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INTRODUCTION

L2e ]

The Joseph M. Farley Unit 2 Cycle B Startup Test Report addresses
the tests performed as required by plant procedures following core
refueling. The report provides a brief synopsis of each test and
gives & comparison of measured parameters with design predictions,
Technical Specifications, or values in the FSAR safety analysis.

Unit 2 of the Joseph M. Farley Nuclear Plant is a Three Loop
Westinghouse pressurized water reactor rated at 2652 MWth. The Unit
began commercial operations on July 30, 198l1. The Cycle B core
loading consists of 157 17 x 17 fuel assemblies and has a design
burnup capability of 15,900 MWD/MTU.

Cycle Completion Date and Average Burnup

Cycle Number Completion Date VE. { L
1 October 22, 1982 15,350.5
2 September 17, 1983 10,371.2
3 January 4, 1985 14,638.0
4 April 4, 1986 13,183,8
5 October 2, 1987 16,674.0
6 March 24, 1989 16,137.8
7 October 13, 1990 17,051.0

UNIT 2 CYCLE B CORE REFUELING

REFERENCES
1. Westinghouse Refueling Frocedure [P-APR-R7

2. Westinghouse WCAP 12704 (The Nuclear Design and Management of
the Joseph M. Farley Unit 2 Power Plant Cycle 8)

Unloading of the Cycle 7 core into the spent fuel pool commenced
on 10-24-90 and was completed on 10-26-90 with no major problems.
During the core unload, binocular and TV inspection disclosed that
fuel assembly U4]1, scheduled for reload in the Cycle~B core, had a
gouge-like defect on one rod. As & result, assembly U4]1 was rejected
for reload and the Cycle B core loading pattern was redesigned.

During Cycle-7 cperation, radiochemistry data indicated that one
or more fuel assemblies were leaking radioactivity into the reactor
coolant. Therefore, all fuel assemblies unloaded from the Cycle-7
core were subjected to ultrasonic leak testing. One leaking fue!l
assembly, 544, was identified. However, 844 was not scheduled for
reload, so the core design was not impacted. Following insert
changeout, the Cycle 8 core reload began on 11-13-90 and was completed
on 11-16-90.

The as-loaded Cycle B core is shown in Figures 2.1 through 2.4,
which give the location of each fuel assembly and insert, including
wet annular burnable absorber insert locations and configurations.
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BURNABLE ABSORBER AND SECONDARY SOURCE ROD CONFIGURATIONS

FIGURE 2.4
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8.0 CONTROL ROD DROP TIME MEASUREMENT (FNP-2-STP-112)
PURPOSE

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 insure compliance with Technicel Specification
Requirements.

SUMMARY OF RESULTS

For the hot full-flow condition (Tavg > 541 deg.F and all reactor
coolant pumps operating) Technical Specification 3.1.3.4 requires that
the drop time from the fully withdrawn position shall be < 2.2 seconds
from the beginning of sta:ionary gripper coil voltage decay until
dashpot entry. All full length rod drop times were measured to be
less than 2.2 seconds. The longest drop time recorded was 1.48
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
sumsarized below:

TEST MEAN T'ME TO MEAN TIME TO
CONDITIONS DASHPOT ENTRY DASHPOT BOTTOM
Hot full-flow 1.374 sec 1.8B29 sec

To confirm normal rod wechanism 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 stationary, lift and movable gripper coils were examined, rod
speed was measured, and the functioning of the Digital Rod Position
Indicator (DRPI) and bank overlap unit were checked.

As a part of the RCCA wear reduction program, the Cycle B control
rod fully-withdrawn position was changed from 228 steps to 23] steps
by increasing bank overlap from 100 steps to 103 steps. During the
Rod Control System Operability test, the bank overlap unit switch
settings and functions were verified correct for 103 steps of bank
overlap. In addition, the actual fully-withdrawn position of each
RCCA was measured using stationary gripper coil traces to provide data
for planning RCCA repositioning for future fuel cycles.

Initially, during the Rod Control System Operability test, none
of the Group-2 rods would move. Since half of the Group-2 rods are
driven by the 1AC power cabinet, and the other half by the 2BD power
cabinet, this suggested that a problem existed in both cabinets. Upon
investigation, one of the power fuses on top of the 2AC power cabinet
was discovered to be blown and was replaced. Although the specific
problem with the 2BD power cabinet was never identified, the csbinet
became operational following the removal and reinsertion of several
circuit cards during the course of troubleshooting. Thus, the problem
was attributed to a loose circuit card connection.

6
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Time Measurement, the same revers

trace that had been observed previ

Although no anomalies were observed

tra ! 0 12 during the KHod Operability Test, the
re-~examined and ! niirmed t be 1 ! It 18 ¢

the magnet) wolarity i the rod | irive sha wWas reversed
he reversed ith respe (O the remalr

time of rod D12 was no

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
alibration of the reactivity computer

Cy ! achieved during
January 9] The reactor was
WINnE

HCS Pressure
RCS Temperature
Intermediate Range Power ki ¢ 1078 Amp

RO ppm
Bank | t 101 i ) steps

the point of adding nuclear heat was
determinud and a checkout f the reactivity computer using positive
and negative flu eriods was performed In addition, NIS source and
overiap data were taken during the flux increase
to demonstrate that adequate overlap existed
Initial criticali for Cycle B was achieved with the flux in the
SOuUrce range as A ¢ t of withdrawing the source-range (S8R) dete«
tors to the maintenance position to reduce the SR count rate. During
previous cycles, the high SR count rate resulted in criticality being
achieved in the intermediate range. Testing performed prior to
criticality (FNP-0-ETP-3652) demonstrated that withdrawal of the SR
detectors reduced the count rate to one-third of the value with the
detertors in their normal, inserted position.

L-RCOS-OUT 1SOTHERMAL TEMPERATURE COEFFICIENT AND BORON ENDPOINT
FiP-2-8TP-3601

PURPOSE

The objectives of these measurements were to determine the hot ,
power i1sothermal and moderator temperature coefticients for the
ods-out AR configuration and to measure the ARO boron endpoint

oncentratior




ARO, hot zero power temperature coefficients and the AR
endpoint concentration are tabulated below As described
these data have been adjusted to co vt v 8&n error

TEMPERATURE

¢ Measured ITC Design ¢c. Calculated
Rod \ 1TC ( " MTC
Configuratior pem/© 1 O, m/Y |

Isothermal temperature coefficient, includes
vefficirent

il

nly temperature coefficient, normalized

BORON _ENDPOINT CONCENTRATION

Measured Ce (ppm) Design-predicted C¢ (ppm.

the measured MT 0.694 pom was well within the Technical
imit f +5.0 pem/°F, no rod withdrawal limits were
design acceptance criterion for the ARO boron concen

WAS satistied,

HUTDOWN BANK WORTH MEASUREMENT! FNP-2-ETP

The objective of the bank worth measurements was t~ determine the
integral reactivity worth of each control and shutdown bank for
omparison with the values predicted by design
SUMMARY OF RESULTS

The rod worth measurements were performed using the bank inter
change method in which 1) the worth of the bank having the highest
design worth (the "Reference Bank") is carefully measured us.ng the
standard dilution method: then (2) the worths of the remaining control
and shutdown banks are derived from the change in reference bank
reactivity needed to offset full insertion of the bank being measured.

The initial results of the reference bank measurement were
approximately 10% high. During the review and evaluation process,

error was discovered in the delayed neutron data provided in Ref.
Pa .

ion of the reactivity computer, In order to correct th




- error, Westinghouse indicated that all reactivity computer measure-

* ments (including the boron endpoint and isothermal temperature
coefficient measurements outlined in Par. 5.0) should be reduced by a
factor of 0.9055. The adjusted control and shutdown bank worths
(tabulated below) satisfied the review criteria both for the banks
measured individually and for the combined worth of all banks.

SUMMARY OF CONTROL AND SHUTDOWN BANK WORTH MEASURFMENTS

Control or Predicted Bank

Shutdown Worth & Peview Measured Bank Percent
Bank Criteria (pcm) Worth (pem) \fieience
A 335 + 100 326.84 -2.44

B (Ref.) 1168 + 117 1169.7% +0.158

C B4B + 127 849,65 +0.19

D 940 + 141 923.06 -1.,80

ShA 908 + 136 870.16 -4.17

SDB 1070 + 160 1085,17 +1.42

Combired 5269 + 526.9 5224.58 -0.84

tMeasured by dilution method

7.0 STARTUF AND POWER ASCENSION PROCEDURE (FNP-2-ETP-3605)

PURFPOSE

The purpose of this procedure was to provide controlling instructions

for:

1, NIS intermediate and power range setpoint changes, as required
prior to startup and during power ascension,

2. Ramp rate limitation and control rod movement recommendations.

()

Conduct of startup and power ascension testing, to include:

a. Hot zero power (HZP) physics tests (FNP-2-ETP-3601).

. Incore movable detector system alignment (FNP-2~ETP-3606).

¢.  Incore-excore AFD channel recalibration (FNF-2-8TP-121).

d. Core hot channel factor surveillance (FNP-2-8TP-110).

e. Reactor coolant system flow measurement (FNP-2-3TP-115.1).
su

In order to satisfy Technical Specification requirements for

invoking special HZP physics test exceptions, preliminary trip set-

points of less than or equal to 25% power were used for the NIS inter-
mediate and power range channels. In addition, the intermediate range

10



" channel setpoint currents were reduced to address the effects of SkR/IR
detector repositioning (described in Section 4.0) and projected
changes in core neutron leakage from the previous core cycle. When
physics tests were completed,the power range setpoint was increased to
B0% to allow power escalation above 25% for calorimetric recalibration
of the power range channels. (The BO% setpoint was administratively
imposed to address the possibility that the uncalibrated power range
channels could be indicating non-conservatively.) At approximately
34% power, the power range channels were recalibrated and setpoint
currents were determined for the intermediate range channels.
Following recalibration of the power range channels, the NIS PR
high-range trip setpoint was restored to 109%.

The Westinghouse fuel warranty limits the power ramp rate to 3%
of full power per hour between 208 and 100N power until full power has
been sustained for 72 cumulative hours out of any seven-day operating
period. This ramp rate was observed during the ascension to full
power .

The determination of incore movable detector system core limit
settings (FNP-2-ETP-3606) was accomplished during the ascension to 34%
power, This was followed by the incore-excore recalibration test
(FNP-2-STP~121) at 34% power and the reactor coolant flow measurement
(FNP-2-8TP-115.1) at 100% power, which are described in Sections B.0
and 9.0 of this report. As summarized in Table 7.1, core hot channel
factor surveillance was performed on the incore-excore full-core base
case flux map taken under non-equilibrium conditions at 34% power, and
on the full-core flux maps performed at equilibrium xenon at 33.6% and
100% power,

TABLE 7.1

SUMMARY OF POWER ASCENSION FLUX MAP DATA

Parameter Map 196 Map 202 Map 203
Avg. % power 34.0% 33.6% 100. 2%

Max FDH 1.5577 1.5873 1.4783

Max power tilt* 1.0007 1.06007 1.0005

Core avg. % A.O, 10.468 10.885 1.742
Limiting FQ(Z)** 2.1390 2.2195 1.8508

FQ Limit 4.5240 4.5240 2.3084
Xenon conditions Non- Equilibrium Equilibrium

Equilibrium

*Calculated power tilts based on assembly FDHN from all assemblies.

**The most limiting FQ(Z), based on margin to the FQ limit.

11



8.0 INCORE-EXCORE DETECTOR CALIBRATION (FNP-2-STP-121)
PURPOSE

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

SUMMARY OF RESULTS

At an indicated power of approximately 34%, a full-core base case
flux map and five quarter-core flux maps werc performed ot various
positive and negative axial offsets to develop equations relating
detector current to core axial offset. To reduce error, an effort was
made to perform all flux mape at the same reactor coolant system tem-
perature. The power range NIS channels were adjusted to incorporate
the revised calibration data.

Following the recalibration, escalation to full power proceeded
without incident. At 100% power, under equilibrium xenon conditions,
a full-core flux map was performed to correct the incore-excore
calibration for the effects of the rise in RCS average temperature as
power 1s increased. Table B.1 gives the final detector current vs
axial offset equations obtained following the calibration correction
at 100& power.

TABLE 8.1

DETECTOR CURRENT VERSUS AXIAL OFFSET EQUATIONS
OBTAIN FRROM INCORE-EXCORE CALIBRATION TEST

CHANNEL N41:
I-Top - 0.8136%A0 * 156.91 uA
I-Bottom = ~0.9486%A0 + 152.87 uA

1-Top =z 0.B266%A0 + 1567.63 uA

I-Bottom = ~=1.0001%A0 + 1562.59 uA
CHANNEL N43:

I-Top z 0.8258%A0 + 160.81 uA

I-Bottom = -1.0066%A0 + 155.46 uA
C N44 .

I-Top 0.9208%A0 + 173.93 uA

"o
!
P

1-Bottom .1521%A0 - 176.06 uA

12



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

PU E

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 Unit 2 Technical
Specifications.

SUMMARY OF RESULTS

To comply with the Unit 2 Technical Specification, the total
reactor coolant system flow rate measured at normal operating
temperature and pressure must equal or exceed 261,600 gpm for three
loop operation. From the average of twelve calorimetric heat balance
measurements, the total core flow was determined to be 279,780 gpm,
which meets above the criterion.

The RCS flow test data (which include direct RTD measurements of
RCS T-hot, T-cold and percent thermal power) were also used to deter-
mine delta-T for each RCS loop in orde: to evaluate the need to
rescale the delta-T protection and control systems. Based on the
results of this measurement, Loops 2 and 3 were rescaled.

13



