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TV visual examinations of the two grid damaged assemblies identified
during the core offload. In addition, the assemblies which were adjacent
te the damaged assemblies during the previous core cycles were inspected.
During these examinations, it was confirmed that fuel assemblies Y39 and
2L35 had severe grid damage, and a third fuel assembly, 2147, also sched-
uled for relocad, was found tec have a gouge-like defect on a corner rod.
The cycle 10 core was redesigned to exclude these fuel assemblies from
reload. 2L35 and 2147 are Vantage 5 assemblies.

The Cycle 10 Core reload commenced on 10/29/93 and was completed on
11/2/93. Due to an error in the core reload procedure, fresh fuel
assembly 2M25 was mistakenly loaded into core location DS (vice assembly
2M26) . Since these fresh assemblies have the same enrichment, Manageme..t
opted to leave 2M25 in location D5 in order to avoid the risk of damaging
the assembly by moving it, and assembly 2M26 was loaded intc location M1l
(vice 2M25) .

The as-loaded, redesigned Cycle-10 core, control rod locations, locations
of burnable absorbers and source inserts, and the burnable absorber con-
figurations are shown in Figures 2.1 through 2.5.




|
\
|
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FIGURE 2.2: Control and Shutdown Rod Locations
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FIGURE 2.3: Burnable Absorber and Source Assembly Locations
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FIGURE 2.4:

Secondary Source Rod Configurations
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FIGURE 2.5: Burnable Absorber Configurations
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3.0 CONTROL ROD DROP TIME MEASUREMENT (FNP-2-8TP-112)

EURPQSE

The purpose of this procedure was to measure the drop time of all full
length control rods under hot full-flow conditions in the reactor coolant
system to ensure compliance with Technical Specification Requirements.

SUMMARY OF RESULTS

For the hot full-flow condition (Tavyg > 541 °F and all reactor coolant
pumps operating) Te.hnical Specification 3.1.3.4 requires that the drop
time from the fully withdrawn position shall be ¢ 2.7 seconds from the
beginning of stationary gripper coil voltage decay until dashpot entry.
All full length rod drop times were measured to be less than 2.7 seconds.
The longest drop time recorded was 1.55 seconds for rod B-6. The rod
drop time results for both dashpot entry and dashpot bottom are presented
in Figure 3.1. Mean drop times are summarized below:

TEST MEAN TIME TO MEAN TIME TO
CONDITIONS DASHPOT ENTRY = DASHPOT BOTTOM
Hot full-flow 1.363 sec. 1.829 sec.

To confirm normal rod mechanism operation prior to conducting the rod
drop test, the Verification of Rod Control System Operability (FNP-0-ETP-
3643) was performed. In this test, the stepping waveforms of the sta-
tionary, lift and movable gripper coils were examined for anomalies, rod
speed was measured, and the functioning of the Digital Rod Position
Indicator (DRPI) and bank overlap unit were checked. In addition, the
bank overlap unit switch settings and functions were verified to be
correct. No abnormal indications were found during this test.



Figure 3.1:

Cycle 10 Drive Line "Drop Time" Tabulation

R P N M L K J H G F E D C B A
ER
l l 1 I 1
1.417 1.367 1.400
1.867 1833 1.850 2
1.350 1.367
1.833 1.850 3
1.367 1.333 1.367 1.350
1.850 1.833 1.833 1.817 4
1.333 1.367
1.800 1.850 e
1.417 1.333 1.433 1.317 1.317 1.333 1.550
1.900 1.783 1.883 1,833 1.800 1.783 ROIT [T 6
1.350 1.283 1.317 1.367
1817 750 1.783 1.850 y |
350 1.300 1.350 1.417
|.833 1.767 1.800 1.833 8
1.350 1.317 1.383 1.350
1.800 1.817 1783 1800 9
1,383 1.350 1.317 1.350 1.317 1.333 1.417
1.867 1.817 1.767 1.817 1.800 1.R0O 185 | ™ 10
1.350 1 350
1.817 1.817 — 41
1.350 1.350 1.350 1.350
1.800 1.833 1.833 1.800 13
1.350 1.350
1.817 1.800 13
+ North 1.500 1.383 1417
1.950 1.867 1.883 14
15
X XX |+ Breaker "opening” to dashpot entry (seconds)
X. XX |+ Breaker "opening” to dashpot bottom (seconds)
TEMPERATURE 546,98 PRESSURE ____2272.54 % FLOW _____ 100
DATE 21:-27-93




5 4.0 INITIAL CRITICALITY (FNP-0-ETP-3601)
PURPQSE

The purpose of this procedure was to achieve initial criticality under
carefully controlled conditions, establish the upper flux limit for the
conduct of zero power physics tests, and operationally verify the cali-
bration of the reactivity computer,

z SUMMARY OF RESULTC
Initial reactor criticality for Cycle 10 was achieved during dilution

! mixing at 2251 hours on November 29, 1993. The reactor was allowed to
| stabilize at the following conditions:

RC8 Pressure 2236 .8 psig
RCS Temperature 547.0 °F
Intermediate Range Power 1.2 x 10* Amp
RCS Boron Concentration 1628.5 ppm
Bank D Position 206 steps

Once criticality was achieved, the point of adding nuclear heat was
determined in order to define the flux range for physics testing, and the
reactivity computer calibration was verified by making positive and
negative reactivity changes and comparing the reactivity indicated by the
reactivity computer with values determined from the Inhour Eguation.

5.0 ALL-RODS-0OUT ISOTHERMAL TEMPERATURE COEFFICIENT AND BORON ENDPOINT
(FNP-0-ETP-3601)

PURPOSE

The objectives of these measurements were to determine the hot, zero
power isothermal and moderator temperature coefficients for the all-

rods-out (ARO) configuration and to measure the ARO boron endpoint
concentration,

SUMMARY OF RESULTS

The ARO, hot zero power temperature coefficients and the ARO boron
endpoint concentration are tabulated below:

Boron Measured ITC Design Acc. Calculated
Rod Cone. ITC Criterion MTC
Configuration _ppm_ pem/°F -pem/°F —pem/°F
All Rods Out 1643.5 +0.345 +0.38 & 2 +2.30"

-

MTC result was normalized to all rods out (ARO) and to the ARO critical
boron concentration (1643 ppm).

where :

ITC = Isothermal Temperature Coefficient, includes -1.92 pen/'F Doppler
coefficient,

MTC = Moderator Temperature Coefficient, corrected to the ARO condition.
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NOTE: The ohjective of the MTC determination is to verify that the most
positive MTC that occurs during the cycle at power levels below 70% does
not exceed the Technical Specification limit of +7 pem/°F. In the Cycle
10 design, it was determined that the MTC would reach its maximum value

i BOL, at which time it would exceed the measured BOL value by
0.4 pcm/°F. Thus, at powers less than 70%:

Cycle 10 maximum MTC = (2.3 pem/°F 4+ 0.4 pom/°F) = 32.7 pem/°F

ARO, HZP BORON ENDPOINT CONCENTRATION
Rod Configuration Measured C, (ppm) Design-predicted C. (ppm)
All Rods OQut 1646.8 1643 + 50
Since the maximum Cycle 10 MTC (+2.7 pem/°F) was less positive than the
Technical Specification limit of +7.0 pem/°F, no rod withdrawal limits

were required. The design review criterion for the ARO boron concentra-
tion was also satisfied.

6.0 CONTROL AND SHUTDOWN BANK WORTH MEASUREMENTS (FNP-0-ETP-3601)

RURPOSE

The objective of the bank worth measurements was to determine the
integral reactivity worth of each control and shutdown bank for
comparison with the values predicted by design.

SUMMARY OF RESULTS

The rod worth measurements were performed using the bank interchange
method in which: (1) the worth of the bank having the highest design
worth (designated as the "Reference Bank") is carefully measured using
the standard dilution method; then (2) the worths of the remaining con-
trol and shutdown banks are derived from the change in the reference bank
reactivity needed to offset full insertion of the bank being measured.
For Cycle 10, contreol bank B was the reference bank. The measured bank
worths satisfied the review criteria both for the banks measured indi-
vidually and for the total worth of all banks combined.

Control or Predicted Bank
Shutdown Worth & Review Measured Bank Percent
Bank Criteria (pem) — Worth (pcm)  DRifference
A 384 ¢ 100 383,99 ~-0.003
B (Ref.)’ 1191 & 119 1162.50 -2.39
(< 855 & 128 827.78 -1 18
D 999 ¢ 150 995,21 -0,.38
8D - A 974 + 146 949.09 ~2.56
8D - B 1008 4 151 976 .38 -3.14
All Banks 5411 # S541.1 5294.95 -2.14

' The reference bank worth was measured by the dilution method.
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POWER ASCENSION ACTIVITIES

Upon completion of HZP physics tests, the following activities were
performed during power ascension, or at full power:

: O Incore movable detector system alignment.

a5 Measurement of NIS intermediate range (IR) channel currents in
order to determine IR high flux trip and rod stop setpoints.

3. Incore-excore AFD channel recalibration.

4, Core hot channel factor surveillance.

5. Reactor coolant system flow measurement,

6. Generation of rescaling data for the OPAT and OTAT protection
loops based on the 100% loop ATs measured during the RCS flow
test,

At approximately 10% - 30% power, the determinat. of the incore system
core limit settings (FNP-2-ETP-3606) was performed. The purpose of this
procedure is to align the system so that the movable detectors stop at
the correct core heights during flux mapping.

In order to invoke Technical Specification 3,10.3 test exceptions for HZP
physics tests, preliminary intermediate and power range trip setpoints
of less than or equal to 25% power were used for initial reactor startup
and physica tontin?. Since NIS intermediate range detector N36 was re-
placed, the preliminary N36 channel trip setpoint and rod stop currents
were get to B0Y of the previous, Cycle 9 currents for this channel.

Following the completion of physics tests, the NIS power range high range
high flux trip setpoint was increased to 80% to allow power escalation
above 25%. (The 80% setpoint, vice 109%, was administratively imposed
to address the possibility that the power range channels initially could
be indicating nonconservatively.) A power ascension limitation of 30.31%
(derived from the projected Cycle 9 - 10 change in core neutron leakage)
was recommended prior to the first thermal power measurement to prevent
inadvertently exceeding 35% power prior to channel calibration. Interme-
diate Range detector currents measured at 29.5% power were used to gen-
erate rod stop and high flux trip setpoints for Intermediate Range NIS
Channels N35 and Ni6.

After ramping the reactor to 48% power, the Incore-excore test (described
in par. 8.0) was performed and the power range N41-N44 delta flux chan-
nels were recalibrated. Following delta flux channel calibration, the
power range NIS high flux trip setpoint was increased from 80% to 109%,
and a full-core flux map was performed at equilibrium xenon conditions
at 48% power for core hot channel factor surveillance (FNP-2-8TP-110).

At approximately 99% power, the RCS flow test (described in par. 9.0) was
performed and the 100% power loop ATs were determined. Since greater
than a 1% difference existed between the new values and the ATs to which
AT protection loops -1 and -3 were scaled, new OPAT and OTAT scaling data
was given to I&C for recalibration of these channels,

As described in Table 7.1, core hot channel surveillance was initially
performed under non-equilibrium conditions using the incore-excore base
case full core flux map taken at 48% power, and then under equilibrium
conditions using full-core flux maps performed at 48% and 99% power, As
shown in Table 7.1, all results were satisfactory.
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TABLE 7.1
SUMMARY OF POWER ASCENSION FULL CORE FLUX MAP DATA

Parameter Fuel Type Map 246 Map 252 Map 253
Avg. % power N/A 47.4% 48.7% 99.6%
Max power tilt' N/A 1,0143 1.0148 1.0141
Avg. core ¥ A.Q, N/A +4.177 +0,762 +0.552
Max FAH Lopar 1.13% 1.1344 1.1453
Vantage 5 1.5904 3.5750 1.58532
FAH Limit Lopar 1.791 1.789 1883
Vantage 5 1.907 1.904 1.651
Limiting FQ(2)"* Lopar 1.5323 1.5287 1.4227
Vantage § 2.0970 2.0859 1.9474
FQ Limit Lopar 4.5571 4,5985 2.3062
Vantage 5 4.8125 4.8453 2.4574
Flux map N/A Non-equilibrium Bquilibrium Bquilibrium
conditions

Calculated power tilts based on assembly FDHN from all assemblies.

LR

Based on percent to FQ limit.

Fuel types referenced above are Lopar (low parasitic fuel, 42 assemblies) and
Vantage 5 fuel (115 assemblies) .

8.0 INCORE-EXCORE DETECTOR CALIBRATION (FNP-2-8TP-121)
RURPOSE

The objective of this procedure was to determine the relationship between
power range upper and lower excore detector currents and core axial off-
set for the purpose of calibrating the main control board and plant
computer axial flux difference (AFD) channels, and for calibrating the
delta flux penalty input to the overtemperature delta-T protection
system.

SUMMARY OF RESULTS

At an indicated power of approximately 48%, a full core base-case flux
map was performed at the AO (+4.177%) obtained immediately following
power ascension. Five additional (quarter-core) flux maps were performed
at various positive and negative axial offsets ranging from -30.754% to
+21.429% in order to develop equations relating detector current to
incore axial offset. Prior to ascending above 48% power, the power range
NIS channels were adjusted to incorporate the revised calibration data.

During the refueling outage preceding the cycle 10 startup, the original
analog power range channel detector current meters were replaced with
permanently installed digital meters on all channels (N41 - N44). The
digital meters enhanced the accuracy and precision of detector current
readings and reduced the error in the incore-excore test, As a result,
the excore quadrant power tilt ratio (QPTR) remained well within its
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limits during the ascension to full power and, at 99.6% power, the
maximum QPTR was only 1.0029, well within the required limit of 1,02,
The revised detector current vs AO eguations resulting from the Incore-
Excore recalibration are tabulated below:

TABLE 8.1

DETECTOR CURRENT VERSUS AXIAL OFFSET EQUATIONS
OBTAINED FROM INCORE-EXCORE CALIBRATION TEST

CHANNEL N4l
1-Top = 0.8026 * AO + 159.1434 uA
I-Bottom = -1.0551 * AO + 158.8756 uA
CHANNEL N42:
I-Top = 0.8079 * AO . 163.2901 uA
I-Bottom = <1.0928 * AO + 158.4032 uA
CHANMEL N43:
I-Top = 0.8270 * AO + 167.5974 uA
I-Bottom = <1.1082 * A0 i 165.0391 uA
CHANNEL Nd44.
I-Top = 0.9013 * AO . 176.7149 uA
1-Bottom = =1.2405 * AO - 176.0114 uA

9.0 REACTOR COOLANT SYSTEM FLOW MEASUREMENT (FNP-2-8TP-115.1)

PURPOSE

The purpose of this procedure was to measure the flow rate in each
reactor coolant loop in order to confirm that the total core flow met the
minimum flow requirement given in the Technical Specifications. In addi-
tion, the RCS loop 100% delta-T values measured during this test are used
to evaluate and, if necessary, to rescale the OPAT and OTAT protection
channels.

SUMMARY OF RESULTS

In order to comply with the Unit 2 Technical Specifications, the total
reactor coolant system flow rate measured at normal operating temperature
and pressure must equal or exceed 267,880 gpm for three loop operation.
From the average of 12 sets of measurements, the measured RCS loop flows
were:

Loop A = 94,375.9 gpm

Loop B = 89,702.0 gpm

Loop C = 92,206.6 gpm

These combine to give a total measured core flow of 276,284.5 gpm, which
satisfies the Technical Specification requirement,
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The measured loop ATs (normalized to 100.0% power) obtained during the
RC8 flow test were:

Loop A: 63,762 °F
Loop B: €67.675 °F
Loop C: 64.054 °F

Since more than a 1% difference existed between these values and the ATs
to which Loops -1 and -3 were scaled, scaling calculations were performed
and provided to I&C for recalibration of the OPAT and OTAT protection
channels.

15



