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(See Chapter

4 for a discussion on the metal impact monitoring system installed since the original test
program.)
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13.6 TESTS FOLLOWING REACTOR REFUELING
During the initial return to power following a refueling shutdown or following a cold
shutdown where fuel assemblies have been handled (inspection for example), a series of

tests are carried out on the new core. The objectives of these tests are:

1. To demonstrate that the core performance during reactor operation will not
exceed safety analysis and Technical Specification limits.

2. To verify the nuclear design calculations.
3. To provide the bases for the calibration of reactor instrumentation.

13.6.1 Reload Startup Physics Test Program

A typical reload startup physics test program may include, but is not limited to, the
following:

1. Precriticality tests

Calibration check of the incore thermocouples and reactor coolant resistance
temperature detectors.

2. Hot zero power and beginning of core life condition tests

a. Determination of the isothermal temperature coefficients and all rods out
condition and boron end points for the following conditions:
(1) All rods out of core.

b. Determination of the differential and integral rod worths for the following
banks of control rods:

(1) Control bank D.

(2) Control bank C with control bank D inserted.

(3) Control bank B with control banks C and D inserted.

(4) Control bank A with control banks B, C and D inserted.
_OR_

Determination of the integral rod worth for each individual Control and
Shutdown Bank.

c. Movable incore detector flux map performed at a power level less than or
equal to 30-percent.

3. Power ascension tests

Movable incore detector flux maps performed at various power levels.
Overpower AT and overtemperature AT setpoint determination.
Ex-core/incore instrumentation calibration.

Heat balance/thermal power measurements.

Reactor coolant flow measurements.

mDoo0oTo
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Core loading verification is carried out by monitoring the movement of each assembly
during actual core loading. The location of each assembly as it is loaded into the core is
verified using a detailed procedure prepared from the reload loading pattern. A final loading
verification can be carried out visually upon the completion of core loading to verify the as-
loaded core against the design loading pattern.

Cold, zero-power physics testing is not included for reload core heatup, initial criticality, and
power ascension. Since reactor operations in the initial cold condition are nonexistent, and
initial warmup can be accomplished without nuclear heat (pump heat only), no meaningful
information could be gained from such cold, zero-power testing.

Hot Testin
Hot, zero-power physics testing is used to verify that the reactor core can be safely

operated and that it meets its design objectives. Hot, zero-power physics testing is
accomplished with the reactor coolant system temperature and pressure at the no-load
conditions.

Initial Criticality
The core conditions are established at their no-load values with all rod cluster controls
inserted. A "1/M" plot is maintained during all periods of rod withdrawal and boron dilution.

Determination of Zero Power Flux Level

The ideal flux level for conduct of zero-power physics testing is one in which the flux level is
sufficiently high enough to give a high signal-to-noise ratio and at the same time sufficiently
low enough to avoid the reactivity feedback associated with nuclear heating.

All-Rods-Out Boron Concentration
Although this test applies to the all-rods-out condition, it may be employed to determine
endpoints of other control configurations.

Moderator Temperature Coefficient

The moderator temperature coefficient is determined from the measured all rods out
isothermal temperature coefficient to assure that Technical Specification requirements are
satisfied.

Differential Rod Worth

Differential rod worth is measured by incrementally moving the rods from one endpoint to
another and measuring the reactivity addition per increment of movement. The endpoints
used are generally the fully inserted and fully withdrawn core configuration for each control
bank. Normally, bank overlap is not used at this time. In order to keep the flux level within
the selected span for physics testing, boron is traded for rod position so that the overall
reactivity status core and the flux level remain

relatively constant.

Integral Rod Worth

The integral rod worth curves are developed by integrating the differential rod worth curve
as a function of rod height. An alternate measurement technique Dynamic Rod Worth
(DRWM), can also be used to measure the integral rod worth provided the technique,
evaluation criteria, and remedial actions identified in Attachment 4 of Reference 1 are
foIIowezd. The NRC documented their acceptance of this technique in a Safety Evaluation
Report”.
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Power Ascension
The power ascension program involves slow increase in power level up to 100-percent
power accompanied by testing to verify that the core is operating within the required limits.

In particular, movable detector flux traces are run at various power levels to ensure that the
fuel was properly loaded and that the power distribution is within design limits. Reactor
coolant system flow is determined to ensure that the total reactor coolant system flow
exceeds the required minimum rate.

For the low-power physics test to measure control rod worth and shutdown margin the
reactor may be critical with all but one control rod inserted [Historical Information].

13.6.2 Test Results

Test results are compared against nuclear design results; in all cases acceptance criteria are
in accordance with Technical Specification limits. If the cycle reload is such that it falls
within the conditions specified below for preparation and submittal of a startup physics test
report to the NRC, such a report summarizing the results of the startup tests is so prepared
and submitted.

Startup Report

A summary report of the plant startup and power escalation testing shall be submitted
following (1) amendments to the license involving a planned increase in power level, (2)
installation of fuel that has a different design or has been manufactured by a different fuel
supplier, and (3) modifications that may have significantly altered the nuclear, thermal, or
hydraulic performance of the plant. The report shall address each of the appropriate tests
identified in the UFSAR and shall include a description of the measured values of the
operating conditions or characteristics obtained during the test program and a comparison
of these values with design predictions and specifications. Any corrective actions that were
required to obtain satisfactory operation shall also be described.

Startup reports shall be submitted within (1) 90 days following completion of the startup
test program, (2) 90 days following resumption or commencement of commercial power
operation, or (3) 9 months following initial criticality, whichever is earliest. If the startup
report does not cover all three events (i.e., initial criticality, completion of startup test
program, and resumption or commencement of commercial power operation),
supplementary reports shall be submitted at least every three months until all three events
have been completed.

REFERENCES FOR 13.6

1. Letter from Nicholas J. Liparulo, Westinghouse to NRC, Document Control Desk,
October 10, 1995.

2. Letter from Robert C. Jones, NRC to Nicholas J. Liparulo, Westinghouse, dated
January 5, 1996.
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