclear Design Methodology

5.2.2.1 Use of Coarse Mesh Neutronics Calculations

The coarse mesh computer program ROCS (Reference 7) has been
used along with the standard fine mesh design program PDQ
(Reference 8) in the Cycle 3 safety analysis.

o a. ROCS was used to survey a variety of core configurations to
‘determine 1imiting conditions. | '
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w 5.1.2  Power Distribution

- / . .
Figures 5-1 through 5-3 illustrate the all rods out (ARO) planar.
radiai power distributions at BOC 3, MOC 3 and EOC 3 that are
characteristic of  the high burnup end of the Cyc]é 2 shutdovin |
window. These planar radial power peaks are charaqterist%c of

the major portion of the active core Tength between about 20 ahd
80 percent of the fuel height.

H

Figure 5-4 illustrates the planar radial power distribution within .
the upper 20 ‘percent of the core produced with the insertion of
the first CEA regulat1ng group, Bank 7. In this case, the power
distribution shown is pred1cated on the low burnup end of the
' Cycle 2. shutdown viindow, prov1d1ng.an illustration of maximum
0 power peaking expected for this configuration. Higher burnup
Cycle 2 shutdown points tend to reduce power peaking in this upper
region of the core with Bank 7 inserted. It is a characteristic
. of both ARO and Bank 7 inserted conditions that the Cycle 3 peaks
are highest at BOC and Qecre§sé with cycle burnup.
. . i .
The radial power distributions described in this section are calculated
data without uncertainties or qther allowances. However, single
.rod power peaking values do include the increased peaking that
is characteristic of fuel rods adjoining the water holes in the
fuel assembly lattice. For both DNB and kw/ft safety and setpoint
ana]yses in either rodded -or unrodded configurations, the power
peak1ng va]ues actua]‘y used are higher than those, expected to
soccur at any time during Cycle 3. These conservative values,
whhich are specified in Sections 7 and 9 of this document, establish
the éllowable']imits for power peaking to be observed during operation.

h “



5.1.3

' 5.1.3.1

5.1.3.2

12,

The range of al]owablg axial peaking is defined by the 1ﬁmiting
conditions ‘for operation of the axial shape index (ASI). Within
these ASI limits, the necessary DMBR and kw/ft margins are maintained
for a'wide range of possible axial shapes. The maximum.three- -,
dimensional-or total peaking factor anticipated in Cycle 3 dur1ng
normal base load all rods out operation at full power is 1. 79,

not inc]ud1ng uncerta1nty allowances and augmentation factors.,-,

Safety Related Data ' 4

Ejected CEA

The maximum feaciivity worths and planar radial power peaks associaiéd
with an ejected CEA event are shown in Table 5-4 for both BOC '
and EOC.  These values encompass the worst conditions anticipated
during Cycle 3 for the planned range of Cycle 2 termination points.

Dropped CEA

%he 1imiting parameters of dropped CEA reactivity worth and maximum
increase in radial peaking factor have been calculated for Cycle 3.
The results indicate that there are no changes in either of these

parameters when compared to the reference cycle results.



Augmentation Factors

The procedure outlined in Reference 6 for calculating augmentation
factors has. been re-examined for Cycle 3. This re-examination was
necessitated because of the great disparity between the number of
fuel pins subject to large degrees of densification as compared to
the number of pins subject to a small densification and because of
the geométrical: separations involved.

The peak and near peak pins for Cycle 3 occur adjacént to water
holes in fuel assemblies which are expected to have only a small
degree of densification. A statistical combination of gaps due

to small densification effects near the peak pin and gaps due to
1arge'densification effects for the peak piﬁ‘ vias performed.
The augmentation factors for Cycle 3 based on this analysis are
presented in Table 5-5 and are compared to the reference cycle
values.
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ROCS was used to obtain axial power shapes, to weight the relative
importance of fine mesh PDQ planar power and Burnup distributions
in the determination of three-dimensional effects and to determine
the impact of the three-dimensional gross power distributions on
reactivity parameters.

ROCS was used to compute selected safety parameters. The calcula-
tion of those limiting parameters, which require a knowledge of 1-pin
peaking factors, continues to be based on the fine mesh PDQ program.

Two- and three-dimensional ROCS calculations were used in conjunc-
tion with two-dimensional PDQ calculations to obtain best estimate
core parameters such as those shown in Table 5-3.




TABLE 5-1

St. Lucie Unit 1

Cycle 3 Physics Characteristics

Units

Dissolved Boron ;

Dissolved boron content for
Criticality, CEAs withdrawn:

hot . full power, PPM
equilibrium xenon, BOC

Boron Yorth:

hot * _ BOC PPM/% 20

hot EOC PPM/%ap

Reactivity Coefficients (CEAs

0 Withdrawn):

Moderator temperature
coefficients, hot operating :

" Beginning of Cycle 1074

“""{Equilibrium XE)
_M""“Endrof CYCl@ T i 1074

1

Doppler coefficient

hot BOC zero power 1075
hot BOC full povier 4 1075
hot EOC full power 4 1075

o Total belayed Neutron Fraction,
; geff:

“Beginning of Cycle
_m‘;Enatof Cycle

&
[ S—,

.Neutron Generation Time, 2% _
‘ BOC ' B 1076
EOC 2 1076

Ap/°F
A§/°F
sp/ °F

ap/°F
Ap/°F

sec

sec

Reference!Cycle ' bycle 3

88
77

<1.8

-1.44

-1.13
-1.22 -

0060+

.0052:.

28 ;.
32 7

850

99
80

-1,.4%:
-1.1%3
-1.22

10060
. R05T

28-
-:33.
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0 e - : TABLE 5-2

St. Lucie Unit 1
Limiting Values of Cycle

%bp

-

80C

3 CEA

. REACTIVITY HORTHS AND ALLOWANCES,

£0C

-
Fir m maE emre e nd

Reference Cyb]e

Yorth Available *

Worth of all CEAs inserted - - 9.6
Stuck CEA al]owance‘ . - 3.3
Horth of all CEAs less highest worth CEA . 6.3
stuck out . ‘

" Horth Required (Allowances)

Pover defect, HEP to HZP (Doppler, T

redistribution) {Dopp " W .]'9
Moderator voids . 0.0
CEA bite, boron deadband and maneuvering 0.6
band - .
Reguired shutdown mérgin.(%bp) ) <3,3

Total reactivity required - ‘ : <5,8

Available llorth Less Allowances

Margin available -~ SR . >0,5

-*For every accident or AOQ considered in the safety analvsis, a cal
from tne worth available, E )

Reference Cycle _ Reload Cycle

10.5

2.7
7.8

1.7
0.0
" 06

3.3
5.6

2.2

10.0
2.7
7.3

2.5
0.1
0.6

3.3
6.5

0.8

Reload Cycle

11.4

= 3.1
8.3

2.2
© 0,1
0.6
3.3
6.2

2.}

culational uncertainty of 10% is deducted

© LT




Regulating CEAs

Group 7 .
Group 6

‘Group 5

Note

18
TABLE 5-3

ST. LUCIE UNIT I
CYCLE 3 REACTIVITY VWORTH
OF CEA REGULATING GROUPS

AT HOT FULL POWER,
%4p

Beginning of Cycle

-

0.78
0.52
0.39

Values shown assume sequential group insertion.

'%nd of éyc]e

"0.84°
* 0.56
* 0.46



© TABLE 5-4

ST. LUCIE UNIT I
CYCLE 3 CEA EJECTION
DATA

‘Maximum Radial Poqer Peak

Full poweé with Bank 7 inserted; worst CEA. ejected

Zero power with Banks 7#6+5 inserted; worst CEA ejected

Maximum Ejected CEA Worth (%ap)

Full power with Bank 7 inserted; worst CEA ejected

Zero power withﬂBanks 7+6+5 inserted; worst CEA ejected

L

Note

>

Uncertainties and-allowances are included in the above data.

Limiting Value

Reference Cycle

[
-

3.90
'8.34

Cycle 3

3.60
8.34

.29
.65

6T
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%
TABLE 55 ’
: ST. LUCIE UNIT I
4 AUGHENTATIOH FACTORS AfID GAP
: SIZES FOR CYCLE 3 ;
AD REFERENCE CYCLE g
L3
Reference Cycle Reload Cycle ' :
_ . . Noncollapsed -anco]lapsed " 5
Core Core Clad- " Gap Clad - Gap
Height - Height Augmentation Size -Augmentation Size
- (percent)  (inches) Factor (inches) Factor (inches)
98.5 136.7 - 1.062 2,94 - 1,068 2,04,
86.8 118.6 1.058 . -2.59 1.053 1.80
77.9 106.5 1.055 2.33 1.050 1.62
66.2 90.5 1.049 1.98 1.644 1.38
: 54.4 74.4 1,‘043 1.64 1.038 1.14
w . 45.6 62.3 . 1.038 1.38 1.033 0,96 |
' 33.8 ° . 26.2 1.030 1.04 1.026 0.72 T
22.1 3¢.2 1.022 0:69 1.018 0.48 ?
13.2 18.1 1.015 0.43 1.013 0.30 '
1.5 2.0 1.003 0.086  1.003 0.06
|
Notes )

Values are based on approved model described in Reference - 5.

L)

\

j LI
H
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-
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0.76 | 0.96
0.73 [ 0.9 | L15 | L12 |0.9
0.84 | 1.18 | 0.90 | 123 |0.96 | 1.30
0.8 | 113 |0.98 | 130y | 0.9 | L17 |0.87
0.72 | 1.18 |0.98 |0.88 |0.94 | 104 |0.85 | 114
0.98 |0.90 |1.29 {093 |L15 |0.92°|L13 |0.92
.14 | L2 |0.97 {103 [0.93 [0.8 |0.84 |0.9%
0.75
.11 |0.95 [L17 |0.8 |1.15 |0.8 |1.05 |0.89
0.95 | y
0.97 | 129 {0.87 |1.15 |0.97 {0.9 |0.83 |0.71
NOTE: X=MAXIMUM 1-PIN PEAK=1.49
ucie u ” F
kb | CYCLE 3 - ASSEMBLY RELATIVE POWER DENSITY 'qulre
Uit No. BOC, EQUILIBRIUM XENON >







22

0.73 | 0.92

0.71 | 0.95 | 1.09 | 1.06

. 0.95

0.81 | 113 | 0.88 | L17 | 0.94 | 125
0.81 | .08 | 0.96 | 126 | 0.97 | 1.17 | 0.89
1071 | L1 |09 |08 |09 | Lo |0.90 | L1
0.95 | 0.88 | 125 | 0.95 | L17 | 0.97 | 119 | 0.98
1.08 | L.17 {0.97 | 1.06 | 0.98 | 0.94 |0.93 | 105
0.73 -
—— 1.06 .| 0.94 | 117 {0.90 | 120 {0.935 | L15 |0.99
0.91
0.94 | .25 [0.89 |1L18 |1L03 {105 |0.93 |0.83
NOTE: X=MAXIMUM 1-PIN PEAK=1.41
St. Lucie FiqU re
weten et n | CYCLE3 - ASSEMBLY RELATIVE POWER DENSITY | o,
Uit No. 1 MOC, EQUILIBRIUM XENON J
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0.75 | 0.92
0,74 | 0.95-| .06 | 104 | 0.9
0.83 | 1.11 [ 0.89 | L14 | 0.94 | L.21
0.8 | 1.07 | 0.96 | .22 | 0.97 | .15 | 0.91
0 0.74 | L11 0.9 |0.91 | 0.95 | L06 | 0.92 | L1
0.95 | 0.89 | 122 |0.95 | L1 | 0.98 | 118 | L0O
.06 | 114 |0.97 | 106 |.0.9 |0.96 |0.95 | 106
0.75 _ — -
.04 |0.94 |1.15 092 | 119 {095 |11 | Lo2
0.92
0.93 |21 |0.91 {116 {L03 |1.06 {0.96 |0.88
NOTE: X=MAXIMUM 1-PIN PEAK=1.35
. St. Lucic Figure |
il | CYCLE3 - ASSEMBLY RELATIVE POWER DENSITY | &'
S i o, 1 EOC, EGUILIBRIUM XENON - .
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THERMALtnYDRAULIC DESIGH
DHBR Analyses

Steady state DIBR analyses of Cyc]e 3 at the rated power level of
2560 Mwt have been performed using the same design codes as described
in the FSAR, Reference 6. Appropriate adjustments were made to the
input of these codes to reflect the Cycle 3 power distribution. .

)

Table 6-1 contains a 1ist of pert1nent thermal-hydraulic design :
parameters used for both safety analyses and for genorat1ng reactor
protective system setpoint information.

The analyses were performed in the same manner as for the reference
cycle except for the following consideration on conservatism in DI(B

1imits due to statistical combinations.

In the DNB T1imit analysis, the assumed uncertainties in various
measured parameters are not combined in a single equation but are
factored into functional relationships as biases at various

points in the analysis. This biasing of functional relationships
throughout the analysis is equivalent to addwng the absolute power
uncertainties (equivalent to the uncertainties in the various
measured parameters)and applying “the total power uncertainty to
the best estimate calculation. The specific uncertainties along
with their equivalent power uncertainties are given below.

ASI . 0.06 ASIU 23.2% T
Pressure 22 PSI . >0.8% y
Temperature 2°F - 20.9% e
Flow ) 4% >5.0%

Power -~ 5% (LSSS) >3.5%

2% (LCO) >1.4% - -,

In the Cycle 3 analysis, the equivalent sum of these uncertainties is

12.4% for LSSS, 10.3% for LCO. Treating these measurement uncertainties

as stat7st1cal]y independent, the proper method for comb1n1ng then is

Root Sum Square (RSS) The RSS combination yields 6.6% for LSSS and :
5.8% for LCO, giving a net conservatism in the analysis of 5.8%.for LSSS and
4.5% for LCO. For the Cycle 3 analysis, a partial cred1t of 3% has .
been taken for the LCO and LSSS.

Investigations have been made to ascertain the effect of the CEA guide
tube wear problem and.the sleeving repair on DHBR fargins as established
by this type of analysis. The findings were reported to HRC in
Reference 4 which conclude that the wear problem and the sleeving repair
do not adversely affect DNBR margin.
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Unit No. 1

WITH-CEA BANK 7 INSERTED AT HFP BOC

0.62 | 0.77 .
0.59 | 0.85| 1.00| 0.94| 0.78
Y
. | 7
0.53 | 0.93| 0.87| L17]| 0.8 /07//
7 - )
77 —
0.53 %6/ 0.83| 1271 106 r22| 0.8
@ 0.59 | 0.93| 0.83| 0.89 | 1.08 | 124 106 | 137
0.85 | 0.87 | 127 | 107 | L40.| L19 La7 | L22
.00 | 117 ) o6 | 124 1.20] 15| 115 1.26
0.62
0.93 | 0.86 | 1.22 | 1.07 1.48X§ 1.15 | L34 | 109
0.76 %
0.77 {70767 0.90 | 138 | L27 | L27 | L03 [/0.58
v P22
_ NOTE: X=MAXIMUM 1-PIN PEAK=1.69"
L Sulwe CYCLE 3 - ASSEMBLY RELATIVE POWER DENSITY |Flaure
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Effects of Fuel Rod Bowing On DNBR Margin

Fuel rod bowing effects on DNBR margin for St. Lucie Unit 1

Cycle 3 have been evaluated within the guidelines set forth

in Reference : 9., Within the range of Cycle 2 termination

points and Cycle é lifetimes identified in this document, no

more than 89 assemblies will exceed the DNB reduction or *
penalty threshold burnup of 24,000 MND/T. At EOC 3, the
maximum burnup attained by any of these assemblies will be
33,800 MWD/T. From Reference -9, the corresponding DNB
penalty for 34,200 MWD/T is 3.4 percent.

An examination of the power distributions show that the
maximum radial peak at HFP in any of the assemblies that
eventually exceed 24,000 MWD/T is at least ten percent.

less than the maximum radial peak in the entire core. Since
the percent increase in DNBR has been confirmed to be never
less than the percent decrease in radial peak, there exists
at least ten percent DNB margin for assemblies exceeding
24,000 MWD/T relative to the DNB 1imits established by other

" .assemblies in the core.

i

-
~
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TABLE 6-1

St. Lucie Unit 1
Thermal-Hydraulic Parameters at Full Power

General Characteristics

Total Heat Output (core only)

Fraction of Heat Generated: in
Fuel Rod -

Primary System Pressure
~ Hominal
Minimum in steady state
Maximum in steady state

Design Inlet Temperature

Total Reactor Coolant Flow
(minimwa steady state) -

Coolant Flow Through Core

Hydraulic Diameter
(nominal channel)
.Average lass Velocity
Pressure Drop Across Corvre
(minimum steady state flow

irreversible AP over‘entire
fuel assenbly)

Total Pressure Drop Across Vessel
(based on nominal dimensions and
mininum steady state flow)

Core Average Heat Fiux (accounts for
above fraction of heat generated in
in fuel rod and axial densification
factor)

Total Heat Transfer Area (accounts for
axial densification factor)

Film Coefficient at Average Conditions

Maximum Clad Surface Temperature

Average Film Temperature Difference

Average Linear Heat. Rate of
Undensified Fuel Rod (accounts for
above fraction of heat generated:
in fuel rod)

Average Core Enthalpy Rise

Unit

Mwt

106 BTU/hr

PSIA

. PSIA

" BTU/hr-ft2-°F

PSIA
°F

GPH

106 1b/hr

10° 1b/hr

Tt

106 1b/hr-ft2

PSI

PSI

BTU/hr-ft2

ft2

°F
°F

kwi/ ft
BTU/1b

v

) Reference
Cycle 2 Cycle 3.

- 2560 - 2560
8737 8737
.975 .975
2250 2250
.2200 2200
2300 2300
544 544
370,000 370,000
140. 2% -.140,2%
135.0% 135.0%
0.044 0.044
2.53% 2.53%
10.2 10.3"
33.3 33.5
177,700 174,400
47,940 48,860
£820 " 5820
657 657
31 31"
5.94 5.83
65% 5%

* "
Calculated at design inlet-temperature, nominal primary system pressure.

-
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TABLE 6-1 (continued)

Ca]tu]ationaT Factors

Engineering Heat Flux Factor , |
Engineering Factor on Hot Channel Heat Input
Inlet Plenun Honuniform Distribution .
Rod P{téh, Bowing and Clad Diameter’

Fuel Densification Factor (axial) i
Fuel Rod Bowing Augmentation Factor on Fr '

Statistical Component of Fril @
1 95/95 Confidence Level

kd . rew
— E o'w W T

Refefédce .
Cycle Cycle 2
1.03 1.03
1.03 1.03
1.05 1.05
1.065 1.065
1.01 1.01.
1.018 1.018
1.0513° 1.0513 '
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‘ 7.0 ACCIDENT AND TRANSIENT ANALYSIS

The purpose of tnis section'is to present the results of the safety analysis
(other than LOCA) for St. Lucie Unit 1, Cycle 3, at 2560 MWt. The events
considered for this analysis are listed in Table 7-1. These are the design
basis events for the plant. These évents can be categorized into the
following groups. . . '

1. Anﬁicipqted Operational Oqcurrehces for- which the Reactor Protection °
System assures that the Specified Acceptable Fuel Design Limits
(SAFDLs) will not be exceeded; ’

2. Anticipated Operational Occurrences for which the initial steady
" state overpcwer margin must be maintained in order to assure that
the SAFDLs will not be exceeded; | -1 :

3. Postulated Accidénts.

Each of the events listed in Table 7-1 has been reviewed for Cycle 3 to determine
if an explicit reanalysis was required. Table 7-1 indicates the analysis status
of each transient. The review of each design basis event (DBE) entails a
comparison between all the current and reference cycle key transient parameters
that significantly impact the results of the event. The reference cycle is one
for which an explicit analysis was performed for the event in question. If all
the current cycle values of key parameters for a particular event are bounded by
(consarvative with respect to) the reference cycle, no reanalysis is required.
In some instances, - reandlysis is performed if it is deemed beneficial from the
standpoint of enhanced operation flexibility or if it is desired to bound
parameters which are expected to become more adverse in future cycles.

The reference cycle for this analysis is St. Lucie Unit 1, Cycle 2.

The results of the review were that the key input parameters to all the DBEs for

Unit 1, Cycle 3, operation are less limiting than the specified reference cycle :

input parameters, except for the following:
1. Azimuthal Tilt Allowance

2. Radial Peaking FacFors,ény, Fr

3. Seized Rotor Pin Census Data

4. Different Axial Power bistributions

5. CEA Ejection Pin Census Data

In addition to changes in these key parameters, it was deemed to be desirable

to use augmentation factors and.CEA scram position versus time curves which
bound future cycles. Thus, a maximum augmentation factor of 1.071 was used

v
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instead of 1.058 quofed in Table.5.5. Also, the scram rod 1nsert1on t1me to.
QOA inserted was increased from 3.0 to 3. 1 seconds.,‘

As a resu]t of the above noted changes in key parameters, the Contro] E]ement
Assembly Withdrawal, RCS Depressurization, Loss of Coolant Flow, CEA
Ejection, and Se1zed Rotor trans1ents “have been reana]yzed as 1nd1cated in

Table 7-1. - N Ly

For-all DBEs other than those reanalyzed, reference cycle safety analyses,
bound the results that would be obtained for Cycle 3 and demonstrate safe -
operation of tfe St. Luc1e Unit 1, Cycle 3 at 2560 MWe. ¢

Thé CEA Ejection event was reana]yzed for Cycle 3 due to a more adverse p1n
census, an increased azimuthal tilt allowance, and the use of a more
conservat1ve CEA drop time to 90% insertion re]at1ve to Cycle 2.

The CEA Mithdrawal, event has been reana1yzed due to ‘the use of a more
conservat1ve CEA drop t1me to 90% 1nsert1on. . ’

For Cycle 3, both the P]anar Radial Peak1ng Factor (Fxy) and the Integrated

- "Radial Peaking Factor (F\) have increased in comparison ta Cycle 2. "The
- Timiting radials, (ny) and (F.), for all steady state and routine operat1ng

transients (i.e., Timiting conditions for operations) are explicitly .
included in the shape analysis on which setpoints are based. In the

_evaluation of all DBEs (Table 7.1), the higher initial radials have.no-

adverse impact on the safety analysis except for the Loss of Coolant Flow

. and Seized Rotor events. * Besides the increase in (Fyy) and (F.) and
azimuthal tilt allowance relative to Cycle 2, a more conservative CEA drop

time to 90% insertion was used to bound future cycles. Therefore,.the Loss
of Coolant F1ow and Seized Rotor ‘events have been reanalyzed.

The Reactor Coo]ant System Depressurizat1on event-was also reana]yzed for .
Cycle 3 due to the assumpticn of a longer CEA drop time to 90% insertion. -

*
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' TABLE 7-1
ST. LUCIE UNIT 1, CYCLE 2

.
I3
St

-

EVENTS CONSIDERED IN TRANSIENT AND ACCIDENT ANALYSIS

&

Ant1c1pated Operational Occurrences for which the
RPS Assures no Violation of SAFDLs:

Control Element Assembly Withdrawal
Boron Dilution
‘Startup of an Inactive Reactor Coolant Pump
Excess Load
Loss of Load
Loss of Feedwater Flow ]
Excess Heat Removal due to Feedwater Malfunction
Reactor Coolant System Depressurization
Loss of Coolant Flow1
Loss of AC Power
Anticipated Operational Occurrences which are
Dependent on Initial Overpower Margin.for -
Protection Against Violation of SAFDLs:
Loss of Coolant Flow
Loss of AC Power
‘Full Length CEA Drop
Part Length CEA Drop
Part Length CEA Malpositioning
Transients Resulting from Malfhnctlon of One
Steam Generator
Postulated Accidents:

CEA Ejection

TSteam Line Rupture

Steam Generator Tube Rupture
Seized Rotor

1Requires Low Flow Trip.

" Analysis ‘Stdtus

Reanalyzed
Not Reanalyzed
Not Reanalyzed
Not Reanalyzed
Not Reanalyzed
Not Reanalyzed
Not Reanalyzed

Reanalyzed

Reanalyzed
Not Reanalyzed

_Reanalyzed
Not Reanalyzed
Not Reanalyzed
Not Reanalyzed
Not Reanalyzed
Not Reanalyzed

Reanalyzed
Not Reanalyzed
Not Renanalyzed

Reanalyzed
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- TABLE 7-2
: ' SI. LUCIE 1 )
. CORE PARAMETERS INPUT TO SAFETY ANALYSES
, Reference
Physics Parameters Units Cycle Values

Planar Radial Peaking Factors *
For DNB Margin Analyées
Unrodded Region °
Bank 7 Inserted
For Planar Radial Corponent of 3-D Peak
(kw/£t Limit Analyses)
Unrodded Region
Bank 7 Inserted
Pezk Augmentation Factor
Modexrator Temperature Coefficient
Shutdown Margin (Value used in Zero Power

(SLB) (1 loop/2 loop)
Parameters

Power Level

.

Maximum Steady State Core Inlet Temperature
Minimum Steady State RCS Pressure

Reactor Coolant Core Flow

Full Power Axial Shape Index Limit

Maximum CEA Insertion at Full Power

Minimum Allowable Initial Peak’

Linear Heat Rate for transients other
than LCCA

Steady State Linear Heat Rate to Fuel
Centerline Melt

CEA Drop Time from Removal of Power .
t ding Coils to 90% Insertion

Thrce Pump Plenum Factor

10"%0/%F

MYt
°F
psia
10° 1b/hr
Ip

% Insertion
of Group 7

kw/ft
kw/ft

Sec

o/

1‘ 56
1.76

'1.062°
-2.5 » +,5
24.1/73.3

2611
544
2200
134.9
-.23
25

*16.0
21.0
3.0

1.09

*A conservative value was used in the safety analysis to bound later cycles.

Cycle 3
Values

1.58
1.82

- —
N i S
’

*
1.071

-2.5 » +,5
\

-4.1/-3.3

16.0
21.0
3.1

1.09






-pressure bias factor for this cycle has not. increased from the reference
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7.1 CEA WITHDRAWAL EVENT

The CEA withdrawal -event was reanalyzed for Cycle 3 due to the increase in
the CEA drop time to 90% insertion.

As.stated in CENPD-199-P (Reference 1), the CEA Withdrawal event initiated
at rated thermal power is one of the DBEs analyzed to determine a bias
factor used in establishing the TM/LP setpoints. This bias factor, along
with conservative temperature, pressure, and pover readings assures that
the TM/LP trip prevents the DNBR from dropping below the SAFDL Timits
(DNBR = 1.30 based on W-3 correlation) for a CEA VWithdrawal event.

Hence, this event was analyzed for Cycle 3 to generate the bias term input to
the TM/LP trip. The CEA VWithdrawal transient may require protection against
exceeding both the DNBR and fuel centerline melt (kw/ft) SAFDLs. Depending
on the initial conditions and the reactivity insertion rate associated with
the CEA withdrawal, either the Variable High Power Level or Thermal Margin/
Low Pressure (TM/LP) trip reacts to prevent exceeding the DNBR SAFDL. An
approach to the kw/ft limit is terminated by either the Variable High Power
Level trip or the Local Power Density trip. .

The zero power case was analyzed to demonstrate that SAFDLs are not exceeded.
For the zero power case, a reactor trip, initiated by the variable high power
trip at 25% (15% + 10% uncertainty) of rated-thermal power, was assumed in
the analysis.

The key parameters for the cases analyzed are reactivity insertion rate due
to rod motion and moderator temperature feedback effects, and initial axial
povier distribution. The Resistance Temperature Detector (RTD) response
time is also important in determining the pressure bias factor.

The range of reactivity insertion rates considered in the analysis is given
in Table 7.1-1, along with the values of’ other key parameters used in the
analysis of this event. These parameters were chosen to produce the most
severe rate of change of DNBR at the time a trip is encountered, thereby
producing the most limiting case in terms of SAFDL protection requirements.
The initial axial power shape and the corresponding scram worth versus
insertion used in the analysis of both cases is a bottom peaked shape. This

- pover distribution maximizes the time required to terminate the decrease in

DNBR following a trip.
The CEA Withdrawal transient initiated at 102% of 2560 MWt results in fhe

maximum pressure bias factor of 52.0 psia. This bias factor accounts for
measurement system processing delays during the CEA Withdrawal event. The

cycle, since the decrease in maximum reactivity insertion rate compensates

for the increased CEA drop time and helps improve the results. This .. . _

pressure bias factor is used in generating TM/LP trip setpoint and will
prevent the SAFDLs from being exceeded during.a CEA withdrawal event.



The zero power case initiated at the limiting conditions of operation resuits g
in a minimum W-3 DNBR of 2.4. Also, the analysis shows that the fuel

.centerline temperatures are well be]ow those corresponding to the fuel

centerline melt SAFDL. .

The Sequence of Events for the zero power case is presented in Table 7.1-2.
Figures 7.1-1 to 7.1-4 presents the transient behavior of core power, core
average heat flux, the coolant temperatures, and the RCS pressure.

The analysis of the CEA Withdrawal event presented herein, shows that the DNB
and fuel cénterline melt SAFDLs will not be exceeded during a CEA Withdrawal

transient for Cycle 3, and that the pressure bias for the TM/LP generated for
Cycle 2 is conservat1ve
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Parameter

Initial Core Power Level

Core Inlet Coolant Temperature
Reactor Coolant System Pressure

Moderator Temperaturea
Coefficient

Doppler Coefficient Multiplier
CEA Worth at Trip - FP .

CEA Vorth at Trip - ZP
Reéctivity Insertion Rate

“io]ding Coil Delay Time

CEA Time to 90 Percent
Insertion (Including Holding
Coil Delay)

Resistance Temperature
Detector Response Time
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TABLE 7.1-1

Units

- MWt

OF
psia

1074 2p/°F

1072 Ap

2

107° ap

x10"4 Ap/sec

sec

sec

sec

KEY PARAMETERS ASSUMED IN THE CEA WITHDRAWAL ANALYSIS

tycle 2
0-102% of 2560
532-544
2200

+.5

.85
-4.32

-3.3

0 to 2.0
0.4
3.0

8.0

Cycle 3
0-102% of 2560

532-544 °
2200
+.5

" .85

-4.32
-3.3

0 to 1.3
0.5

3.1

8.0



¢

Time (Sec)

0.0

28.1
28.5
29.0,
29.3
30.6"
30.6
32.7
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TABLE 7.1-2

. SEQUENCE OF EVENTS FOR
CEA WITHDRAWAL FROM ZERO POWER

Event

CEA lithdrawal Causes Uncontrolled Reactivity
Insertion

High.Power Trip Signal Generated
Reactor Trip Breakers Open

CEAs Begin to Drop into Core
Maximum Power Reached

Maximum Heat Flux Reached
Minimum W-3 DNBR Occurs

Maximum Pressurizer Pressure Reached

Setpoint.or Value

25% of 2560 MWt

148% of 2560 MWt

© 64.6% of 2560 Mt

2.40
2358 psia
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7.2 RCS DEPRESSURIZATION EVENT

The RCS Depressurization event was reanalyzed for Cycle 3 due to a more conservative

. CEA drop time to the 90% insertion value of 3.1 seconds for Cycle 3 in
comparison to the Cycle 2 value of 3.0 seconds. As.stated in CENPD-199-P
(Reference 1), this event is one of the DBEs analyzed to determine a bias
term_input to the TM/LP trip. Hence, this event was analyzed for Cycle 3 to
obtain a pressure bias factor. This bias factor accounts for measurement
system processing delays during this event. The trip setpoints incorporating
a bias factor at least this large will provide adequate protect1on to prevent
the DNBR SAFDL from being exceeded during this event.

The assumptions used to maximize the rate of pressure decrease and,
consequently, he fastest approach to DNBR SAFDLs are:

1) The event is assumed to occur due to an inadvertent opening of both
pressurizer relief valves while operating at rated thermal power.
This results in a rapid drop in the RCS pressure and, consequently,
a rapid decrease in DNBR.

2) The initial axial power shape and the corresponding scram worth
versus insertion used in the analysis of both cases is a bottom
peaked shape. This power distribution maximizes the time
required to terminate the decrease in DNBR following a trip.

3) The charging pumps, the pressurizer heaters, and the pressurizer
- backup heaters are assumed to be 1noperab1e. This maximizes the
rate of pressure decrease and, consequent]y, max1m1zes the rate
of approach to DNBR SAFDL.

The analysis of this event shows that a pressure bias factor of 30.0 psia is
adequate. This is less than that required by the CEA Withdrawal event.
Hence, the use of the pressure bias factor determined by the CEA lithdrawal
event will prevent exceeding the SAFDLs during an RCS Depressurization event.

——
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‘ 7.3 LOSS OF COOLANT FLOW EVENT

The Loss of Coolant Flow event was reanalyzed for Cycle 3 due to an increase
in the radial peaking factor, the use of a more conservative CEA drop time

to 90% insertion, and changes in the axial pover distributions which included
increases in axial peaks for some of the distributions analyzed. The purpose
of the reanalysis is to demonstrate the Specified Acceptable Fuel Desian
Limits (SAFDLs) are not exceeded during this event.

The methodology employed for Cycle 3 is identical to that used for Cycle 2 and ]

is discussed in detail in Reference 1, "C-E Setpoint Methodology".

The 4-pump loss of flow was initiated at the Limiting Conditions for Operation
(LCO) since this produces the most adverse transient. A1l the key input
parameters for Cycle 3 are listed in Table 7.3-1. In addition, Table 7.3-1
contains a comparison between the input parameters for Cycle 3 and Cycle 2.
The loss of flow event is caused by an assumed loss of power to all four
reactor coolant pumps. At 0.9 seconds, a low flow signal is generated at 93%
of minimum guaranteed flow and at 2.05 seconds, the CEAs begin to drop 1nto
the core to mitigate the transient.

In Table 7.3-2, the NSSS and RPS responses are shown for an Ip = -0.23.

Figures 7.3-1 through 7.3-5 present the time dependent NSSS parameters of core '

flow fraction, core power, core heat flux, RCS pressure, and coolant
temperatures for Ip = -0.23. This shape index is conservative with respect to
the most negative shape index (Ip = -0.21) allowed by the LCOs at 100% pover.
Figure 7.3-6 shows the DNBR as a function of time for this limiting case

(Ip = -.23) which results in a minimum hot channe] DNBR = 1.31 based on the
W-3 correlation.

Similar calculations were performed for the Loss of Coolant Flow event over a
range of axial power shapes, core burnups, and CEA configurations to determine
the DNBR margin requirements as discussed in CENPD-199. The case presented
here is the most adverse of those a]lowed at the negatwve extreme of the shape
index LCO Timits.

For the case of the loss of coolant flow event arising from the simultaneous
loss of power to all four reactor coolant pumps, the low flow trip in
conjunction with the initial overpower margin built into the Technical:
Specifications LCO Timits maintain the minimum DNBR greater than or equal to
1.30 during this event.
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" Parameter

= -

Initial Core Power Level
Core Inlet Coolant: Temperature
Core Mass Flow Rate

Reactor:Coolant System
Pressure

Moderator Temperature
Coefficient

Doppler Coefficient Multiplier
LFT Besponse Time

EA Holding Coil Delay
‘@EA Time to 90% Insertion

(Including Holding Coil Delay)

CEA Worth Available at Trip
from FP

Total Unr?dded Radial Peaking
Fagtor, Fr

. 4-Pump RCS Flow Coastdown

! *
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Units.
(MWt)

(°F)

(108 1bm/hr)

(psia)

(10~% 8p/°F)

(sec)

(sec) -

(sec)

-2

(107° ap)

Unit 1, Cycle 2

KEY PARAMETERS FOR THE LOSS OF COOLANT FLOW INCIDENT ANALYSIS

Unit 1, Cycle 3

102% of 2560
544

134.9

2200

+.5

.85
0.65
0.4
3.0

-5.41

. 1.58

Figure 7.3-1

of Reference 9

102% of 2560

- 544
134.9

2200
+.5

.85
0.65
0.5
3.1

-5.41

1.64

Figure 7.3-1
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TABLE 7.3-2
o | © LSS OF FLOW SEQUENCE OF EVENTS

Time (Sec) Eﬁgﬁg Value
0.0 : Loss of Power to all Four Reactor -

Coolant Pumps
0.9 Low Flow Trip .. 93% of 134.9x10° 1bm/hr
1.55 ' Trip Breakers Open _ '
2.05 ' Shutdown, CEAg Begin to Drop into --

Core o '
2.64 Minimum W-3 DNBR 13
4.5 Maximum RCS Pressure, psia . 2261
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0 7.4 CEA EJECTION

i

The CEA Ejection event was reanaly;e& for Cycle 3 because a more conservative

CEA drop time to 90% insertion was assumed, and because of a more adverse pin
census, and an increase.in the azimuthal tilt allowance relative to Cycle 2.
The purpose of this analysis is to demonstrate that the clad damage criterion
is’ not exceeded for the zero power and the full power CEA ejection events for
Cycle 3. ’ . ‘

To bound the most adverse conditions during the cycle, the most Timiting of
either the Beginning of Cycle (BOC) or End of Cycle (EOC) value was used 1in
the analysis. A BOC Doppler defect was used since it produces the least
amount of negative reactivity feedback to mitigate the transient. A BOC
moderator temperature coefficient of +0.5x10-4 Ap/°F was used which results
in positive reactivity feedback with increasing coolant temperatures. A EOC
Beta Fraction was used in the analysis to produce the highest power rise
during the event. For the full power and zero power case, the most negative
shape index allowed by the DNBR monitoring band (-0.21 for full power, -0.40

* for zero power) was used. This is consistent since the power shifts to the
top of the core after the CEA ejects.

In the analysis, the CEA is assumed to be ejected in 0.05 seéonds (the‘same as

for Cycle 2). At zero power, the core is assumed to be operating at 1 MWt for
conservatism. The Variable.Overpower trip is conservatively assumed to
initiate at 25% (15% + 10% uncertainty) of 2754 Mit. :

The full power case ‘was initiated at 2754 MWt and is terminated by the high
pcwer trip. - Ct o

The analytical methods used in the analysis of this event have been
demonstrated to be conservative relative to the approved Combustion
Engineering CEA Ejection Method which is presented in Reference 8
(CENPD-190A).

The reactivity-forced power transient was simulated by a digital computer
program, CHIC-KIN (Reference 3), which simultaneously solves the one group
neutron point kinetics equations together with the time and space dependent
thermal and hydraulics equations for heat generation and transport within a
single channel. The kinetics model incorporates the standard six-delay
group representation along with explicit reactivity contributions from:

(a) CEA motion, (b) Doppler effect, and (c) moderator density variations.
By simulating the core average channel, the CHIC-KIN code computes the core
average integrated energy output during the course of the transient.

In the CEA ejection event, the principal reactivity feedback mechanism

affecting the power transient is the Doppler feedback. In the point kinetics

approach, utilized in CHIC-KIN, a spatial Doppler weighting factor (K)
Gaccounts for the fact that the Doppler feedback effect is a function of the
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w spat1a1 flux distribution. In ordér to represent the radial Dopp]er effect
. in a conservative manner, a space—t1me analysis was performed in which '

point kinetics calculations for various radial slices were compared with
time-dependent, two-dimensional diffusion theory results obtained with a
C-E modified version of the TWIGL code (Reference 4).. The results of the
space-time analysis have demonstrated that the use of the static (non-Doppler
flattened) radial fuel rod peaking factor, as obtained from two-dimensional
diffusion theory calculations, in conjunction with the average hot spot
energy releases, yield energy increases that are conservatively large.
Radial Doppler we1ght1ng factors obtained as a function of the ejected CEA
worth are defined such that CHIC KIN and TNIGL results give the same total
core energy release.

The average energy.rise in the hottest fuel pellet is obtained from the
following relationship:

X K] - E

= [(P/A)y x AE uT (7.4-1)

Ave %

Where AEp,q is the average core energy rise obtained from CHIC-KIN; (P/A)H

(the three-dimensional fuel rod peaking factor) is the ratio of the hot

spot power density to the core average pover density obtained from static,

non-Doppler flattened diffusion theory calculations; K is the reduction

factor defined above. For the zero power case, it is conservatively

assumed that Eyy, which accounts for heat transferred out of the fuel rod
- during the trans1ent, is zero.

The average energy in the hottest fuel pellet at the beginning of the
transient is added to the net average energy rise in the hottest fue]\pellet
as obtained from Equat1on (7.4-1) to determine the total average enthalpy in
the hottest fue] spot in the core. A similar procedure is used to compute
the total centerline enthalpy in the hottest spot. The initial energy is
obtained by correlating the initial local fuel temperature with an empirical
temperature-enthalpy relationship (see Reference 8).

The spatial variation of the core local-to-average power ratio results from
the convolution of .the axial power distribution with radial pin power

census distributions for the post-ejection condition, which are based on
static core physics calculations. Combining these results with the total,
average and centerline enthalpies in the hottest fuel spot yields the
fractional number of fuel rods with specific total average and centerline
enthalpies. The calculated enthalpy values are compared to threshold enthalpy
values to determine the amount of fuel experiencing the various degrees of
fuel damage. These threshold enthalpy values are (References 5, 6, and 7):

: Clad Damage Threshold: ‘
: “ Total Average Enthalpy = 200 cal/gm

Incipient Centerline Melting ?hresho]d:
Total Centerline Enthalpy = 250 cal/gm

Fully ﬁo]ten Centerline Threshold:
Total Centerline Enthalpy = 310 cal/gm
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The criterion for detérmining the fraction of fuel rods that will release
their radioactive fission products during a CEA ejection is the same as

- the one quoted above for determining clad damage. Thus, it is assumed

that any fuel rod that exceeds a total average enthalpy of 200 cal/am
releases all of its gap activity. The gap activity corresponding to the

. hottest fuel rod during the core cycle is conservatively assumed_for each

rod that suffers clad damage. '

The method described above .is thé same method that was used for Cycle 2,
the reference cycle. .

L4

: Thé key parameters for the full power and zero power CEA ejection events for

Cycle 3 and Cycle 2 are listed in Table 7.4-1. All the ejected CEA worths

-and radial peaking factors include appropriate allowances for calculation

uncertainties. The parameters shown in Table 7.4-1 produce the most Timiting
transients for both zero power and full power CEA ejection events. An

_ augmentation factor of 1.071 was used instead of the 1.058, shown in Section

5.0, to bound Tater cycles. The higher augmentation facgor'is conservative.

The-power transients produced by a CEA ejection initiated at full "power is
shown in Figure 7.4-1, and at zero power is shown at 7.4-2. In both cases,
the power transient is terminated by the Doppier feedback and the event is °
terminated by the CEAs dropping into the core.

The results of the full power and zero power CEA ejections are shown in Table
7.4-2. For the zero power case, the total energy deposited during the event
has increased due to an increase in the key parameters mentioned previously.

For the full power case, the total energy deposited has decreased for Cycle 3
in comparison to Cycle 2. This is due to the fact that the decrease in the -
post-ejected radial peaking factor offsets the more conservative CEA_drop

time and slightly larger azimuthal tilt allowance.- The augmentation

factor has only minor-impact on the results. Although the total energy
deposited has decreased, the CEA ejection pin census data has become ‘more
adverse. Thus, there are more pins in the threshold range. The number of

fuel pins that experience incipient centerline melting has increased (from 1.3%

" to 2.8%) for Cycle 3. d f

For the zero power case, the total energy deposited has increased for Cycle 3,
in comparison to Cycle 2, because of the more conservative CEA drop time. All
other key input parameters for this event are bounded by Cycle 2 values as
shown in Table'7.4-1. : :

Since the total eneréy débosited for both- zero power and full power CEA®
ejection events-is less than the criterion for clad damage (i.e., 200
cal/gm), no fuel pins will fail. ‘ . . .



Paramater
Full Powér
Core Power Level

Core Average Linear Heat Rate
of Fuel Rod

Moderator Temperature
Coefficient

Ejected CEA Horth

Delayed Neutron Fraction, 8
Past-Ejected Radial Power Peak
Power Peak

nk Worth at Trip
Augmentation Factor
K-Factor

Tilt Allowance

Zero Power

Core Power Level

K-Factor

Ejected CEA Horth
- Post-Ejected Radial Power Peak
~ Axial Power Peak

CEA Bank Worth at Trip
Allowance .

urop Time

- TABLE 7.4-1

Units

MWt

kw/ft

1074 20/°F

Z0p

%Ap

MWt

Z0p

y 4.%s)

KEY PARAMETERS ASSUMED IN THE CEA EJECTION ANALYSES

Reference Cycle
Cycle 2

2754
6.41

+.5

.29
.0047
3.9
1.39
-3.0
1.062
.92
1.02

1.0
.88
.65
8.34
1.59
~-1.47
1.10
3.0

Cycle 3

2754

6.29

‘.5

.29
.0047
3.6

1.39

~3.0

1.071
.92
1.03

1.0
.88

.65

8.34
1.59
=1.47
1.10

3.1
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TABLE 7.4-2

Full Power -

Total Average Enthalpy of Hottest Fuel Pe]fet
(cal/gm) -

" Total Centerline Enthalpy of Hottest Fuel Pellet
(cal/gm) |

Fraction of Rods that Suffer Clad Damage (Average
Enthalpy > 200 cal/gm)

Fraction of Fuel Having at Least Incipient Centerline
Melting .(Centerline Enthalpy > 250 cal/gm)

Fraction of Fuel Having a Fully Molten Centerline
Condition (Centerline Enthalpy > 310 cal/gm)

Zero Power

Total Average Enthalpy of Hottest Fuel Pellet
(cal/gm)

Total Centerline Enthalpy of Hottest Fuel Pellet
(cal/gm) ;

Fraction of Rods that Suffer Clad Damage (Averége
Enthalpy > 200 cal/gm) :

Fraction of Fuel Having at Least Incipient Centerline
Melting (Centerline Enthalpy > 250 cal/gm)

. Fraction of Fuel Having a Fully Molten Centerline
Condition (Centerline Enthalpy > 310 cal/gm)

B -
“ '
v

CEA EJECTION ACCIDENT RESULTS

Reference Cycle
Cycle 2

- 198.0

’

293.0

.013

Reference Cycle
Cycle 2

177.7-

198.0

Cycle 3

194.0"

289.0

.028

Cycle 3

186.0

209.5
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7.5 SEIZED ROTOR EVENT

The Seized Rotor event was reanalyzed due°to a more edverse pin census and an
increase in radial peaking factors from Cycle'2 to Cycle 3. Hence, a

‘reanalysis was performed for Cycle 3 to ensure that only a,small fraction of

fuel pins are predicted to fail during this event.

The Seized Rotor event is initiated by the assumed complete seizure of a pump
shaft in one of the reactor coolant pumps. This causes the core coolant flow
to decrease rapidly to the three pump flow. This is conservatively assumed
to happen instantaneously. For additional conservatism, no credit is taken
for the decrease in core heat flux, the increase in RCS pressure, or the

. decrease in core inlet temperature at the time of minimum DNBR.

The methodology used in determining the amount of fuel damage is the same as
for Cycle 2. These methods are discussed in detail in Reference 2. A
conservatively "flat" pin census distribution (a histogram of the number of
pins with radial peaks in intervals of .01 in radial peak normalized to-the
maximum peak) was used to determine the number of.pins that experience DNB.

A comparison of the key parameters assumed in this analysis for Cycle 3 (and
for the reference cycle, Cycle 2) are presented in Table 7.5-1. The Seized
Rotor event was initiated at the LCOs to max1m1ze the number of predicted
fuel pin failures for Cycle 3.

The NSSS and RPS response for Seized Rotor event initiated at an Ip = -0.23 is
shown in Table 7.5-2. Figures 7.5-1 through 7.5-4 present the time dependent

" NSSS parameters at an Ip = -0.23 for core power, core heat flux, RCS pressure

and coolant temperatures. An Ip = -0.23 is conservative with respect to the
most negative shape index (Ip = -0.21) allowed by the LCOs.

The Seized Rotor analysis for Cycle 3 y1e1ds a minimum W-3 DNBR of 1.0 and
the predicted number of pins that experience fuel fa11ure is 0.99% in
comparison to 0.7% in Cycle 2.

For the case of the loss of coolant flow resu]ting from a seizure of a reactor
coolant pump shafty a trip on low coolant flow is initiated to limit the

pred1cted fuel pin failure to only a small fraction of the total number of
fuel pins. Based on the low probability of this event, the small number of

predicted fuel pin failures is acceptab]e N
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Unit 1, Cycle 3

: i TABLE 7.5-1
Q ASSUMPTIONS FOR SEIZED -ROTOR EVENT
Parameter Units Unit 1, Cycle 2
Initial Core Power Level MWt 2754°
: Core Inlet Coolant Temperature OF ‘ 544
‘ Core Mass Flow Rate . 100 1bm/hr . 134.9
Three Pump Core Mass Flow Rate 106 1bm/hr 104.1
Reactor Coolant System Pressure psia 2200
Moderator Temperature 1074 Ap/C°F +.5
Coefficient 7
Doppler Coefficient Multiplier. -- .85 °
CEA Worth at Trip 1072 ap -5.41
1.58

X al Unr?dded Radial Peaking
: tor, Fr

R e L TP RE RS A W N

- e FOIE

2754
544
134.9

104.1
2200
+.5

.85
-5.41
1.64
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TABLE 7.5-2

SEIZED ROTOR SEQUENCE OF EVENTS

Time (Sec)

0.0

0.0

’6.65,
1.15
3.3’

Event
Seizure of One Reactor Coolant Pufip

Low Flow Trip |

Trip Breakers Open

Shutdown CEAs'Beginftthrop Into Core
Maximum'RCS Pressure (2276)
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ATTACHMENT B

St. Lucie Unit 1
Docket No. 50-335
Cycle 3 Operation

PROPOSED TECHNICAL SPECIFICATIONS

[




DEFINITIONS

REACTOR TRIP SYSTEM RESPONSE TIME

1.26 The REACTOR TRIP SYSTEM RESPONSE TIME shall be the time interval
from when the monitored parameter exceeds its trip setpoint at the
channel sensor until electrical power is interrupted to the CEA dr1ve
mechanism. .

ENGINEERED SAFETY FEATURE RESPONSE TIME

1.27 The ENGINEERED SAFETY FEATURE RESPONSE TIME shall be that time
interval from when the monitored parameter exceeds its ESF actuation
setpoint at the channel sensor until the ESF equipment is capable of
performing its safety function (i.e., the valves travel to their
required positions, pump discharge pressures reach their required
values, etc.). Times shall include diesel generator starting and
sequence Toading delays where applicable.

PHYSICS TESTS

1.28 PHYSICS TESTS shall be those tests performed to measure the
fundamental nuclear characteristics of the reactor core and related
instrumentation and 1) described in Chapter 14.0 of the FSAR, 2)
authorized under the provisions of 10 CFR 50.59, or 3) otherw1se
approved by the Commission. - .

UNRODDED INTEGRATED RADIAL PéAKING FACTOR - F,,

1.29 The UNRODDED INTEGRATED RADIAL PEAKING FACTOR is the ratio of
the peak pin power to the average pin power in an unrodded- core,
excluding tilt.

LOAD FOLLOW OPERATION . ,

1.30 LOAD FOLLOW OPERATION is repeated daily paheriievel changes of
more than 10% rated thermal power or daily insertion of- control rods

‘beyond the long term insertion limits.

ST. LUCIE - UNIT 1 1-6 . 2.22-79
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TABLE 2.2-1

REACTOR PROTECTIVE INSTRUMENTATIOH TRIP SETPOINT LIMITS

FURCTIONAL UNIT

].
2.

Manual Reactor Trip
Power Level - High (1)

Four Reactor Coolant Pumps
Operating

Reactor Coolant Flow - Low (1)

" Four Reactor Coolant Pumps

Operating

Pressurizer Pressure - High.
Containment -Pressure - High
Steam Generator Pressure - Low (2)

Steam Generator Hater Level -Low

Local Power Density - High (3)

.

TRIP SETPOINT
Not Applicable

<9, 61% above THERMAL POHER,"
with a minimum setpoint of 15%
of RATED THERMAL POWER, and a
maximum of < 107.0% of RATED
THERMAL POWER.

> 95% of design reactor coolant
Tlow with 4 pumps operating*

< 2400 psia
< 3.3 psig
> 500 psia

2_37.0% Hater Level - each
steam generator

_ Trip setpoint adjusted to not

exceed the T1imit lines of
Figures 2.2-1 and 2.2-2

- *Desgn reactor-coolant flow with 4 pumps operating is 370,000 gpm.

ja -

ALLOWABLE VALUES

Not Applicable

< 9.61% above THERMAL POWER, and
a minimum setpoint of 15% of RATED
THERMAL POMER and a maximum of

< 107.0% of RATED THERMAL POWER.

> 95% of design reactor coolant
Tlow with 4 pumps operating*

< 2400 psia

3.3psig
- 500 psia

8%

e

37.0% Hater Level - each
steam generator

iv

Trip set point adjusted to not
exceed the 1imit lines of
Figures 2.2-1 and 2.2-2.







. - N 'i
T =TI = o
garaors L AT3 i frimrees e " wrvers Lo orrt by
T Ty - —— L
. T oy ya'd Shee—r 14 * T T
et el sl m i St ri 1 ~Srire bemr S FTE o2 T] T S T 3 - -
eyt boatu § voos pr ki et AT e N 1
z e e R I LI B I T s e I Ttk $reail
- mee) ra sltlsesy i I% 1+ LIRSS o S da &3 pefe bty
- =3 3Ty T LR 8] ek 30T T ¥ =y
L ﬂ-l.ltbu . | ofiefere Metistaipr 3ol — : chtipieker ot »qlr byt 3 ye mlwn (o) *
4 e % = =eprbevhrpesiebupinprssatolior )JI» Y STl e = - ot *
peetyenal yld igel mifyd - m = '*'M_nw D e a8l oty bever m s | 233 = > pee 1 ©
= TR A = (O ST T e .1n u”. T ==t
L L Th ity £ 34wty SertoiT Stee ¥ Eret ey e
it _p...v.. M 2 ,.' i 3 .“r i £ Y 0.. REhSma R n e
: .m S5 Tt aww.m.l HYALER R < 183 Tt T £
L.mx‘l...l.mm < o, B e Sy (st G e P e R st P MY T
1=z Tkl = O [xitiranbnmirimaiee e o b IEH I ST 3
. 33t it S5 £ ,JJ.MM T A TR T e = R R R o o PR e B e e Ao
.ll.i]-' - o e - o o § ooy €t v e - e o I I e Rl RO N I I I Lr— >
= R Bl «.mﬁ O ittt i Es el P...,.L.m” pes e FaT T O
— D2 2] {rases et T ¥ : %
Livefbobngs [ L 31 T - =z ' 3
vo bveewwd oot » fpowpe Lof Tl e 12 ] 4 [Tt /e phobeticlesptpamm fomie - et e v b Ll
ot s SR ) S wn H il 13 3 B S Brn s 5 4 B s Haay O st g Besete T Yt ey t = A .
B e IR e B AN R et ot R e Sl e . | 5| |
stEpepe bl e pETenTy sTepemet s T T ' m. 4
TTalfieleyr et e meJ LI O [riait Aarfeeit Lroet 13 2 ve ] . A
S e e B e S e e Bt S Pl =i : v o0
== o o Sty e o} =~ e bb gl prcoy NS 4 ()] !
Sive zprshirs -‘0_.«..h.ﬁm.]. ima 5 By A = © y g -t v '
= i s B B etk R P R e . : i @ >t i
13 " pdy4) 31 YTe Lo : ~e | s i Q. =y
ek : : £
1 - ~ - faaad
e pet — TLrresro s e <ETTRT VA\ e . _
- [ f= ep e pertore=tobpr o ©
. 4W 3 .ﬁ.imv )43 tev41 so 39 Fr¥dd daded .h.ﬂu o. popd ppend w N = w ;
fetive-t- 1r1 FL XA ST 2I0S b ey =1 o = I c un ‘
prtert - L
il .u.r rrrtizizbros s e Y eIyl O L} n/m :.uu.u w |
= e »: » < ¢ H
R B A o e Eava oty e cEnol  ow N =
oot & ! 1
k2 y by | Ueuets B P 1
S s n oy e L > N
Py 1T ST T T T s T o = = Iz M o 4 ! .
B L a b et e & S s
oo b d s (121 -2 % llvhn-ﬁl[nv.-lL m N~ i
~: [s13 -
T = T — = ' .
oﬂ.ﬂw»rllcnc.l\n re=famenkteseneet O ] < L ooy .
SR IR RS L=SERRL Y =T <K e N = = N
R EREE =i o
L0 SO T Tres — "y * >< . [ H
- e n=xixh ~Toe] ~Toe] 0. < : > )
0 g IR T 1= o :
-t $2 33wy = -l ets =o !
=i g orr beely y (= m
= rrey s gy — e T oL
povr L ERs o St Rigie : : ’ |
A e R B R ] e ey S HERIT e
SRR S N e e e P et S
. - =11 !
Y - Loappovafonn Y H
TR [T e R e L g ] R T S ]
== - oo bFeiiof LT s bfavitinmivhetrrd Seafoeir -~
R RN H T B B S R H bt . ¥
o mm cestHinppaictartictarg=t! ﬂ.nw
= TS T v torfotossiies e
1 oo 41 11 13103511t =
] 0. b= Bt i e i
O M t ’ :%wun. RISHETH
= M%::“ tHiiipeestetenit
» 3 . T Ed o =gy
=0 m_.—.nmmdnwanm
5 salgperripR ooty e
g . 1111 abfy -, 14
o Hid P R s ipn
12{s=: e G RS S B
z =L TR HIHT Y RIETHHBIN
= : 1 "mm_ saithiptl it
izt 3 U stapreispas
R =t I E 2 ERISHIHH
< o . <o
. . - .
— — o

- .St. Lucie - Uni
e 5.—.ﬂ ._ NIN w NINNIN@




REACTIVITY CONTROL SYSTEMS

CEA DROP TIME

LIMITING 'CONDITION FOR O"ERATION

'ST. LUCIE - UNIT 1 ' 3/4 1-26 f 2-22-79

23.1.3.4 %he individual full length (shutdown and control) CEA drop

time, from a fu]]y withdrawn pcsition, shall be < 3.1 seconds from when I )
electrical power is-interrupted to the CEA drive mechan1sm unt1] the CEA
reaches its 90. percent insertion pos1t10n with:

a. Tavg > 515°F, and : B T

b. All reactor coolant ‘pumps operating.

APPLICABILITY: " MODE 3.,

ACTION:

a. With the drop time of any full length CEA determined to exceed
. the above 1imit, restore-the CEA drop time to. within the above
limit prior to proceedxng to MODE 1 or 2. :

b. With the CEA drop times within Timits but determined 2t less
. than full reactor coolant flew, operation may proceed provided
THERMAL POWER 1is-restricted to less than or equal to the )
maximum THERMAL POWER level allowable for the reactor coolant -
pump combination operat1ng at the time of CEA drop time
. determination. .

SURVEILLANCE REQUIREMENTS

4.1.3.4 "The CEA drop t1me of full Tength CEAs sha]] be demonstrated
through measurement prior to reactor criticality:

. a. For all CEAs fol]ow1ng each removal of t ie reactor vessel
* head, ‘ “ f

b. For specifically affected individual CEAs following any main-
tenance on or modification to the CEA drive system which could
affect the drop time of those specific CEAs, aqd .

c. - At. least once per 18 months.

. «
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3/4.2 POWER DISTRIBUTION.LIMITS
LINEAR HEAT RATE .

LIMITING CONDITION FOR OPERATION B e -

3.2.1 The 11near heat rate shal] not exceed th° 11m1ts shown on
Flgure 3.2-1. . T

APPLICABILITY: MODE 1. .
ACTION: |

HWith the 11near heat rate exceed1ng its Timits, as 1nd1cated by fTour or
more coincident incore channels or by the AXIAL SHAPE INDEX.outside of
the power dependent control limits of Figure 3.2-2, within 15 minutes
initiate corrective action to reduce the I1near heat rate to w1th1n the
11m1ts and e1ther~ t

a. . Restore the linear heat rate to wwth1n 1ts I1m1ts w1th1n one
hour, or ) ]

"b. Be in HOT STANDBY within the next 6 hours.

SURVEILLANCE REQUIREMENTS

4.2.1.1 The provisions of Specification 4.0.4 are not applicable. -

4.2.1.2 The' linear-heat rate shall be determined to be within its Timits.
by continuously mon1tor1ng the core power distribution with either the
excore detector monitoring system or wwth the incore detector non1tor1ng
system.’ .

4.2.1.3 Excore Detector Monitoring System - The excoreg detector moni-
tor1ng system may be used for monitoring the core power distribution by:

a. - Ver1fy1ng that the full length CEA's are withdrawn to and maintained at
or beyond the Long Term Steady State' Insertion L1m1t of Specification
S t3.1.3.6.

b. Verifying at least oﬁce per 31 days that the AXIAL SHAPE INDEX alarm
™ setpoints’are adjusted to within the Timits shown on Figure 3.2-2. .

- ¢. Verifying that the AXIAL: 'SHAPE INDEX is maintained within the a11owab1e
5 limits of Figure 3.2-2, where 100 percent of maximum allowable power -.

represents -the maximum THERMAL POWER allowed by the fo]]oW1ng express1on

ST. LUCIE - UNIT 1 | C3/4°2-1 . L "2-22-79
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POWER DISTRIBUTION LIMITS

SURVEILLANCE REQUIREMENTS (Continued)

MxN

where-

1. M is the maximum allowable THERMAL POHER leve} for the
existing Reactor Coolant Pump combination.

2. N is the maximum allowable fraction of RATED THE@MAL~

POUWER as determ1ned=by “the* F

curve shown in Figure 3.2-3a. °

4.2.1.4 Incore Detector Monitoring System - The incore detector moni-

toring system may be used for monitoring the core power distribution by
verifying that the incore detector Local Power Density alarms: :

a. ' Are adjusted to satisfy the requirements of the core pnwer
distribution map which shall be updated at least once per 31
days of accumulated operation in FNODE 1.

b. Have their alarm setpoint adjusted to less than or equal to
the Timits shown on Figure-3.2-1 when the following factors
are appropriately included in the setting of these alarms: .

1. Flux’ peak1ng.augmentat1on factors as shown in Figure

4.2-1,

2. A measurement~calculational uncertainty factor of 1.07
) (when in the load follow. operation mode, an uncerta1nty
factor of 1.10 applies),

3. An engineering uncertainty factor of 1.03,

>

4

4, A linear heat rate uncertainty factor of 1.01 due to axial
- fuel densification and thermal expansion, and

'5. A THERMAL POWER measurement uncertainty factor of 1.02.

ST. LUCIE - UNIT 1
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"ALLOWABLE PEAK LINEAR HEAT BATE, KW/FT

6L-22-2 -

ATOR)

(FUEL + CLAD + MODERAT

-

16.0

16.0
14.8

14.0

13.0

N
B h

UNACCEPTABLE OPERATION <

ACCEPTABLE OPERATION

BOL

EOL
“CYCLE LIFE - - ,
, Figura 3.2-1 Allowabla Poak Linear Heat Rate vs Burnup




5

M




-

1
r

|

» 33

!

1t

M
Tl
e

i}
i

|

1 ORI R R B AT T
&1 iR e B ] ayil i
RIR = L 21 m H
R 1 1 = il i
" »M.m 2 %m e CINEIRT Ton
Bied it i — = aind iR H s
re R ii Q. < it ] i
Bt ey b bt o fHiE i) i
ree) 1 [ it O . 148311t i3 H
B i VS B e 2 & i il
e 1 1 @ iy = i) S il
adis 5! HRKE 1] S = 3
=8 3 ©. innim|dnianis EEHE
=4 s 1 r] 2 ﬁ d 1
w HEEEG !
L — ".. H 2tz ¥
Z O
= i
- e R
£ e
O O:
< i
EEE
: Sl SIS i = G &2
== T =HF O O w
; oyt i) SH O o
sammd TS o R A 0
ace pe boade gy sedasa et
Het sagdoilt e bered g B
oot o bo fye + - et g Froyd 4 ¥ [3
» “’uﬂh I-CWA rud.“ ml ”hﬂ-ﬂ 4 Wr\lﬂ
e = =

-

it

Périphera] Axial Shape Index!

oI

i
ON OF

T
Sy hrtanes o

HET e
- 'V

OPERATION

REGI

UNACCEPTABLE

R AL PR

M ) T ;
=] Bt byl =>1:
> ove Tod geaa X anid
Sy = * N- w Smee bo sum— . Hh-l
il 3  anan | v oy Iya Ll
At dadads - i ?
$3 1
3 )
i

»
-

2-22-79

‘Allowable Power Level per Specification 4.2.1.3

~

«

. FIGURE 3.2-2
AXIAL SHAPE INDEX vs. Fraction of Maximum



34.7,1.0575

140

2
Teeejeem [isoagesar]iotaqieyLtier ot ¥ T =] P o ST T
jeg 4t i .luh-llll g & 4 1 dacoebatigsiii
i S et T S O PR T R S e e R R e S H
- Ty -pd e y
B e B s e rie] B ool Tie TP STt ST ST e
* + - sw A’— H
- [ —— ——y. cmemttms samad t4eb w0
IO PR i Ty s ..Z.. RO. rold o s TR e ot
el s —Ttso ) e
e S e iy T — T e 5] R
w——d R ] e sewabis emfbabid age (Ve )
= | T = R I e P T e T T n T o
- aun j oy * I —
s it 141||I-=-l i Rl R s
- = & Lo =
poot ol opeaale - As = S o o - RS pyons ity pgial
SSyeTITed syeer puede Semray prevy: & (oAt b —peii. s DD
B of ¥
fa s oma femsvf orom fou - 2 Mm-u..lqvllnlh: P bt e B SR TR E S i RS s S ige
P35 rred Pt iae ok ol {j—te BT et 0
L 71T423 L T e st O T e S R S5 Dhvea KREST2T NN EL P S ity
Seve oy eofonia priert =iT Tenasee] $35] 2issing i — ;
Jr= mt!.u«mx yordy Vo e f e rem e vt 2 YIseRIsas SEXTTs 41 o133 frmerd o ey O\
calabod mo)ontedete Jadrt. .ll!!..ﬂlnn | . 2 sqmedaasali T e
" Toralrens 1 Pesyeresitee SETE A R )
beree ¥ 6 st usope e o gy peed xﬂ ml.ﬂ mﬂn oo fsdad Mlun”
- 4 [Le oo T =0 —t
= R TS et Toonn La | ) == e pa e FY =it ey
54 3 T 21 ¥) misisn It S Y e
R B e ey & EE e e
e P T A e LT St e L et i et oot B et e ey
— — Y ohntt I (gl Syt ot
T T e Red . — Tt e ey M:nulﬂu! [o's)
seb et Lopng ity o o mnnitine S rmunpeipiniiin i
. EINEE[EEEE H R e e T e g S e B T G o R
yodle by ieels T (34 oA T Ve X 1220 vu.xx;ﬁ - wdd ] Tyl Theetd
- pogamd hoon fme. it § 4 gom d o b e g ntole o asiabetesfai - e fr o
e REre ettt e o B gyt R S
fosyy ope s i | wmd v d . ——— b po pofgade ey 2 gt o4
s insinals SRR e B et T—aTisl I TCT by By
el et —od b v
d P T I Ty st s s Jd=td 00 T
Y o~ ey
e L3t FY e w o plped SaT) faghe pyaaw foy ed e Il.rnwm m mgﬂnx-hﬂu ~ P
bod §3 fovod FGrl ooy o § -4 bt by 9.2 § 3oA-§o3 01 Py fa R o pEY e el <t
.
s f e e § 0§ - I bt o iy § mos p= = nrramn Cragfn =l [¢0)
. 31 side TR RIS 1 —._ ] N T H.ﬂ stoianhisiy
) = ettt - = T s
1= boed s Pabaxt
re boey =1t ) leteclommalapbefyars
o et T < a3 s} Rk
EEn o R o e R L > L EESLE S,
by o= - o B A o) po
4 - Aq o s < > elyap:fymecdvionfed s
Py Y EE) boTes oy s s Ts s o Pt X~ 192 sop e
. it + - I orore g B T Sl w2t PRSI i
¥ A -
tlmu el .ryn I - - g MMTH:-. 00 Iy nwll 1as ..)”AL ﬂ‘ujull.vu—
Sy pes T L - o o4 by y . 12 e bsyrs ot foy
- & e s — SR e R
' oy YT sty b e e 3 _ ol L by
B 1 ey e $ = paads ot :
" -..'MA wan ot 2 g 2 T b nnﬂu i v oyt e e 7 .u..nl.nbnn
' 1. (250 wo ot ey - < 41 ot 3 o-
- vel- vt o & debwn o] =l — Priuss et — ~4 tml-
ictr T ey int
—N - ot e ’<
143 Satos 211 = * THER o
. rr=r > e { e =4 - g [ Le]
bras =3 eesd T T ;s
f=t=i=r ¥
« Eir 1
1
- = =
Pt et =4 treestery BE R,
ey L FE Y S oes oo p e g RIS
realrebry et ;” ko == s b 1]
< < —— i
: e how s epebe; Sl o
I e Tl )
m.-lldn o - b e
» oo ey vy grea 3 IR
FHG 3erii=1 iy + teot s by
3 5y = = ~io o
2= . LOBSsly
< — 3 . b O\Iipmdsrmy
113 T = 3 0 o oo
. 3 -
EFEegEeciety s = OFEN oo
o
19532 - 3 it > s | e 22lirn d
. > tries berns B T3 o F133
=
e [aded oy fod et ¢4 sqe — -
] N EES ER ot pErs ey o ter T T
-4 & 3 ve W vty .- ML - &
et S E == 3\ Pz
fd ety + +ootsd Vo von]
-+ res
s Eiines
98 kpdark bo) >
ne b wd -
Fetyorsitiefe
iR et
= I.b. dasidve.
213335 eey 1T
1 smrie
S T R el
ad ¥ voy &
svay IDMJ nno. IA-MP
P Rl SR R
O
]._
m
.
.

4039%4 uoLjeIUBWENY .
) .

ST. LUCIE - UNIT 1 3/4 2-5 .

o

Distance from Bottom of Core, Inches'

Figure 4.2-1 Augmentation Factors vs. Distance from Bottom of Core

a
- m—




POWER DISTRIBUTION LIMITS

TOTAL PLANAR RADIAL PEAKING FACTOR - F:y

LIMITING CONDITION FOR OPERATION

T e T '
3.2.2 The calculated value of ny, defined as ny = ny(]+Tq), shall -be
Timited to < 1.627. /

APPLICABILITY. MODE 1*.

ACTION.

With E)

Xy _ L

a. Reduce THERMAL POMWER .to bring the combination of THERMAL POWER
and Fly to within the Timits of Figure 3:2-3a and withdraw the
full Tength CEAs to or beyond the Long Term Steady State
Insertion Limits of Specification 3.1.3.63 or ’

b. Be in HOT STANDBY.

> 1.627, within 6 hours either:

SURVEILLANCE REQUIREMENTS

4.2.2.1 The provisions of Specification 4.0.4 are not applicable.

4.2.2.2 FT shall be calculated by the expression FT F (1+Tq) when
in a non-load following mode and by the expression FTy =1. 03 F (1+T )

when in a load following mode and Fzy

shall be determ1ned to be w1thin its
l1imit at the following intervals: A

a. Prior to operation above 70 percent of RATED THERMAL PONER
after each fuel loading,

b. At least once per 31 days of accumulated operation in MODE 1, and

c. Within four hours if the AZIMUTHAL POWER TILT (Tq) is >0.d3.

*See Special Test Exception 3.10.2.

ST. LUCIE - UNIT 1 ' 3/4 2-6 : 2-22-79
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ALLOWABLE FRACTION OF RATED THERMAL POWER

09

1.1~

1.0

0.8

0.6

(1.627, 1.0)

UNACCEPTABLE OPERATION. REGION

"(1.703, 0.95)

ACCEPTABLE. OPERATION REGION

(1.757, 0,8675)

(1.790, 0.825)

1.62

1.64

)

1.66 1.68 1.70 1.72 1.74 1.76
AEASURED T
N . FXY, ‘
FIGURE 3.2-3a
ALLOWABLE CONMBINATIONS OF THERMAL POWER AND nyT
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ALLOWABLE FRACTION OF RATED THERMAL POWER

. ‘ .

11 F
(1.64, 1.0)
1.0 |
UNACCEPTABLE OPERATION REGION

(1.68; 0.9575)
0.9 - (1.688, 0.9)
0.8 |

) (1,759, 0.75)
0 ACCEPTABLE OPERATION REGION
7 : (1.789, 0.7)
0.6 1 I .t ) ] | | 1 -

1.62 " 1.64 1.66 1,68 1.70 1.72 174 176 1.78 1.80

MEASURED F,T
" FIGURE 3.2:3b
" ALLOWABLE COMBINATIONS OF THERMAL POWER AND F, T




POWER DISTRIBUTION LIMITS

TOTAL INTEGRATED RADIAL PEAKING FACTOR - FI

alR}

LIMITING CONDITION FOR OPERATION

3.2.3 The calculated va‘lue of FJ, defined as Fl = F (1+T ), shall be

limited to < 1.64. ' :;A :‘f
APPLICABILITY: HODE 1*. % oL
ACTION: ' '

W1Lh FT > 1.64 , wwthin 6 hours e1ther~ o L ‘

a. Reduce THERMAL POXER to bring the combination of THERHAL POYER :
.and FT to within the limits of Figure 3.2-3b and w1thdraw the | '
full length CEAs. to or beyond the Long Tern. Staady Suate -

Insertion Limits: of Specification 3. 1 3.65 or

+b. _ Be in at Teast HOT STAND3Y.

SURVEILLANCE REQUIPEMENTS

4.2.3.1 The provisions of Sﬁecification 4.0.4 are not applicabTe.'

4,2.3. 2 FT shall be calculated by the express1on FT

F, (1+T ) when in
a non- 1oad following mode and by the expression FT“l 02 F (1+T ) vhen in
a load following mode and FT shall be determined to be w1th1n 1ts limit at
the.following intervals:

a. Prior to operation above 70 percent of RATED THERMAL POWER
after each fuel ]oading, i

. b. At least once per 31 days of accumu]ated operat1on in MODE 1
and

c. Within four hours if the AZIMUTHAL TILT (Ty) is >0.03. - l

*See Special Test Exception 3.10.2.

ST. LUCIE ~ UNIT 1 | - 3/4 2-9 o .-2-22479
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POWER DISTRIBUTION LIMITS
AZIMUTHAL POWER TILT =~ Tq

. LIMITING CONDITION FOR OPERATION

3.2.4 The AZIMUTHAL POWER TILT (T,) shall not exceed 0.03. o |
APPLICABILITY: MODE 1*

ACTION:

a. Hith the indicated AZIMUTHAL POWER TILT determined to be .
> 0.030 but < 0.10, either correct the power tilt within two l
hours or determine within the next 2 hours and at least once
per subsequent 8 hours, that the TOTAL PLANAR RADIAL PEAKING

FACTOR (F y) and the TOTAL INTEGRATED RADIAL PEAKING FACTCR
(F ) are within the Timits of Specifications 3.2.2 and 3.2.3.

b. H1th the indicated AZIMUTHAL POWER TILT determined to be > 0.10, ,
operation may proceed for up to 2 hours provided that the TOTAL -
INTEGRATED RADIAL PEAKING FACTOR (F ) and TOTAL PLANAR RADIAL
PEAKING FACTOR (F ) are within the limits of Specifications

3.2.2 and 3.2.3. Subsequent operation for the purpose of
measurement and to identify the cause of the tilt is allaowable .
provided the THERMAL POWER level is restricted to < 20% of

the maximum allowable THERMAL POWER level for the existing
Reactor Coolant Pump combination.

SURVEILLANCE REQUIREMENT

4.2.4.1 The provisions of Specification 4.0. 4‘are not applicable.

4.2.4.2 The AZIHUTHAL POWER TILT shall be determlned to be w1th1n the
Timit by:

a. Calculating the tilt at least once per 7 days when the
Subchannel Deviation Alarm is OPERABLE,

"See Special Test Exception 3.10.2.

ST. LUCIE - UNIT 1 3/4 2-1 . 2-22-79
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PERIPHERAL AXIAL SHAPE INDEX (V)
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2.2 LIMITING SAFETY SYSTEM SETTINGS

BASES

Reactor Coolant Flow-Low (Conéinued)

reactor coolant pumps are taken out of service. The Tlow-flow trip
setpoints and Allowable Values for the various reactor coolant pump

.| .combinations have been derived in consideration of instrument errors’ and

vesponse times of equipment involved to maintain the DNBR above 1.30

under normal operation and expected transients. For reactor operation
with only two or three reactor ccolant pumps operating, the Reactor .
Coolant Flow-Low trip setpoints, the Power Level-High trip setpoints,

and the Thermal Margin/Low Pressure trip setpoints are automatically
changed when the pump condition selector switch is manually set to the |
desired two- or three-pump position. Changing these trip setpoints -
during two and three pump operation prevents the minimum value of DNBR
from going below 1.30 during normal operational transients and anticipated
transients when only two or three reactor coolant pumps are operating.

.Pressurizer Pressure-High

_ The Pressurizer Pressure-High trip, backed up by the pressurizer code
safety valves and main steam line safety valves, provides reactor coolant
system protection against overpressurization in the event of loss of load
without reactor trip. This trip's setpoint is 100 psi below the nominal.
1ift setting (2500 psia) of the pressurizer code safety valves and its .
concurrent operation with the power-operated relief valves avoids th
undesirable operation of the pressurizer code safety valves. -

Containment Pressure-Highh

The Containment Pressure-High trip provides assurance that a reactor :

trip in initiated concurrently with a safety injection.

Steam Generator Pressure-Low

The Steam Generator Pressure-Low trip provides protection against an
excessive rate of heat extraction from the steam generators and sub-
sequent cooldown of the reactor coolant. The setting of i500 psia is
sufficiently below the full-load operating point of 800 psig so as not

ST. LUCIE - UNIT 1 - . .. B 2-5 . . 2=22-79



L.



P

REACTIVITIY CONTROL SYSTEMS

" || BASES

3/4.1.3 MOVABLE CONTROL ASSEMBLIES (Continued)

protective system would not detect the degradation in radial peaking
factors and since variations in other system parameters (e.g., pressure
and coolant temperature) may not be sufficient to cause trips, it is
possible that the reactor could be operating with process variables less
conservative than those assumed in generating LCO and LSSS setpoints.
Therefore,  the ACTION statement associated with the large misalignment of
a CEA.requires a prompt and significant reduction in THERMAL POYER prior
to attempting realignment of the misaligned CEA. :

The ACTION statements applicable to misaligned or inoperable CEAs
include requirements to align the OPERABLE CEAs in a given group with the
inoperable CEA. Conformance with these alignment requirements bring the
core, within a short period of time, to a configuration consistent with
that assumed in generating LCO and LSSS setpoints. However, extended
operation with CEAs significantly inserted in the core may lead to
perturbations in 1) local burnup, 2) peaking factors ana 3) available
shutdown margin which are more adverse than the conditions assumed to
exist in the safety analyses and LCO and LSSS setpoints determination.
Therefore, time 1imits have been imposed on operation with inoperable
CEAs to preclude such adverse conditions from developing. . '

Operability of the CEA position indicators (Specification 3.1.3.3)°
is required to determine CEA positions and thereby ensure compliance with
the CEA alignment and insertion limits and ensures proper operation of
the rod block circuit. - The CEA "Full In" and "Full Out" limits provide
an additional independent means for determining the CEA positions when
the CEAs are at either their fully inserted or fully withdrawn positions.
Therefore, the ACTION statements appiicable to inoperable CEA position
indicators permit continued operations when the positions of CEAs with
inoperable position indicators can be verified by the "Full In" or "Full

Qut" Timits. :

CEA positions and OPERABILITY of the CEA position indicators are
required to be verified on a nominal basis of cnce per 12 hours with niore
frequent verifications required if an automatic monitoring channel is
inoperable. These verification frequencies are adequate for assuring

that the applicable LCO's are satisfied.

The maximum CEA drop time permitted by Specification 3.1.3.4 is
the assumed CEA drop time of 3.1 seconds used in the safety analyses.

Measurement with T > 515°F and with 211 reactor coolant pumps operating ’

ensures that the maidured drop times will be representative of insertisn .
times experienced during a reactor trip at operating conditions.
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3/4.2 POWER DISTRIBUTION LIMITS

BASES

3/4.2.1. LINEAR HEAT RATE

The 1imitation on linear heat rate ensures that in the event of a -, -
LOCA, the peak temperature of the fuel cladding will not exceed 2200°F.

Either of the two core power distribution monitoring systems, the
Excore Detector Monitoring System and the Incore Detector Monitoring
System, provide adequate monitoring of the core power distribution and
are.capahle of verifying that the linear heat rate does not exceed its
1imits. The Excore Detector Monitoring System performs. this function by
continuously monitoring the AXIAL SHAPE INDEX with the OPERABLE quadrant
syrmetric excore neutron flux detectors and verifying that the AXIAL
SHAPE INDEX is maintained within the allowable.limits of Figure 3.2-2.
In conjunction with the use of the excore monitoring system and inm -
establishing the AXIAL SHAPE INDEX limits, the .following assumptions are
made: '1) the CEA insertion limits of Specifications 3.1.3.5and 3.1.3.6
are satisfied, 2) the flux peaking augméntation factors are as shown in
Figure 4.2-1, 3) the AZIMUTHAL POWER TILT restrictions of Spacification
3.2.4 are satisfied, and 4) the TOTAL PLANAR RADIAL REAKING FACTOR doss
not exceed the limits of Specification 3.2.2. -

Tha Incore Detectér Monitoring System contihUOUSly provides a
direct measure of the peaking factors and the alarms which have been
established for the individual incore detector segments ensure that the

peak linear heat' rates will be maintained within the allowable’limits of .

Figure 3.2-1. The setpoints for these alarms include allowances, set in

the conservative directions, for 1) flux peaking augmentation factors as

shown in Figure 4.2-1, 2) a measurement-calculational uycertainty factor o

1.07 for non-load following, 1.10 for load following, 3) an engineering
uncertainty factor of 1.03, 4) an allowance of 1.01 for axial fuel
densification and thermal expansion, and 5) a THERMAL POWER measurement

uncertainty factor of 1.02.

.

3/4.2.2, 3/4.2.3 and 3/4.2.4 TOTAL bLANAR AND INTEGRATED RADIAL PEAKING

FACTORS - FIY AND-F). AND AZTMUTHAL POWER TILT - Tg

The Timitations on FI and T_ are provided to ensure that the assump-

tions used in the analysiéyfor esfablishing the Linear Heat Rate and
Local Power Density - High LCOs and LSSS setpoints remain valid during

operation at theTvarious allowable CEA group insertion-limits. The
limitations on Fr and T_ are provided to- ensure that the assumptions

q
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CHAPTER 8 |

St..Lucie I - Cycle 3

Performance Results

Introduction and Summary

The ECCS performance evaluation for St. Lucie Unit I, Cycle 3, presentéd
herein demonstrates appropriate conformance with 10CFR50.46 'which presents

the Acceptance Criteria for Emergency Core Cooling Systems for Light-
Wlater-Cooled Reactors ]?. The evaluation demonstrates acceptable ECCS

‘performance for St. Lucie Unit I, during cycle 3, at a peak linear

heat generatipﬁ rate of 14.8 kw/ft. The method of analysis and results
are presented in the following sections.

Method of Analysis

The method of analysis consisted of a comparison of the pertinent fuel .
parameters for the limiting fuels in cycles 2 and 3. Although the '
comparison of the fuel parameters (Tables-1 |) shows that cycle 3

has the higher stored energy, there are additional qonsideratjons which

- establish that. the previous analysis is conservative, and, hence,

can also be applied to cycle 3.. The bases for concluding that the
ECCS performance for cycle 3 1is bounded by the cycle 2 analysis(]z)

are d1scussed in the results section below. As a result, the peak

c]ad temperature and local’ c]ad oxidation (STRIKIN—II)(G) calculations
perforned for cycle 2(]2) are also conservative for cycle 3. In
addition, the blowdown (CEFLASH-éA)(4), refill (COMPERC- II)(S), and
core wide oxidation (COMZIRC)(4’ sup. 1) analyses as used in

-eva1uating the cycle 2 -analysis remain valid for cycle 3. The com~

parison of the pertinent fuel parameters supporting this conclus1on
for cyc]e 3.1s presented below. :

Results

The cycle 3 core contains 21 Batch B low dénsity depleted fuel assembiies,
128 partially depleted Batch C and D high density fuel assemblies, and
68 undepleted Batch E high density fuel assemblies.



‘

68

Burnup dependent calculations were p;rforned for the high densxty fuel

assemblies with the FATES(7) and STRIKIN- II(G) codes. The resuvlts
demonstrate that the niost 1imiting fuel pin during cycle 3 i1s located
in one of the undepleted Batch E assemblies.

Table 8-1 compares the fuel specific parameters which correspond to the
1imiting fuels -in cycle 2 and cycle 3. :As shownlin the table, the
1imiting high density fuel in cycle 3 hq;'a stored energy_13°F hfgher_
than the:limiting fuel in the previohs cycle 2 analysist

Although the stored. energy for the limiting fuel. for cyc]e 3 is sl1ghtly
| h1gher than the 11m1t1ng fuel for cycle-2, the ECCS performance for .

cyc]e 3 remains bounded by the previous cycle for the following
reasons: ‘

1. TheucyCTe 2 analysis did not utilize the PARCH(1O) cobe‘to |
compute steam cooling heat transfer coefficients after the rod
rupture is predicted to occur. Since the peak clad temperature
is achieved during late reflood, use of the PARCH code will
signi?icantly reduce the peak temperatures calcujated in
the cyele 2 adalysis. Use of the PARCH methédo]ogy should reduce the
peak clad temperature by at Teast 100°F. ’

2. The radial power distribution . for use in the thermal rod-to-tod
radiation model is less limiting for cycle 3 than that used for the.

previous cycle. Use of the less limiting radiation enclosure for °
cycle 3 should reduce the‘pegﬁ clad temperature at’ least 50°F.

®
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The above defined rargins are far in excess of the 13°F increase in
fuel stored energy for the cycle 3 limiting fuel relative to the
previous cycle. It can, therefore, be concluded that the cycle 2
ana]ys1s is also appllcab]e to cycle 3.
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" Conclusion

The’comparison between the pertinent fuel-parameters and analysis
assumptions for the limiting fuels in cycles 2 and 3 demonstrates that the
cycle 2 ECCS performance analysis conservatively bounds the

performance for cycle 3. Therefore, the peak linear heat generation

rate of 14.8 kw/ft which was demonstrated to be acceptable for cycle 2

is also an acceptable limit for cycle 3 operation. Conformance of
this evaluation is the same as stated in References 11 and 12.

As presented in Reference 8, the small breaks are not limiting.

Computer Code Version Identification

Version 77036 of the STRIKIN-II code of Combustion Engineering's ECCS
Evaluation Model was used to perform the burnup dependent calculations in

.evaluating the fuel data.



Table 8-1

St. Lucie I Cycie 3 Core Parameters

: Quality

Average Lingar Heat Rate (102% of Nominal)
Gap Conductance at PLHGR ’

Fuel Centerline Temperaturé at PLHGR

Fuel Average Temperature at PiHGR

Hot Rod Gas'Pressure

Hot Rod Burnup (Minimum HGAP)

-

“

Cycle 2
Batch D

6.2126

- 1552

3484"
2184

1047.8 ° -

820

<
o
—
[f+)
(73]

"Batch E

6.0956
1525
3512

12197

1031
820

kw/ft

BTU/hr=Ft2=°

OF

_OF
.psia

“MUD/MTU

0L
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Specification 3.1.3.4.

TECHNICAL SPECIFICATIONS

In this section, changes are described that must be made to the Technical
Specifications in order to make them valid for operation of Cycle 3. A
summary description of the recommended change is presented for each page
that must be modified. The pages themselves, with mod1f1cat1ons included,
are shown in Attachment B.

Page 1-6

New Specification 1.30 adds a definition for LOAD FOLLOW QPERATION. The
definition has been added to accommodate an additional set of physics
uncertainties as requested by the NRC.

Page 2-4 .

Table 2.2-1 setpoint limits (Reactor Protective Instrumentation) are
revised for the "Containment Pressure - High" and "Steam Generator
Pressure - Low" trips in Table 2.2-1. Refer to FPL letter L-79-5 of
January 8, 1979 for additional information of the "Containment Pressure -
High" setpoint revision.

Page 2-7
Figure 2.2-2 is revised based on the Cycle 3 analysis.’

Page 3/4 1-26

A more conservative CEA drop time limit of 3.1 seconds is incorporated in

- - - —

Page 3/4 2-1

1

#

New Specification 4.2.1.3.a is added to require ver1f1cat30n of proper
full length CEA withdrawal.. The current Spec1f1cat1ons 4.2.1.3.a and
4.2.1.3.b are*renumbered 4. 2 1.3.b and 4.2.1: 3 C, respect1ve1y

Page 3/4 2-2

The wording on how to determine the factor "N" in Spec1f1cat1on 4.2.1.3
is revised.

The unceftainty factor in Specification 4.2.1.4.b.2 is revised to 1.07
for non-load-follow operation and 1.70 for load-follow operation.

Page 3/4 2-3

Figure 3.2-1 is revised to extend its applicability beyond Cycle 2.
Page 3/4 2-4

Figure 3.2-2 is revised based on the Cycle 3‘aha1ysj§.
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Page 3/4 2-5

Figure 4.2-1 is revised based on the Cycle 3:analysis.

Page 3/4 2-6

The total planar radial peaking factor limit of Specification 3.2.2 is
revised. The revised limit is consistent with Figure 3.2-3a, and is
consistent with the radial peaking factor inputs for the Cycle 3
analysis.

A separate equation, applicable to load-follow operation, is added to
Specification 4.2.2.2.

The allowable Azimuthal Power Tilt of Specification 4.2.2.2c is revised.

Page 3/4 2-8a

A separate Figure 3.2-3a is provided to show the allowable combinations
of thermal power and total planar radial peaking factor, based on the
Cycle 3 analysis.

Page 3/4 2-8b

A separate Figure 3.2-3b is prov1ded to show the a]]owab]e combinations
of thermal power and total 1ntegrated rad1a1 peak1ng factor, based on
the Cycle 3 analysis.

Page 3/4 2-9

The total integrated radial peaking factor Timit of Sbecification 3.2.3
is revised. The revised 1imit is consistent with Figure 3.2-3b, and

is consistent w1th the integrated peaking factor inputs for the Cycle 3
analysis.

A separate equation, applicable to load-follow operation, is added to
Specification 4.2.3.2.

The allowable Azimuthal Tilt of Specification 4.2.3.2.c is revised.

Page 3/4 2-11

The azimuthal power tilt Timit of Specification 3.2.4 is revised to
0.03.

Page 3/4 2-15

Figure 3.2-4 is revised based on the Cycle 3 .-analysis. S

Page B 2-5

The revised setpoint of 500 psia is included in the Bases section for
the Steam Generator Pressure - Low reactor trip.



Page B 3/4 1-4

) ‘ The revised CEA drop time Timit of 3.1 seconds is included in Bases
Section 3/4.1.3.

Page B 3/4 2-1

Bases section 3/4.2.1 is revised to include separate uncertainty factors
for load-follow and non-1oad-follow operation.






