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FPL. L-93-196

10 CFR 50.36

U. S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D.C. 20555

Gentlemen:
Re: Turkey Point Unit 4

Docket No. 50-251 -
Startup Report

In accordance with Technical Specification 6.9.1.1, the enclosed
Startup Report is provided for Florida Power and Light Company Turkey
Point Unit 4. The Unit 4 Cycle XIV Startup Report documents the first
use of axial (natural uranium) blankets and:rsnag-resistant spacer
grids at the top and bottom of the fuel assemblies.

If you have any questions, please contact us.
Very truly yours,
2, .
/f//f//"’., (1A
T. F. Plunkett
Vice President
Turkey Point Nuclear
TFP/RJIT/xt
’Attachment

cc: S. D. Ebneter, Regional Administrator, Region II, USNRC
Senior Resident Inspector, USNRC, Turkey Point Nuclear
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ATTACHMENT

FLORIDA POWER & LIGHT COMPANY
TURKEY POINT NUCLEAR PLANT

UNIT 4 CYCLE XIV

STARTUP REPORT
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INTRODUCTION

This report contains the official summary of the Startup
Physics Tests performed on Turkey Point Unit 4 at the beginning of
Cycle XIV. The testing program was conducted in accordance with
Turkey Point Plant Procedures, and meets the. requirements of
ANSI/ANS 19.6.1, Revision 0 (12/13/85), "Startup Physics Taests for
Pressurized Water Reactors".

Withdrawal of Shutdown banks commenced May 23, '1992 at 0242
and initial criticality was achieved 6 hours and 24 minutes later.

WCAP-13682, "The Nuclear Design and Core Management of the
Turkey Point Unit 4 Nuclear Power Plant, Cycle 14", was the design
source for verifying that acceptance criteria as specified in
ANSI/ANS 19.6.1 were met. All tests performed for nuclear design
verification meet their acceptance criteria.

The contents of this report provide the documentation required
by Technical Specification 6.9.1.1.
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1.0 UNIT 4 CYCLE XIV CORE

1.1

1.3

Fuel Design Changes

Unit 4 Cycle 14 fuel is essentially the same as Cycle 13
fuel with the exception that Cycle 14 fuel includes axial
blankets and additional snag-resistant grids.

Axial blankets, previously used in Turkey Point Unit 3
Cycle 13 core design are new to Unit 4. Axial blankets
consist of a nominal 6 inches of natural UO, pellets at
the top and bottom of the fuel pellet stack. Axial
blankets are designed to reduce neutron leakage and
therefor improve uranium utilization.

Anti-snag mid-grids were included in the Unit 4 Cycle 13
design. The Unit 4 Cycle 14 design adds top and bottom
anti-snag grids to the fuel assembly design. This
addition will reduce: the possibility of assembly damage
during fuel handling.

I.oading Pattern

This section presents the as-loaded core configuration
(Figure 1, page 5).

Rod Pattern and Rod Drop Times

This section presents the Control and Shutdown Rod
pattern and the Rod Drop Times for all rods as measured
per Procedure 4-PMI-028.3, "RPI Hot Calibration, CRDM
Stepping Test, and Rod Drop Test" (Figure 2, page 6).
All rods. meet the drop time limit of 2.4 seconds as per
Technical Specification 3.1.3.4.
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FIGURE 1
TURKEY POINT UNIT 4 CYCLE 14
CORE LOADING
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. ) FIGURE 2
TURKEY POINT UNIT 4 CYCLE 14
RCCA BANK PATTERN AND DROP TIMES
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2.0

INITIAL CRITICALITY

2.1 INVERSE COUNT RATE RATIO (ICCR) vs DILUTION

The approach to criticality began May 23, 1993 at
approximately 0242 when the stepping of shutdown banks began
in accordance with Procedure 0-0SP-040.6, "Initial Criticality
After Refueling." Criticality was achieved approximately 6
hours and 24 minutes later on May 23, 1993 at 0906 by diluting
14,460 gallons of water with control bank D at 180 steps.
Figure 3 (page 8) is a plot of the ICRR during the approach to
criticality.

2.2 CRITICAL DATA

Upon attaining criticality, the flux level was increased to 1
x 10™® amps on the reactivity computer to obtain critical data,
as follows:

Tavg = 547.1°F

Control Bank D = 178 Steps

Reactor Coolant System (RCS) Boron = 1689 ppm
Picoammeter Flux = 1 x10°% 2

N35 Flux = 1.1 x 10% A

N36 Flux = 1.8 x 10% A
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3.0

SUMMARY OF TESTS

This section provides a summary of the results of the low
power physics tests for Unit 4, Cycle XIV along with the
Westinghouse design data. For each test, the acceptance
criteria is listed at the bottom of the table. This report’
compares design and measured data using Difference and Percent
Difference.

Difference = Predicted ~ Measured

For calculating Percent Difference, the equation is:

_ Predictedvalue _
%D1££=[ Meaguredvalue

1]x100

3.1 Nuclear Heating

The point of adding Nuclear Heat was determined in
accordance with Procedure 0-0SP-040.6, "Initial
Criticality After Refueling". This is performed by
establishing a small positive startup rate and measuring
the flux level at which T, departs from its established
steady state value. NucClear Heating was measured to
first occur at values presented on Table 3.1.1.

TABLE 3.1.1: FLUX LEVEL (AMPS)

Picoammeter N=35 . N=36
1.5 x 107 2.1 x 108 3.4 x 1078

All physics tests were conducted at or below 1 x 1077 amps
on the picoammeter connected to N-44 to assure Nuclear
Heating did not occur.
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3.2 Reactivity vs. Period
Reactivity Computer checkout was done in accordance with
Procedure . 0-0SP-040.6, "Initial Criticality After
Refueling." This 'checkout is performed by inserting
small positive and negative reactivities using rod
motion. The period of the flux change is used to
calculate the design reactivity. The measured reactivity
is taken directly from the reactivity computer. The
results of this test are given in Table 3.2.1.
TABIE 3.2.1: MEASURED REACTIVITY VS. DESIGN
MEASURED DESIGN
PERIOD REACTIVITY REACTIVITY
(SEC) (PCM) (PCM) ° % DIFF*
+151.2 +39.0 +38.8 +.5
-249.6 ‘ -33.0 -33.7 -2.1
+78.3 +65.0 +65.4 -.6
+129.1 +44.0 +44.2 -.5
*Acceptance Criteria is 4% for pdsitive period.
3.3 Boron Endpoints (ppm)

The Boron Endpoint measurement is a way of measuring the
steady state boron concentration of an under-rodded core
(positive period in effect) or an over-rodded core
(negative period in effect). In FPL’s testing program
the first case is an unrodded core and the second case is
a core with the reference bank at the bottom. The Boron
Endpoint is measured wusing Procedure 0-0SP-040.5,
"Nuclear Design Verification." 1In this methodology a
just-critical condition 1is established as near as
practical to the required rod configuration. The rods
are then moved into the desired configuration and back to
equilibrium. The RCS boron concentration which was
measured at equilibrium is then adjusted for the ppm
worth of the rods. The results of the two boron endpoint
measurements are given in Table 3.3.1.

TABLE 3.3.1: BORON ENDPOINTS (ppm)

MEASURED WESTINGHOUSE DIEEERENCE*
(ppm) (ppm) (ppm)
ARO 1698 1693 +5
SB-B 1552 1547 +5

*Acceptance Criteria is +/— 50 ppm.
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3.4l Rod Worth (ppm), Most Reactive Bank

Rod Worth was measured per Procedure 0-0SP-040.5,
"Nuclear Design Verification." The reference bank
(highest predicted worth) was £first inserted as the
controlling bank was withdrawn. Then a dilution was used
to adjust. the reference bank to approximately 30 steps
from the bottom. Finally a Boron Endpoint (see section
3.3) was performed. By graphing the rod worth, measured
by the reactivity computer, versus rod insertion a
differential rod worth curve is generated. By summing
the differential worth an integral rod worth curve is
generated and the bank worth determined. The total bank
worth is presented in Table 3.4.1. The Integral and
differential bank worth of the reference bank is
displayed in Figure 4 (page 12).

TABLE 3.4.1: ROD WORTH (pcm)

MEASURED WESTINGHOUSE $ DIFF*
(pcm) (pcm) (%)
SB-B 1173 1189 1.4

*Acceptance Criteria is less than 10%

3.5 Rod Worth (pcm), Remaining Banks

The remaining RCCA bank worth was measured per Procedure
0-0SP-040.5, "Nuclear Design Verification," using the rod
swap technique. This technique involves swapping the
negative reactivity of the bank being inserted with the
positive reactivity from the bank being withdrawn. Each
bank is sequentially swapped for the reference bank. The
worth of each bank can then be determined from the
integral zrod worth curve. The results of this
measurement are given in Table 3.5.1.

TABLE 3.5.1: ROD WORTH (pcm)

MEASURED WESTINGHOUSE % DIFF*

(pcm) (pcm) (%)
SB-A 1052.3 1098 4.3
CB-A 1085.6 1104 1.7
CB-B 435.3 484 11.2
CB-C 1093.0 1163 6.4
CB-D 635.9 664 4.4
TOTAL 5475.1 5702 4.1

NOTE: The total rod worth includes the reference bank.

* The acceptance criteria for rod worth measurements are:
Individual banks within +/- 15% or +/- 100 pcm of design,

whichever is greater and Total of all measured banks within
+/- 10% of design.
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3.6

Temperature Coefficient

The isothermal and moderator temperature coefficients
were determined using Procedure 0-0SP-040.5, "Nuclear
Design Verification." The isothermal temperature is
measured by varying the moderator temperature below the
point of adding nuclear heat. The reactivity change is
then simply divided by the temperature change to obtain
the isothermal temperature coefficient. The moderator
temperature coefficient is calculated from the isothermal
temperature coefficient by subtracting the doppler
coefficient. The values determined for this testing
sequence are presented on Tables 3.6.1 and 3.6.2 below:

TABLE 3.6.1: ISOTHERMAL TEMPERATURE COEFFICIENT (pcm/°F)

MEASURED WESTINGHOUSE DIFF*
(pcm/°F) (pcm/°F) (pcm/°F)

-1.44 -.43 1.01

*Acceptance Criteria is +/—- 2 pcm/°F of design.

TABLE 3.6.2: MODERATOR TEMPERATURE COEFFICIENT (pcm/°F)

MEASURED* WESTINGHOUSE
(pcm/°F) (pcm/°F)

.26 1.27

*Acceptance Criteria is < 5 pcm/°F.

HZP Differential Boron Worth

The Hot Zero Power (HZP) Differential Boron Worth was
measured using Procedure 0-0SP-040.5, "Nuclear Design
Verification." The worth of the reference bank is
divided by the boron change from ARO to the reference
bank fully inserted. The value obtained for this test is
presented on Table 3.7.1.

TABLE 3.7.1: HZP DIFFERENTIAL BORON WORTH (pcm/ppm)

MEASURED WESTINGHOUSE % DIFF*
(pcm/ppm) (pcm/ppm) (pcm/ppm)
8.56 8.32 2.8

*Acceptance Criteria < +/- 15%.
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4.0 STHUTDOWN MARGIN

The Shutdown Margin was calculated prior to power escalation
to vaerify adequate shutdown capability. For this calculation,
the total of the design rod worth (minus the most reactive
stuck rod) were reduced by 7%. The results show adequate
shutdown margin at Beginning of Life (BOL) and End of Life
(EOL). The following is a summary of the data used’:

TABLE 4.1: UNIT 4, CYCLE XIV SHUTDOWN DATA

BOL EOL

HZP Control Rod Worth Requirement (%a

All Rods Inserted Less
Most Reactive Stuck Rod 6.28 6.72

(1) Less 7% ~ 5.84 6.25

Hot Full Power (HFP) to HZP Reactivity Insertion (%a9)

Reactivity Defacts (Doppler, T,.,

Void, Redistribution) 1.72 2.71
Rod Insertion Allowance 0.56 0.50
(2) Total Requirements 2.22 3.21
Shutdown Margin (1) - (2) (%ap) 3.62 3.04
Required Shutdown Margin (%a) 1.00 1.77

*Sourcae: WCAP 13682

5.0 POWER DISTRIBUTION MAPS

The core was mapped using incore instrumentation for power
levels of 30%, 50% and 100%. A summary of the results are
presented on pages 15 through 17.
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FIGURE 5
SUMMARY OF 30X POWER FLUXHAP
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FIGURE 6 Page 16
SUMMARY OF 50X POWER FLUXMAP
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POMER TILT IN POWER TILT IN CORE AVERAGE
UPPER HALF OF CORE LOWER HALF OF CORE AXIAL OFFSET
("+> . (*'*) (.l’) . ("")

1.0010 . 0.9787 0.9978 . 0.9865 -0.272

e v o o * o o o

0.9920 1.0128
+,7) (CFL)

1.0028
+,-)

1.0284
(=)

TOP TEN NUCLEAR F-DELTA-H

274 E12LF FDHN=1.5074
287 D11JD FOHR=1.5016
307 B 96C FOHN=1.4814
273 E13K8 FOHN=1.4814
260 F13LC FOHN=1.4800
309 8 71C FOHN=1.4773
245 G14MI FOHN=1,4747
215 J14KG FOHN=1.4671
179 N11JL FDHN=1.4653
297 C1INC FDHN=1,4650

LIMITING 3 FQ ELEVATIONS ¢ TOP 15X, BOTTOM 15X, AND MIDDLE 70X OF THE CORE )

AXIAL FQ(2) MEAS. PERCENT  SOURCE

POINT LIMIT FfQ(Z) TO LIM. _NO. ID
27 4,5936 ° 2.0692 54.95 372 J14XX
‘52 4.6400 1.7941  61.33 384 J 2xX
10 4.3964 1.5974 63.66 431 E12XX
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FIGURE 7
SUMMARY OF 100X FLUXHAP
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1.059. 1.145. 0.966. 0.439.
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0.282. 0.274. 0.231.
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CORE AVERAGE
AXIAL OFFSET
3.144

KO. 1D

}.9780 12.42 372 J14XX

SOURCE

AND WIDDLE 70X OF THE CORE ")

FOHN=1.4495

FOHN=1.4444
16,27 379 J TXX

18.07 322 P XX

(+,%)
PERCENT

(+,%)
FDHN=1,4323

FOHN=1.5287
'FORN=1.5057
FORN=1.4437
FOHN=1.4391

1.0005 : 1.0046
FQ(z) TO LIN.
3%

1.9026

MEAS.

LOWER HALF OF CORE
0.9939 . 1.0010

("’)

POWER TILT IN

C-.*)
TOP TEN KUCLEAR F-DELTA-H
215 J14MG
165 P 7IN
307 B 9GC
227 J 2C6
257 G 2Cl
245 G14MlI
172 N 8ML
283.E 3CB
282 E 4DF
222 J TBC
FQ(Z)
LINIT

(+,+)

(+,?)
AXIAL
POINT

.
.
.

1.0128 . 1.0015

0.9843 . 1.0014

UPPER-HALF OF CORE
(=,*)

POWER TILT IN

(=)
{LIMITING 3 FQ ELEVATIONS ( TOP 15X, BOTTOM 15X,
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6.0 CRITICAT. BORON CONCENTRATION

The critical boron concentration was calculated by adjusting
a measured boron concentration to the equilibrium hot £full
.power, all rods out condition, as per Operating Procedure
1009.6, "Critical Boron Concentration-Full Power." For Unit
} 4, Cycle XIV, this calculation was performed at 600 Megawatt -
| days/metric-ton-uranium (MWD/MTU). The following is a summary
of the results.

TABLE 6.1: SUMMARY OF CRITICAL BORON CONCENTRATION (ppm)

MEASURED WESTINGHOUSE DIFF*
(ppm) (ppm) (ppm)
1170 1187 - 17

*Acceptance Criteria +/- 50 ppm.







