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Chapter 14
INITIAL TESTS AND OPERATION

This chapter describes the scope of tests and operations performed over the time period
when construction was sufficiently complete to operate and test individual components and
systems through the acceptance run at full power. This time period is divided into two categories:

1. Pre-operational testing: tests performed before the initial core loading.

2. Initial start-up testing: tests and operations from the initial core loading through the
acceptance tests.

The preoperational and start-up programs, as outlined in Tables 14.1-1 and 14.1-2, comply
with the intent of Regulatory Guide 1.68, Preoperational and Initial Start-up Test Programs for
Water-Cooled Power Reactors, dated November 1973, in most cases, and use the same wording as
much as possible in order to more clearly address the NRC guide requirements. Detailed
acceptance criteria were provided in each test procedure that was written to fulfill the testing
requirements. The detailed criteria of acceptability were based on various sources, such as
equipment technical manuals, system descriptions, plant drawings, manufacturer specifications,
and the North Anna Units 1 and 2 FSAR. The tests and their objectives are listed in Tables 14.1-1
and 14.1-2, which also provide a summary of each test. The acceptability of a test is contingent on
the successful attainment of the objectives stated in Tables 14.1-1 and 14.1-2.

Because of similarities and differences in the fuel and core characteristics between the two
units, certain tests performed for Unit 1 were not repeated for Unit 2, while specific tests were
performed for Unit 2 only. A discussion of the start-up physics program differences appears in
Section 14.1.3.

Administration of the Preoperational Test Program

The management and direction of the preoperational test program was under the direct
control of Vepco, with the principal responsibility lying with the Supervisor - Engineering
Services. In most cases written preoperational test procedures were prepared by the station
engineering staff under the direction of the Supervisor - Engineering Services. In those areas
where the station engineering staff was not knowledgeable, procedures were provided by the
architect-engineer or outside consultants, based on their expertise in the particular areas of
concern. Test procedure format generally included the purpose of the test, initial condition
requirements, precautions and limitations, instructions, and criteria for acceptability of data. Prior
to issuance of test procedures for use in the field, they were reviewed by the Joint Test Group and
approved by the Station Nuclear Safety and Operating Committee.

For those procedures provided by the architect-engineer or outside consultants, the
preoperational test procedure was used as a cover sheet to their procedure in order to ensure
review by the Joint Test Group and approval by the Station Nuclear Safety and Operating
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Committee. In some instances the preoperational test procedures were used to review and approve
test data from testing performed by equipment vendors off the site (e.g., vendor certifications).

In most instances the conduct and direction of the preoperational tests were the direct
responsibility of the Vepco test engineers designated by the technical supervision at the station. In
some instances architect-engineer personnel or outside consultants were responsible for the
conduct of tests under the direction of Vepco by means of written administrative controls.
Changes to approved test procedures were documented and became part of the final test results.
Administrative controls for making changes to procedures prepared by the station engineering
staff were provided in the Nuclear Power Station Quality Assurance Manual. Administrative
procedures for making changes to procedures provided by the architect-engineer or outside
consultants were formulated by the architect-engineer and approved by Vepco.

For preoperational testing, the Supervisor - Engineering Services and the Joint Test Group
reviewed and analyzed the test results. Assistance from the Vepco system office, the nuclear steam
supply system vendor, and the architect-engineer was solicited as deemed necessary. The test
results and evaluations were reviewed by the Station Nuclear Safety and Operating Committee
and approved if they were satisfactory. In instances where performance of components or systems
deviated from predicted results, further engineering evaluations were made to resolve the
discrepancies before the test was considered satisfactory. Systems that had to be modified as a
result of the preoperational tests were then retested to verify acceptable performance.

The completed test procedures, along with data and conclusions, were documented and filed
as part of the permanent plant records.

Minimum qualifications for the Vepco test engineers were as follows:

1. A bachelor’s degree in engineering or the physical sciences or the equivalent, and at least
1 year of applicable nuclear power plant experience, or:

2. A high school diploma or the equivalent, and at least 3 years of applicable nuclear power
plant experience. Credit for up to 2 years of nuclear experience may be given for related
technical training on a one-for-one time basis.

Additional information relative to the preoperational test program is provided in the Nuclear
Power Station Quality Assurance Manual, in Vepco station administrative procedures, and in the
architect-engineer’s administrative procedures.

Administration of the Start-Up Test Program

The management and direction of the start-up test program has been under the direct control
of Vepco, with principal responsibility lying with the Supervisor - Engineering Services. Written
start-up test procedures were prepared by the station reactor engineers under the direction of the
Supervisor - Engineering Services. Procedures from the Nuclear Steam Supply System Start-up
Manual and assistance from Westinghouse personnel were utilized in many cases. Prior to
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issuance of test procedures for use in the field, they were approved by the Station Nuclear Safety
and Operating Committee.

The conduct and direction of the start-up tests were the responsibility of the reactor
engineers designated by the Supervisor - Engineering Services. Changes to approved test
procedures were documented and became part of the final results. Administrative procedures for
making these changes, including the review and approvals, were formulated and utilized by
Vepco.

For start-up testing the reactor engineers and the Supervisor - Engineering Services
reviewed and analyzed the test results. The measurements and data analysis for start-up physics
tests were performed by the Vepco Fuel Resources Department. Assistance from the Vepco
system office, the nuclear steam supply system vendor, and the architect-engineer was solicited as
deemed necessary. Approval of test results was the responsibility of the Station Nuclear Safety
and Operating Committee. The completed test procedures, along with data and conclusions, were
documented and filed as part of the permanent plant records.

The minimum qualifications for the reactor engineers, in terms of educational background
and experience, are stated in Section 13.1. Minimum qualifications for the test engineers
responsible for the preparation and performance of start-up tests were as follows:

1. A bachelor’s degree in engineering or the physical sciences or the equivalent and 2 years of
applicable power plant experience, of which at least 1 year shall be applicable nuclear power
plant experience, or

2. A high school diploma or the equivalent and 5 years of applicable power plant experience, of
which at least 2 years shall be applicable nuclear power plant experience. Credit for up to
2 years of non-nuclear experience may be given for related technical training on a
one-for-one time basis.

Additional information relative to the start-up test program is provided in the Nuclear Power
Station Quality Assurance Manual and in station administrative procedures.
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The following information is HISTORICAL and is not intended or expected to be updated
for the life of the plant.

14.1 TEST PROGRAM
14.1.1 Pre-Operational Test Program

The pre-operational test program included tests, adjustments, calibrations, and system
operations necessary to ensure that initial fuel loading, initial criticality, and subsequent power
operation could be safely undertaken.

After installation of individual components and systems was completed, the installed
components and systems were tested and evaluated according to approved testing procedures or
check-off lists. Analyses of test results were made to verify that systems and components were
performing satisfactorily or, if not, to provide a basis for recommended corrective action.

Whenever possible, these tests were performed under the same conditions to be
experienced under subsequent station operations. During system tests for which unit
parameters were not available, the systems were operationally tested as far as possible without
these parameters. The remainder of the tests were performed under plant conditions when the
parameters were available. Abnormal unit conditions were simulated during testing as required
and when such conditions did not endanger personnel or equipment, or contaminate systems
whose cleanliness had been established.

In general, pre-operational testing was completed before core loading. As individual
systems were completed, pre-operational tests were performed to verify as nearly as possible
the performance of the system under actual operating conditions. Where required, simulated
signals or inputs were used to verify the full operating range of the system and to calibrate and
align the systems and instruments at these conditions. Later, systems that were used during
normal operation were verified under actual operating conditions. Systems that are not used
during normal plant operation, but should be in a state of readiness to perform safety functions,
were tested before plant start-up. Examples of these systems are the reactor trip system and
engineered safety features system logic, operation checks, and setpoint verifications.

Testing performed during the pre-operational test program is outlined in Table 14.1-1. A
typical sequence of performance for operational tests is shown in Figure 14.1-1. The actual
sequence of tests was formulated before the performance of the tests, considering equipment
and system availability. In some cases, it was necessary to complete certain pre-operational
tests after core loading. These included such tests as those performed on the complete rod
control system, rod position indication, and complete incore movable detector system. These
tests have been identified in Table 14.1-1.
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14.1.2 Initial Start-Up Test Program

Fuel loading was begun when all prerequisite system tests and operations were
satisfactorily completed. Upon completion of fuel loading, the reactor upper internals and
pressure vessel head were installed, and additional mechanical and electrical tests were
performed as discussed in pre-operational testing. The purpose of this phase of activities was to
prepare the system for nuclear operation and to establish that all design requirements necessary
for operation were achieved. The core-loading and postloading tests are described below.

14.1.2.1 Initial Fuel Loading

The reactor containment structure was completed and tested before initial fuel loading.
Fuel-handling tools and equipment were checked out and dry runs conducted in the use and
operation of equipment.

The reactor vessel and associated components were in a state of readiness to receive fuel.
Water level was maintained above the bottom of the nozzles.

The overall responsibility and direction for the initial core loading was exercised by the
Station Manager assisted by the Superintendent - Station Operation. The overall process of
initial core loading was, in general, directed from the operating floor of the containment
structure. Procedures for the control of personnel and the maintenance of containment security
were in effect during initial fuel loading.

The as-loaded core configuration was specified as part of the core design studies
conducted in advance of core loading. In the event mechanical damage to a fuel assembly
occurred during core-loading operations, an evaluation would have been performed and a
replacement assembly would have been procured if deemed necessary.

The core was assembled in the reactor vessel, containing reactor-grade water with
dissolved boric acid to maintain a calculated core effective multiplication factor of 0.95 or
lower. The refueling cavity was kept dry during the initial core loading. Core moderator
chemistry conditions (particularly, boron concentration) were prescribed in the core-loading
procedure document and were verified periodically by chemical analyses of moderator samples
taken before and during core-loading operations.
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Core-loading instrumentation consisted of two permanently installed source range
(pulse-type) nuclear channels and three temporary incore source range channels. The
permanent channels, when responding, were monitored in the main control room by licensed
station operators; the temporary channels were monitored by fuel-loading personnel. One
permanent channel was equipped with an audible count rate indicator. The neutron flux level
from both plant channels was displayed on a strip chart recorder. The temporary channels were
indicated on rate meters with one channel recorded on a strip chart recorder. Minimum count
rates of two counts per sec, attributable to core neutrons, were required on at least two of the
five available nuclear source channels at all times following installation of the initial nucleus of
eight fuel assemblies.

Fuel assemblies together with inserted components (control rod assemblies, burnable
poison inserts, source spider, or thimble plugging devices) were placed in the reactor vessel one
at a time according to a previously established and approved sequence developed to provide
reliable core monitoring with minimum possibility of core mechanical damage. The
core-loading procedure documents included detailed tabular check sheets that prescribed and
were used to verify the successive movements of each fuel assembly and its specified inserts
from its initial position in the storage racks to its final position in the core. Multiple checks
were made of component serial numbers and types at successive transfer points to guard against
possible inadvertent exchanges or substitutions of components, and fuel assembly status boards
were maintained throughout the core-loading operation.

An initial nucleus of eight fuel assemblies, the first of which contained an activated
neutron source, is the minimum source-fuel nucleus that permits subsequent meaningful
inverse count rate ratio monitoring. This initial nucleus has been determined by calculation and
previous experience to be markedly subcritical (kq¢ less than or equal to 0.90) under the
required conditions of loading.

Each subsequent fuel addition was accompanied by detailed neutron count rate
monitoring to determine that the just-loaded fuel assembly did not excessively increase the
count rate and that the extrapolated inverse count rate ratio was not decreasing for unexplained
reasons. The results of each loading step were evaluated before the next prescribed step was
started.

Criteria for safe loading require that loading operations stop immediately if:

1. An unanticipated increase in the neutron count rates by a factor of two occurs on all
responding nuclear channels during any single loading step after the initial nucleus of
eight fuel assemblies is loaded (excluding anticipated changes due to detector and/or
source movement).
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2. The neutron count rate on any individual nuclear channel increases by a factor of five
during any single loading step after the initial nucleus of eight fuel assemblies is loaded
(excluding anticipated changes due to detector and/or source movements).

An alarm in the containment and main control room is coupled to the source range
channels with a setpoint equal to or less than five times the baseline count rate. This alarm
automatically alerts the loading operation personnel of high count rate and requires an
immediate stop of all operations until the situation is evaluated.

Core-loading procedures specified the condition of fluid systems to prevent inadvertent
dilution of the reactor coolant, specified the movement of fuel to preclude the possibility of
mechanical damage, prescribed the conditions under which loading could proceed, identified
responsibility and authority, and provided for continuous and complete fuel and core
component accountability.

14.1.2.2 Initial Postloading Tests

Upon completion of core loading, the reactor upper internals and the pressure vessel head
were installed, and additional mechanical and electrical checks were performed before initial
criticality. The final pressure test was conducted after filling and venting were completed to
check the integrity of the vessel head installation.

Mechanical and electrical tests were performed on the control rod drive mechanisms.
These tests included a complete operational checkout of the mechanisms and calibration of the
individual rod position indication.

Tests were performed on the reactor trip circuits to test manual trip operation. The actual
control rod assembly drop times were measured for each control rod assembly. The reactor
control and protection system was checked with simulated signals to produce a trip signal for
the various conditions that require plant trip.

At all times when the control rod drive mechanisms were being tested, the boron
concentration in the coolant-moderator was maintained such that the reactor would remain
adequately shut down with all control rod assemblies fully withdrawn.

A complete functional electrical and mechanical check was made of the incore nuclear
flux mapping system, and reactor coolant system flow measurements were taken to relate
reactor coolant pump input power and elbow tap pressure differential to actual reactor coolant

loop flow.
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14.1.2.3 Initial Criticality and Low-Power Physics Tests

On completion of postloading tests, nuclear operation of the reactor was begun. This final
phase of start-up and testing included initial criticality, low-power testing, and power level
escalation. The purpose of these tests was to establish the operational characteristics of the unit
and core, to acquire data for the proper calibration of setpoints, and to ensure that operation was
within license requirements. A brief description of the testing is presented in this section.
Table 14.1-2 summarizes the major tests that were performed from initial core loading to rated
power. Figure 14.1-2 depicts a typical sequence for these tests; the actual sequence of tests was
formulated by station engineering and operating personnel, considering test requirements and
equipment availability.

Initial criticality was established by sequentially withdrawing the shutdown and control
banks of control rod assemblies from the core, leaving the last withdrawn control bank inserted
far enough in the core to provide effective control when criticality would later be achieved, and
then diluting the heavily borated reactor coolant until criticality was achieved.

Successive stages of control rod assembly bank withdrawal and of boron concentration
dilution were monitored by observing changes in neutron count rate as indicated by the normal
plant source range nuclear instrumentation as functions of bank position during rod motion and,
subsequently, of reactor coolant boron concentration and primary-water addition to the reactor
coolant system during dilution. Throughout this period, samples of the primary coolant were
obtained and analyzed for boron concentration.

Inverse count rate ratio monitoring was used as an indication of the proximity and rate of
approach to criticality of the core during control rod assembly bank withdrawal and during
reactor coolant boron dilution. The rate of dilution was reduced as the reactor approached the
boron concentration extrapolated for criticality to ensure that effective control was maintained
at all times. Written procedures specified the plant conditions, precautions, and specific
instructions for the approach to criticality.

After initial criticality, a prescribed program of reactor physics measurements was
undertaken to verify that the basic static and kinetic characteristics of the core were as expected
and that the values of the kinetic coefficients assumed in the safeguards analysis were indeed
conservative.

The measurements were made at low power and primarily at or near operating
temperature and pressure. The measurements included verification of calculated values of
control rod assembly bank reactivity worths, of isothermal temperature coefficient under
various core conditions, of differential boron concentration reactivity worth, and of critical
boron concentrations as functions of control rod assembly bank configuration. In addition,
measurements of the relative power distributions were made. Concurrent tests were conducted
on the instrumentation, including the source and intermediate range nuclear channels.
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Procedures were prepared to specify the sequence of tests and measurements conducted
and the conditions under which each was to be performed to ensure both safety of operation
and the validity and consistency of the results obtained. Had significant deviations from design
predictions existed, or had unacceptable behavior been revealed, or had apparent anomalies
developed, then testing would have been suspended and the situation reviewed to determine
whether a question of safety was involved before the resumption of testing.

14.1.2.4 Power Level Escalation

When the operating characteristics of the reactor and unit were verified by low-power
testing, a program of power level escalation in successive stages was used to bring the unit to its
full rated thermal power level. Both primary and secondary operational characteristics were
examined at each stage of the power escalation program.

Measurements were made to determine the relative power distribution in the core as
functions of power level and control assembly bank position.

Secondary system heat balances ensured that the indications of power level were
consistent and provided bases for calibration of the power range nuclear channels. The ability
of the reactor coolant system to respond effectively to signals from primary and secondary
instrumentation under a variety of conditions encountered in normal operations was verified.

At prescribed power levels the dynamic response characteristics of the reactor coolant
and steam systems were evaluated. The responses of the systems were measured for design step
load changes of 10%, rapid 50% load reduction, and 50% and 100% power plant trips.

Adequacy of radiation shielding was determined by gamma and neutron radiation surveys
at selected points inside the containment and the outside area immediately adjacent to the
containment at various power levels. Periodic sampling was performed to verify the chemical
and radiochemical analyses of the reactor coolant.

All precritical tests were completed and the results evaluated before initial criticality.
Prerequisites for performing a test were specified in the individual test procedure. The sequence
of testing was outlined in a start-up test sequence, such that required prerequisite testing was
completed before subsequent testing. Any special test instruments required were specified to be
installed, calibrated, and checked in the test procedure that specified the test equipment.
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14.1.3 Start-Up Physics Test Program Differences Between Unit 1 and Unit 2

After the initial start-up physics program for North Anna Unit 1 was completed, several
changes to the program were made before the initial start-up physics program for Unit 2.
Table 14.1-3 lists the physics tests that were performed as part of the Unit 2 start-up program.
These tests were chosen to:

1. Verify that the core was correctly loaded and that there were no anomalies present that
could cause problems later in the cycle.

2. Verify that the calculational model that had been used would correctly predict core
behavior during the cycle.

3. Verify the reactivity worth of the control rod banks.
4. Provide data for nuclear instrumentation calibration.
5. Demonstrate the sensitivity of this instrumentation to abnormal core conditions.

In addition, the chosen tests were selected to encompass the physics test goals listed in
the NRC Branch Technical Position DOR-1, Guidance for Reload Submittals, Draft - Spring,
1978. Table 14.1-4 lists those physics tests that were performed during the Unit 1 start-up, and
that were not repeated as part of the Unit 2 start-up program. The deletion of these tests was
justified for the following reasons:

1. The successful performance of the abbreviated program was sufficient to achieve the
physics testing program goals.

2. The calculational model was verified as a result of the Unit 1 start-up.

3. The fuel and core characteristics of Unit 2 are virtually identical to those of Unit 1, and the
results obtained for these tests during the Unit 1 start-up demonstrated that a large margin
exists between the measured parameter values and the design values used in the accident
analyses. Evidence of this is shown in Table 14.1-5.

When the modified test program for Unit 2 was proposed, several questions were raised
by the NRC relating to the modifications. The questions and Vepco’s responses are the subject
of Appendix 14A.

14.1.4 Special Low-Power Tests - Unit 2

This test program consisted of a series of natural circulation tests that demonstrated the
plant’s cooldown capability in several simulated degraded modes of operation at power levels
of up to 3% of rated thermal power.
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The objectives of the above tests and the methods used are described below.
1. Natural Circulation Test
Objective: To demonstrate the capability to remove decay heat by natural circulation.

Method: The reactor is at approximately 3% power and all reactor coolant pumps are
operating. All reactor coolant pumps are tripped simultaneously, with the establishment of
natural circulation indicated by the core exit thermocouples and the wide-range resistance
temperature detectors.

2. Natural Circulation With Simulated Loss of Offsite Power

Objective: To demonstrate that following a loss of offsite ac power, natural circulation can
be established and maintained while being powered from the emergency diesel generators.

Method: The reactor is at approximately 3% power and all reactor coolant pumps are
operating. All reactor coolant pumps are tripped and a station blackout is simulated.
Alternating current power is returned by the diesel generators and natural circulation is
verified.

3. Natural Circulation With Loss of Pressurizer Heaters

Objective: To demonstrate the ability to maintain natural circulation and saturation margin
with the loss of pressurizer heaters.

Method: Establish natural circulation as in Test 1, and turn off the pressurizer heaters at the
main control board. Monitor the system pressures to determine the saturation margin, the
depressurization rate, and the effects of charging/letdown flow and steam generator
pressure on the saturation margin.

4. Effect of Steam Generator Secondary-Side Isolation on Natural Circulation

Objective: To determine the effects of steam generator secondary-side isolation on natural
circulation.

Method: Establish natural circulation conditions as in Test 1 but at 1% power. Isolate the
feedwater and steam line for one steam generator and establish equilibrium. Return the
steam generator to service.

5. Natural Circulation at Reduced Pressure

Objective: To demonstrate the ability to maintain natural circulation at reduced pressure

and saturation margin. The accuracy of the saturation meter will also be verified.
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Method: The test method is the same as for Test 3, with the exception that the pressure
decrease can be accelerated with the use of auxiliary pressurizer sprays. The saturation
margin will be decreased to approximately 20°F.

14.1 REFERENCE DRAWINGS

The list of Station Drawings below is provided for information only. The referenced drawings
are not part of the UFSAR. This is not intended to be a complete listing of all Station Drawings

referenced from this section of the UFSAR. The contents of Station Drawings are controlled by

station procedure.

Drawing Number

Description

A o

™

10.
11.
12.
13.
14.
15.

11715-LSK-1-3A
11715-LSK-1-3B
11715-LSK-1-3C
11715-LSK-1-3D
11715-LSK-1-3E
11715-LSK-1-3F

11715-LSK-1-3G
11715-LSK-1-2A
11715-LSK-1-3H
11715-LSK-1-2B
11715-LSK-1-2C
11715-LSK-1-2D
11715-LSK-1-2E
11715-LSK-1-2F
11715-LSK-1-2G

Generator Breaker Closing

Logic Diagram:
Logic Diagram:
Logic Diagram:
Logic Diagram:

Logic Diagram:

Power Circuit Breaker Opening

“86” Protective Lockout Relays

Main Transformer Protection Relays, 86-TL
Generator Lockout Relays

Main Transformer Differential Lockout

Relays, 86-GL & 86-PWIA

Logic Diagram:
Logic Diagram:
Logic Diagram:
Logic Diagram:
Logic Diagram:
Logic Diagram:
Logic Diagram:
Logic Diagram:

Logic Diagram:

Main Transformer Coolers
External Turbine Trips, Sheet 1
Main Transformer Alarms
Turbine Trips, Sheet 2

Turbine Trips, Sheet 3

Turbine Trips, Sheet 4

Turbine Trips, Sheet 5

Turbine Trips, Sheet 6

Turbine Trips, Sheet 7
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