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INFORMATION NOTICE

This document NEDO-33310, Revision 0, contains no proprietary information.

IMPORTANT NOTICE REGARDING CONTENTS OF THIS REPORT

PLEASE READ CAREFULLY

The information contained in this document is furnished for the purpose of supporting the
Combined License Applications for, and licensing activities related to, GE ABWR projects in
proceedings before the U.S. Nuclear Regulatory Commission. The only undertakings of General
Electric Company with respect to information in this document are contained in the contracts
between General Electric Company and South Texas Project, and nothing contained in this
document will be construed as changing that contract. The use of this information by anyone for
any purpose other than that for which it is intended is not authorized; and with respect to any
unauthorized use, General Electric Company makes no representation or warranty, and assumes
no liability as to the completeness, accuracy, or usefulness of the information contained in this
document.
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1.0 Purpose and Scope

2.0 Purpose

The purpose of this document is to provide test requirements for the Startup Testing Phase of the
ABWR Initial Test Program. This specification establishes test objectives and acceptance
criteria, defines operational conditions at which the tests are to be conducted, provides testing
methodologies to be utilized, identifies specific data to be collected, and provides acceptable data
reduction techniques. This Licensing Topical Report (LTR) provides the ABWR Startup Test
Specification as required by the Combined Operating License (COL) License Information item
described in subsection 14.2.13.2 of the ABWR Design Control Document (Tier 2).

21 Scope

The Initial Test Program consists of a series of tests categorized as Construction, Preoperational,
and Startup. The Construction and Preoperational test phases consist of those tests that are
performed prior to the fuel loading and are described elsewhere. This specification deals with
the Startup Test Phase which is generally subdivided into three parts: 1) initial fuel loading and
open vessel testing; 2) testing during nuclear heatup to rated temperature and pressure
(approximately 5% of rated power); and 3) power ascension testing from 5 t0100 % of rated
power.

The enclosed requirements represent the minimum startup testing required to be performed
during the Startup Test Program. The Site GE Operations Manager will review additions to the
program for safety considerations. Deletions will require approval from the ABWR Project
Office, and be consistent with applicable regulatory requirements.

All required tests and their operating conditions are defined in Table 2. The individual test
requirements including the test purpose, a brief discussion of the test methods and philosophy,
and the test criteria for each test listed in Table 2 are presented in Section 4. A list of signals that
are to be available, but not necessarily recorded, during each specified test is contained in
Section 6. Detailed test procedures will be prepared to implement this program.

3.0 Applicable Documents
3.1 Supporting and Supplemental Documents

311 Supporting Documents

Supporting documents in conjunction with those documents listed in Sections 3.2 and 3.3
provide the design and licensing requirements for the Startup Test Program.

1. “Project Design Manual (PDM)”

2. ABWR Codes and Standards Database
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Supplemental Documents

Supplemental documents are those documents that are used in conjunction with this document
(some of which may not have been issued at the time of issuance of this Startup Test
Specification). The specific document and revision for a given project will be identified in the
Plant FSAR reference documents. These references are generic for ABWR and the titles of the
document used for a specific project may differ from the titles in this section (e.g., some projects
may use the term Nuclear Boiler vice Main Steam). Additionally, in some cases, documents
listed in this section may have been combined with other documents (e.g. combined Project
Design Manual vs individual System Design Documents).

1.

2.

10.

11.

12,

13.

14.

15.

16.

17.

18.

23A6100, ABWR Standard Safety Analysis Report (SSAR)

NEDO-33305, Advance Boiling Water Reactor (ABWR) Startup Administrative Manual
Startup Transient Analysis Report (STAR)

“GESTAR, General Electric Standard Application of Reactor Fuel”

NEDE-10958PA, “General Electric Thermal Aﬁalysis Basis (GETAB) Data, Correlation
and Design Application” '

ABWR Piping Penetration Design Requirements Specification

NEDO-33309, Advance Boiling Water Reactor (ABWR) Preoperational Test
Specification

“Plant Working Fluids Requirements Document”

“Turbine-Generator Control Requirements”

“Feedwater Control System (FWC) Hardware/Software Specification”
“Feedwater Control System (FWC) BOP/NI Interface Requirements”
“Reactor Building Environmental Zone Drawings”

“Control Building Environmental Zone Drawings”

“Process Flow Diagram Reactor Building Cooling Water System (RCW)”
“Process Flow Diagram Residual Heat Removal System (RHR)”
“Process Flow Diagram Reactor Water Cleanup System (CUW)”
American Society of Mechanical Engineers (ASME) Steam Tables

“ Nuclear Island Piping Systems Preoperational and Startup Testing Test Specification”
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19. “Cycle Management Report”
20. Control Rod Drive System Design Description
21. “Turbine Building Piping Test Requirements Specification.”

22. Reactor Water Cleanup System Design Description

3.2 Codes and Standards

The following codes and standards are applicable to the Initial Test Program for boiling water
reactor power plants to the extent specified herein. The applicable date/revision of the code or
standards is specified in the ABWR Codes and Standards Database.

1. ASME Boiler and Pressure Vessel (B&PV) Code, Section I1I, Rules for Construction of
Nuclear Power Plant Components

2. American National Standards Institute (ANSI) N45.2.4, Quality Assurance Program
Requirements for Nuclear Power Plants

3. ASME Performance Test Code (PTC) 6, Steam Turbines

3.3 Regulations and Regulatory Requirements

The following Regulations and Regulatory Requirements are applicable to the Initial Test
Program for boiling water reactor power plants to the extent specified herein. The applicable
date/revision is specified in the ABWR Codes and Standards Database for each project.

3.31 U.S. Code of Federal Regulations (CFR)
1. 10CFR20, “Standards for Protection Against Radiation”

2. 10CFR30, Section 30.53, “Tests”

el

10CFR50, Section 50.34, “Contents of Applications: Technical Information”
4. 10CFR50.55a, “Codes and Standards”

5. 10CFR50.63, “Loss of All Alternating Power”

6. 10CFR50. Appendix A, “General Design Criteria for Nuclear Power Plants”

7. 10CFRS50, Appendix B, “Quality Assurance Criteria for Nuclear Power Plants and Fuel
Processing Plants”

8. 10CFR52.79, “Contents of Application: Technical Information”

9. 10CFR 52, “Early Site Permits; Standard Design Certifications; and Combined Licenses
for Nuclear Power Plants”
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11.

12.

13.

14.
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U.S. Nuclear Regulatory Commission (NRC) Regulatory Guides
and NUREGs

Regulatory Guide 1.9, “Selection, Design, Qualification, and Testing of Emergency
Diesel-Generator Units Used as Class 1E Onsite Electric Power Systems at Nuclear
Plants”

Regulatory Guide 1.20, “Compreher{sive Vibration Assessment Program for Reactor
Internals During Preoperational and Initial Startup Testing”

Regulatory Guide 1.30, “Quality Assurance Requirements for Installation, Inspection
and Testing of Instrumentation and Electrical Equipment (Safety Guide 30)

Regulatory Guide 1.56, “Maintenance of Water Purity in Boiling Water Reactors”
Regulatory Guide 1.68, “Initial Test Programs for Water-Cooled Nuclear Power Plants”

Regulatory Guide 1.68.1, “Preoperational and Initial Startup Testing of Feedwater and
Condensate Systems for Boiling Water Reactor Power Plants”

Regulatory Guide 1.68.2, “Initial Startup Test Program to Demonstrate Remote
Shutdown Capability for Water-Cooled Nuclear Power Plants”

Regulatory Guide 1.108, “Periodic Testing of Diesel Generators Used as Onsite Electric
Power Systems at Nuclear Power Plants”

Regulatory Guide 1.116, “Quality Assurance Requirements for Installation, Inspection,
and Testing of Mechanical Equipment and Systems,

Regulatory Guide 1.139, “Guidance for Residual Heat Removal”

Regulatory Guide 1.152, “Criteria for Digital Computers in Safety Systems of Nuclear
Power Plants”

Regulatory Guide 1.168, “Verification, Validation, Reviews, and Audits for Digital
Computer Software Used in Safety Systems of Nuclear Power Plants”

Regulatory Guide 1.206, “Combined License Applications for Nuclear Power Plants
(LWR Edition)”

NUREG 0800, Standard Review Plan, Section 14.2 Initial Plant Test Program Final
Safety Analysis Report
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4.0 Discussion

4.1 Power/Flow Operating Map

Figure 1 shows the Power/Flow operating map for 10-reactor internal pump (RIP) operation.
The Power/Flow operating map is a plot of reactor power (in percent of rated) versus core flow
(also in percent of rated) for various operating conditions. The approximately vertical lines
represent the power relationship at constant Reactor Internal Pump (RIP) speed. Of special
interest are: natural circulation line, minimum RIP speed line, and RIP speed which provides
rated core flow at rated power. Other performance characteristics and limits also shown in the
figure are: constant rod lines, typical startup/shutdown region, steam separator performance limit
region, and instability-restricted region.

4.2 Startup Test Conditions

The test conditions at which a particular startup test is to be performed are included in Table 2.
Special requirements and plant operating conditions (Test Plateaus) are also included in Table 2.
Each test plateau is defined in Table 1 and illustrated on Figure 1. Table 3 provides a description
of control system operating modes that are used in Table 2. Unless otherwise specified, Core
Flow Control mode must be used for all startup tests specified in this specification.

4.3 Startup Test Sequence

The actual test sequence will be determined by the Startup Organization. The normal sequence
of testing is to complete all tests to be performed at a particular test plateau prior to proceeding to
the next plateau.

The recommended test sequence will be: core performance analysis tests, steady state testing,
control system tuning, system transient tests, and finally, the major transient tests including plant
trips. However, the actual test sequence can vary from the recommended test sequence due to
equipment problems and other considerations.

4.4 Test Criteria Definitions

There are three levels of Test Criteria. All three may apply to a specific Startup Test. The
following sections define each level and the actions to be taken if an individual test criterion is
not satisfied.

4.4.1 Level 1

Level 1 criterion relate to the values of process variables assigned in the design or analysis of the
plant and component systems or associated equipment. Violation of these Level 1 criteria may
have plant operational or plant safety implications. Therefore, if a Level 1 test criterion is not
satisfied, the plant must be placed in a suitable hold condition that is judged to be satisfactory to
safety based on the results of prior testing. Plant operating or test procedures or the Technical
Specifications may guide the decision on the direction to be taken. Startup tests compatible with
this hold condition may be continued.
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Resolution of the problem must be documented and pursued by appropriate equipment
adjustments or through engineering support by offsite personnel, if needed. Following
resolution, the applicable test portion must be repeated to verify that the Level 1 requirement is
ultimately satisfied. A description of the problem resolution shall be included in the report
documenting the successful test.

4.4.2 Level 2

Level 2 criteria are specified either a) as key plant, system or equipment performance
requirements that are consistent with the plant specification, individual system or equipment
design specification values or requirements for the measured response, or b) as the expected
plant response predicted by best estimate computer code and the desired trip avoidance margins
as applicable to plant malfunction testing.

If all Level 2 criteria requirements in a test are ultimately satisfied, there is no need to document
a temporary failure (e.g. during tuning and system adjustment) in the test report; unless there is
an educational benefit involved. Following resolution, the applicable test portion must be
repeated to verify that the Level 2 criterion requirement is satisfied.

If a Level 2 criterion requirement is not satisfied after a reasonable effort, then the cognizant
design and engineering organization shall document the results in the Corrective Action Program
with a full explanation of their recommendations. In order for the system as a whole to be
acceptable, all Level 2 requirements do not necessarily have to be satisfied provided that the
overall system performance is evaluated to be acceptable based on engineering’s
recommendations.

The specific action(s) required in dealing with criteria violations and other test exceptions or
anomalies shall be as described in the site based upon the Startup Administrative Manual.

443 Level 3

Level 3 criteria are associated with specifications on the expected or desired performance of
individual components or inner control loop transient performance. Meeting Level 3 criteria
helps assure that overall system and plant response requirements are satisfied. Therefore, Level
3 criteria are to be viewed as highly desirable rather than required to be satisfied. Good
engineering judgment is appropriate in the application of these rules.

Since overall system performance is a mathematical function of its individual components, one
component whose performance is slightly worse than specified can be accepted provided that a
system adjustment elsewhere will positively overcome this small deficiency. Large deviations
from Level 3 performance requirements are not allowable.

If a Level 3 criterion requirement is not satisfied, the subject component or inner loop shall be
analyzed closely. However, if all Level 1 and Level 2 criteria are satisfied, then it is not required
to repeat the transient test to satisfy the Level 3 performance requirements. The occurrence of
this Level 3 criterion failure shall be documented in the test report
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4.5 Test Prerequisites

The following general prerequisites apply to all testing identified in this specification.
Additional requirements unique to a specific test or plateau will be identified in the specific test
procedures.

1. The preoperational tests have been completed and plant management has reviewed the
test procedure(s) and approved the initiation of Startup Testing.

2. For each scheduled testing iteration, the plant shall be in the appropriate operational
configuration, as described in Table 2.

3. Control Systems tuning will be performed following verification of steady state
operation.

4. Transient testing will be performed after the principal control systems (Feedwater
Control System, Pressure Control System and Recirculation Flow Control System) have
been successfully tested.

5. Applicable instrumentation shall have been installed, checked and/or calibrated.

5.0 Individual Test Requirements

The following section provides the individual test requirements for the Startup Test Program.
These requirements are tabulated in Table 2.

5.1 Test Number 1 — Chemical and Radiochemical Measurements

511 Purpose

The principal objectives of this test are: a) to secure information on the chemistry and
radiochemistry of the reactor coolant, and b) to verify that the sampling equipment, procedures
and analytical techniques are adequate to supply the data required to demonstrate that the
chemistry of all parts of the reactor system meet applicable specifications and process
requirements.

51.2 Description

Prior to fuel loading, if not demonstrated during preoperational testing, a complete set of
chemical and radiochemical samples will be taken both to ensure that all sample stations function
properly and to determine initial concentrations.

Subsequent to fuel loading, during heatup, and at major power levels of all test plateaus, samples
will be taken and measurements will be made to determine the chemical and radiochemical
qualities of reactor water and incoming feedwater, amount of radiolytic gas in the main steam,
gaseous activities leaving the steam jet air ejectors, liquid effluent activities from the radwaste
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system discharge, decay times in the offgas lines, and performance of the Reactor Water Cleanup
System (CUW) filter demineralizers (F/Ds).

Radiation monitors in effluent release paths, waste handling systems, and process lines will be
calibrated. Proper functioning of such monitors will be verified, including comparison with
independent laboratory or other analyses. Proper operation of the main steamline and offgas
pretreatment process radiation monitors will be verified and sufficient data will be taken to
assure proper setting of, or if necessary, to make needed adjustment to, the alarm and trip
settings of the applicable instrumentation. Effluent releases will be monitored to confirm they
are within the limits of the operating license.

Other testing conducted throughout the test program will include evaluation of fuel performance,
evaluations of CUW filter/demineralizer operations (i.e., no cleanup test), measurements of
condensate filter and polisher performance, confirmation of condenser integrity, demonstration
of proper steam separator- dryer performance, measurement and calibration of the Offgas
System, and the evaluation and calibration of certain process instrumentation (including that
used to monitor condensate and reactor water conductivity as required by Regulatory
Guide 1.56). The demonstration of the proper functioning, and adjustment if necessary, of the
Hydrogen Water Chemistry System, the Oxygen Injection System, and the Zinc Injection
Passivation System will also be performed, as appropriate, to the extent that proper functioning
could not be adequately demonstrated during the pre-operational phase of testing.

Data for these purposes will be obtained from a variety of sources such as plant operating
records, routine coolant analysis, radiochemical measurements of specific nuclides, and special
chemical tests.

513 Criteria

5131 Level1

Chemical and radiochemical factors defined in the plant Technical Specifications must be
maintained within the limits specified.

The activity of gaseous and liquid effluents must conform to license limitations.

Water quality shall remain within the guidelines of the water quality specifications. (Ref.
2.1.2.8)

5.1.3.2 Level 2
Not Applicable
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5.2 Test Number 2 — Radiation Measurements

5.2.1 Purpose

The principal objectives of this test are: a) to obtain baseline data on the background radiation
levels in the plant environs prior to operation; and b) to monitor radiation at selected power
levels to assure protection of personnel during normal plant operation.

5.2.2 Description

Two categories of radiation level measurements (i.e., Complete Standard Surveys and Limited
Standard Surveys) will be made. The Complete Standard Surveys provide gamma, fast neutron,
and thermal neutron data useful in verifying radiation levels and specifying occupancy times for
protection of personnel. The Limited Standard Surveys are made specifically in the long-
residence-time areas and are wide area surveys intended to verify that there are no unexpected
radiation sources. All potentially high radiation areas throughout the plant shall be surveyed.
Specifically, the following locations should be included:

1. Drywell to containment building penetrations.

2. All accessible areas where intermittent activities have the potential to produce transient
high radiation conditions before, during and after such operations (example — transfer of
discharged resins from CUW system backwash receiver tank).

3. All accessible floor areas within the containment building prior to fuel loading, at
intermediate powers and at rated power.

The survey locations shall be clearly identified and marked prior to the time of the background
measurements. It is expected that other locations will be added and similarly marked as the test
program progresses. The surveyor should continuously monitor radiation levels as he moves
from one test location to another. Any locations between those designated, at which higher
radiation levels are observed in the course of surveying, should be added. The surveyor should
also look for and monitor potentially hazardous areas, such as points where doors or pipes for an
area of high radiation enter a high occupancy area.

A survey of background radiation levels throughout the plant is made prior to fuel loading.
Subsequent surveys will be conducted at the following times:

o After fuel loading but prior to initial criticality,
o during heatup,
¢ and at several major power levels at test plateaus up to and including rated condition.

These surveys will be performed at specific locations throughout the plant and will include
gamma dose rate measurements and, where appropriate, neutron dose rate measurements. This is
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done to verify that acceptable radiation levels exist in normally accessible locations in and
around the plant.

At selected reactor conditions, radiation levels at all pre-selected locations are measured and the
meter readings are recorded. A note indicating the operating status of the waste equipment
should accompany radiation measurements taken in the vicinity of waste equipment shielding
walls. Detectors should be held 3 feet above the designated locations. A search for radiation
streaming in the vicinity of piping and other penetrations through shielding walls and near shield
discontinuities will be performed. Caution should be exercised by the surveyors to minimize
their exposures.

523 Criteria

5.23.1 Level1

The radiation doses of plant origin and the occupancy times of personnel in radiation zones shall
be controlled consistent with the guidelines outlined in 10CFR20 “Standards for Protection
Against Radiation”.

5.23.2 Level 2
Not Applicable

5.3 Test Number 3 — Fuel Loading

5.3.1 Purpose

The purpose of this test is to load fuel safely, correctly and efficiently to the full core size.

5.3.2 Description

Prior to fuel loading, fuel and control rod inspections shall be completed and control rods fully
inserted and functionally scram tested. Neutron sources shall be installed and the required
number of Startup Range Neutron Monitor (SRNM) channels shall be calibrated, operable and
placed in the non-coincidence mode of operation. Reactor vessel water level shall be established
above the minimum prescribed level. In addition, systems required to support fuel loading shall
be operable as defined by the Technical Specifications and demonstrated by the applicable
surveillance tests. Appendix B provides a recommended Initial Fuel Loading Master Checklist
to assist in ensuring the site is ready to commence initial fuel load. This checklist should be
included and expanded based on site requirements in the fuel load procedure. Appendix C
provides a list of surveillance procedures applicable to the fuel load process.

Fuel loading will commence and proceed in a predetermined sequence in accordance with a
detailed written procedure. Fuel loading will be performed in a spiral pattern around a selected
fuel location until the core is fully loaded in a 