14. Verification Programs

14.1 Introduction

This chapter of the safety evaluation report (SER) provides the staff’s review of the initial test
program (ITP) and the inspections, tests, analyses, and acceptance criteria (ITAAC) of the
GE-Hitachi Nuclear Energy Americas LLC (GEH) economic simplified boiling-water reactor
(ESBWR) as part of the design certification (DC) review being conducted by the U.S. Nuclear
Regulatory Commission (NRC) under Title 10 of the Code of Federal Regulations (10 CFR),
Part 52, “Licenses, Certifications, and Approvals for Nuclear Power Plants.”. The staff is
conducting this review in accordance with Revision 3 to NUREG-0800, “Standard Review Plan
for the Review of Safety Analysis Reports for Nuclear Power Plants,” (hereafter referred to as
the SRP), Chapter 14, “Initial Test Program and ITAAC-Design Certification,” dated March 2007.

14.2 Initial Plant Test Program for Final Safety Analysis Reports

14.2.1 Regulatory Criteria

According to 10 CFR 52.47(a) the information for DC must include performance requirements
and design information sufficiently detailed to permit the preparation of acceptance and
inspection requirements by the NRC. In accordance with the requirements in

10 CFR 50.34(b)(6)(iii) and 10 CFR 52.79(a)(28), an applicant for an operating license or
combined license (COL) shall provide information concerning plans for preoperational testing
and initial operations.

Section 14.2 of Regulatory Guide (RG) 1.70, “Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants,” Revision 3, issued November 1978, requires that applicants
describe the technical aspects of the ITP in sufficient detail to show that the test program will
adequately verify the functional requirements of plant structures, systems, and components
(SSCs). The test program should also provide for administrative controls to conduct the test
program, describe the organizations involved in testing and staffing activities, describe
measures to ensure compliance with test program RGs, provide for the use of operating and
testing experience, and provide for the trial use of the plant operating and emergency
procedures.

RG 1.68, “Initial Test Programs for Water-Cooled Nuclear Power Plants,” Revision 2, issued
August 1978, describes the general scope and depth of the ITPs acceptable to the NRC staff for
light-water-cooled nuclear power plants. As stated in the RG, the ITP should provide assurance
through testing that the facility has been adequately designed and provide validation, to the
extent practical, of the analytical models and assumptions used to predict plant responses to
anticipated transients and postulated accidents.

SRP Section 14.2, “Initial Plant Test Program,” Revision 3, issued March 2007, provides
guidance and acceptance criteria to the NRC staff for the review of a proposed DC or COL
applicant’s ITP. Since the COL applicants referencing the ESBWR DC are committed to SRP
Section 14.2, Revision 3, the NRC staff used this guidance document as part of its regulatory
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criteria for review and acceptance of the DC applicant’s list of COL applicant action items and
holder items. The COL applicants are also committed to the ITP guidance in RG 1.206,
“Combined License Applications for Nuclear Power Plants (LWR Edition)”, C.I.IV, “Verification
Programs,” Section C.1.14.2, “Initial Plant Test Program,” for COL items.

In accordance with SRP Section 14.2, the DC applicant’s ITP should address programmatic
aspects, including consideration of organization and staffing; administrative controls governing
the ITP; preparation, review, and technical content of test procedures; conduct of the ITP;
sequencing of testing steps; review, evaluation, and approval of test results; use of reactor
operating and testing experiences; and verification by trial use, to the extent practical, of the
adequacy of the facility’s operating and emergency procedures.

The staff reviewed the DC applicant’s ITP to determine whether it meets the relevant guidance
in RG 1.68 and SRP Section 14.2 as they relate to demonstrating the performance capabilities
of SSCs and design features that will be used during normal and abnormal operations.

14.2.2 Summary of Technical Information

The applicant provided the technical information associated with the ITP in Design Control
Document (DCD) Tier 2, Section 14.2, “Initial Plant Test Program for Final Safety Analysis
Reports.” This information applies to the preoperational testing phase as well as to the initial
startup testing phase.

In DCD, Tier 2, Section 14.2.1, “Summary of Test Program and Objectives,” the applicant
presented a general description of the ITP that includes (1) construction test objectives,

(2) preoperational test objectives, (3) startup test objectives, and (4) organization and staffing.
Preoperational testing is normally conducted before fuel load, whereas initial startup testing
begins with the initial fuel load and extends to commercial operation. DCD, Tier 2,

Section 14.2.1.4, presents the responsibilities of the organizational groups that will participate
during the various testing phases of the ITP. The DC applicant states that, as the principal
designer of the ESBWR plant, it will be on site to direct the work of the constructor and offer
consultation and overall technical direction.

DCD, Tier 2, Section 14.2.2, “Startup Admin Manual/Test Procedures/Programs/Results/
Reports,” lists the ITP requirements for the startup administrative manual (SAM) test
procedures; administrative requirements for conducting the test program; organizational
methods used to review, evaluate, and approve test results; and retention periods for test
records.

DCD, Tier 2, Section 14.2.3, “Test Program’s Conformance with Regulatory Guides,” lists the
RGs used by the DC applicant for the development of the ITP.

In DCD, Tier 2, Section 14.2.4, “Utilization of Reactor Operating and Testing Experience in the
Development of Test Program,” the applicant states that the ESBWR plant design has the
benefit of the operating and testing experience acquired with previous boiling-water reactor
(BWR) plant designs that have been constructed and are still in operation. In addition, the
applicant states that it will use the additional operating and testing experience obtained from
NRC licensee event reports, Institute of Nuclear Power Operations (INPO) correspondence, and
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other industry sources in the development of the ITP.

In DCD, Tier 2, Section 14.2.5, “Use of Plant Operating and Emergency Procedures,” the
applicant states that it will use the plant operating and emergency procedures to the extent
practicable during the implementation of the ITP. This approach will facilitate the familiarization
of the plant operating and technical staff with facility operating and emergency procedures and
verify, by trial use, the adequacy of such procedures.

In DCD, Tier 2, Section 14.2.6, “Initial Fuel Loading and Initial Criticality,” the applicant provides
general guidance, including checks and verification requirements that will be applied during
initial fuel loading and initial criticality. These activities include prefuel load, initial fuel loading,
precriticality testing, and initial criticality.

In DCD, Tier 2, Section 14.2.7, “Test Program Schedule and Sequence,” the applicant provides
the proposed timetable for completing the ITP including the schedule for completing the
preoperational test phase before fuel load and the startup and power ascension test phases.
The Licensee will provide the test program schedule and sequence for conducting each phase
of the ITP, as stated in DCD, Tier 2, Section 14.2.7. The applicant includes in its ITP the
general guidance for the generation, review, and approval of procedures, as well as the actual
testing and analysis of results.

In DCD, Tier 2, Section 14.2.8, “Individual Test Descriptions,” the applicant describes the
individual tests descriptions for SSCs and the design features anticipated for the ESBWR
standard design. For each test, the section presents a general test purpose, prerequisites,
general test method, and acceptance criteria.

14.2.3 Staff Evaluation

The NRC staff reviewed the ESBWR ITP in accordance with the review guidance contained in
RG 1.68 and SRP Section 14.2. In DCD, Tier 2, Section 14.2, the applicant described the
ESBWR ITP, which consists of preoperational and initial startup tests. Preoperational tests,
which are performed after the construction and installation of plant equipment but before initial
fuel loading, demonstrate the capability of the plant systems to meet relevant performance
requirements. Startup tests, which begin with initial fuel loading, demonstrate the capability of
the integrated plant to meet performance requirements. For each phase of the ITP, a DC
applicant needs to define organizational responsibilities, provide administrative controls for the
development of the test program, and provide test abstracts, which include the objectives of
each test, summary of prerequisites, test methods, and specific acceptance criteria. These test
abstracts should address the criteria outlined in RG 1.68 and SRP Section 14.2. In addition, the
applicant needs to describe how it considered the use of reactor operating and testing
experience, the trial use of plant operating and emergency procedures, and conformance with
applicable RGs. Conformance of a proposed test program to the above guidelines provides
reasonable assurance that the facility can be operated in accordance with its design criteria and
in a manner that will not endanger the health and safety of the public.
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The staff noted that the applicant provided guidance in the areas of organization and staffing,
conformance with RGs, test procedure control, utilization of reactor operating and testing
experience, use of plant operating and emergency procedures, and test program schedule and
sequence. In addition, the applicant provided individual test descriptions, test performance
requirements, and acceptance criteria for each preoperational and startup test. The following
sections discuss these areas in detail.

14.2.3.1 Initial Test Program Objectives

The staff reviewed the preoperational and initial startup testing objectives, as described in DCD,
Section 14.2, Tier 2. The staff noted that the applicant’s proposed test program provided
controls to (1) ensure that construction was complete and acceptable, (2) demonstrate the
capability of SSCs to meet performance requirements, (3) demonstrate, where practical, that the
plant is capable of withstanding anticipated transients and postulated accidents, and

(4) evaluate and demonstrate, to the extent possible, the knowledge of the operating group
about the plant and plant operating procedures to provide reasonable assurance that the plant
can be brought safely to its rated power and can be safely operated during sustained power
operations.

In the preoperational testing phase description, the staff noted that the applicant provided
controls to ensure that (1) the design specifications and test acceptance criteria are met,

(2) baseline test and operating data are obtained for future reference, (3) plant systems operate
together on an integrated basis to the extent possible, and (4) plant operating staff obtains
practical experience in the operation and maintenance of plant equipment and systems. In
addition, the applicant stated that it will assist the COL applicant with the development,
implementation, and evaluation of normal, abnormal, and emergency operating procedures to
the extent possible; establishment and evaluation of surveillance testing procedures; and
demonstration that plant systems are operational in order to continue to fuel loading and initial
startup testing.

In the initial startup testing phase description, the staff noted that the applicant provided controls
to ensure (1) a safe core loading, (2) a safe and orderly approach to initial criticality, and (3) the
plant’s ability to meet test acceptance criteria during low-power and power ascension testing
based on sufficient testing.

In Request for Additional Information (RAI) 14.2-81, the staff asked for information about the
construction test objectives in DCD, Tier 2, Section 14.2.1.1. Specifically, a staff review of DCD
Section 14.2.1 indicated that the objectives of construction tests do not consider the possibility
of field engineering changes to SSCs, and the section does not identify how such changes will
be documented and reflected in the conduct of field tests and test acceptance criteria.
Accordingly, the staff asked that the applicant update the DCD to include a description of the
process that it will use to address how field engineering design changes to SSCs will be
documented and reflected in the conduct of initial tests to ensure that the as-built plant will be
built and operated in accordance with the DC and in compliance with NRC regulations.
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In its response to RAI 14.2-81, the applicant stated the following:

The process of controlling and resolving problems encountered during plant
testing phases is to be controlled by the quality process described in the Quality
Assurance Program Document (QAPD) established by the COL applicant and
maintained by the Licensee. Problems uncovered in testing will be tied to the
QAPD through a link in the SAM and will be added to the list of the items this
manual will provide.

In accordance with this response, the applicant changed DCD, Tier 2, Revision 3, by adding a
seventh bullet to the content requirements of the SAM. Specifically, the applicant added the
following bullet to DCD, Tier 2, Section 14.2.2.1, “Startup Administrative Manual,” Revision 4:

o Identifies the quality process to be used to control the resolution of test
failures, deficiencies and oversights discovered in the ITP. This program
will address the control of any plant modifications required to resolve
these deficiencies.

DCD, Tier 2, Section 14.2.2.1, Revision 4, also stated, in part, that “A SAM is developed and
made available to the NRC 60 days prior to the scheduled start of the Preoperational Test
Program.” The applicant also added the following COL information item related to the SAM in
DCD, Tier 2, Section 14.2.10, “COL Information,” Revision 4:

14.2-1-H Per Subsection 14.2.2.1, the COL holder will make available 60
days prior to the scheduled start of the preoperational test
program, the SAM.

In accordance with SRP Section 14.2 and RG 1.206, the COL applicant is required to provide
the administrative controls governing the ITP. The staff determined that the administrative
controls governing the ITP should be included in the SAM and COL applicant should provide the
SAM during the COL application review phase.. The staff noted that ESBWR DCD

Sections 14.2.2.1 and 14.2.10 were not consistent with SRP Section 14.2 and RG 1.206 in that
the DCD requires the Licensee to provide this information. The staff requested in RAI 14.2-81,
Supplement 1, that the DC applicant revise ESBWR DCD Sections 14.2.2.1 and 14.2-10, COL
Information Item 14.2-1-H, to be consistent with the requirement that the COL applicant provide
the SAM to the NRC for review and approval.

In its response to RAI 14.2-81, Supplement 1, the applicant stated they did not agree with the
requested change. However, the applicant did agree to add a new COL information item
requiring the COL applicant to provide a description of how the ITP administration is developed.
The applicant stated that this includes discussions and description of the process,
organizational controls, and requirements that are to be included in the SAM. The applicant
also stated in its response that they will change the wording for SAM from “Startup
Administration Manual” to “Startup Administrative Manual” to be consistent with the guidance
provided in SRP Section 14.2.
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In May 2008, the DC applicant submitted DCD, Revision 5, Section 14.2.10, to add COL
Information Item 14.2-1-A, “Description—Initial Test Program Administration,” and COL
Item 14.2-5-A, “Site Specific Tests,” provided below:

A description of the ITP administration is developed and made available to the
NRC by the COL applicant (Subsection14.2.2.1)

The COL Applicant will define any required site specific preoperational and
startup testing (Subsection14.2-9)

In DCD, Revision 5, Section 14.2.10, DC applicant also revised the COL information item for the
SAM to state that the a SAM is developed and made available by the Licensee to the NRC 60
days prior to the scheduled start of the preoperational test program. This is designated as COL
Information Item 14.2-2-H. Based on GEH’s response and the changes provided in DCD,
Revisions 5, RAI 14.2-81S01 is resolved. However, in DCD, Revision 6, the applicant revised
the COL information Item for the SAM to state that the COL applicant will provide a milestone
for completing the SAM and making it available for NRC inspection. In Revision 6, this is COL
Information Item 14.2-2-A. The staff determined that the revised COL information item is
acceptable because the staff will have the opportunity to review the proposed milestone during
the COL application review to verify conformance with RG 1.68.

The applicant also revised four COL information items, as noted in Section 14.2.4 of this report.
The staff finds that the changes provided in DCD Revision 5 are acceptable; therefore, the
changes resolve RAI 14.2-81, Supplement 1.

In RAI 14.2-82, the staff requested additional information regarding the preoperational test
objectives in DCD, Tier 2, Section 14.2.1.2. Specifically, a review of DCD, Tier 2,

Section 14.2.1, Revision 3, determined that the objectives of the preoperational test program did
not consider operational programs and procedures as prerequisites for fuel loading and did not
identify when such programs need to be approved and in place. In the context of controlling
and monitoring radioactive effluents, the programs include the Radiological Effluent Technical
Specifications (TSs) or Standard Radiological Effluent Controls (SREC), Offsite Dose
Calculation Manual (ODCM), Process Control Program (PCP), and Radiological Environmental
Monitoring Program (REMP). Accordingly, the staff requested that the applicant update the
DCD to identify these program documents and state when such documents must be approved
and operationally ready for the conduct of preoperational tests for all associated systems as
prerequisites before fuel loading.

In its response to RAI 11.5-47, the applicant revised DCD, Tier 2 to require the COL applicant to
fully describe the SREC, ODCM, and REMP listed in DCD, Tier 2, Section 11.5.7, and the PCP
in DCD, Tier 2, Section 11.4.6. Furthermore, the COL information item in DCD, Section 13.4.1,
Revision 3, requires implementation milestones for all operational programs to be made
available to the NRC staff for inspection before fuel load. In addition, COL Action Iltem 11.5.7.2
states that the COL applicant will develop an ODCM that will include programs for monitoring
and controlling the release of radioactive material to the environment.

The DC applicant stated in its response to RAI 14.2-82 that it is globally changing the COL
holder items to COL applicant items in DCD, Tier 2, Revision 4. The applicant also updated
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DCD, Tier 2, Sections11.5.4.5, 11.5.4.6, 11.5.4.7, 11.5.4.8, and various paragraphs of
Section 11.5.7 to show “COL applicant.” The applicant does not plan to revise DCD,
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Section 14.2.1 to address COL applicant issues since DCD, Sections 14.2.2 and 14.2.10
already discuss COL information. On this basis, the staff has determined that RAI 14.2-82 is
resolved.

On the basis of the above, the staff finds that the DC applicant provided a set of objectives for
the ITP that are consistent with the regulatory positions contained in RG 1.68 and SRP
Section 14.2.

14.2.3.2 Initial Test Program’s Conformance with Regulatory Guides

The staff reviewed the methodology used by the applicant to verify that the ITP meets the
guidance in RGs. SRP Section 14.2 states, in part, that the applicant should establish and
describe an ITP that is consistent with the regulatory positions outlined in RG 1.68. SRP
Section 14.2 also lists supplemental RGs that provide more detailed information pertaining to
the testing. Appendix A to RG 1.68 references a set of supplemental RGs that provide
additional guidance for particular tests during the preoperational and initial startup phases. The
supplemental RGs contain additional information to help determine if performance of the tests in
the proposed manner will accomplish the objectives of certain plant tests.

In DCD, Tier 2, Section 14.2.3, the applicant listed the RGs used in the development of the
ESBWR ITP. In addition, DCD, Tier 2, Table 1.9-21 in Section 1.9, lists the RGs applicable to
the ESBWR design. The staff reviewed the tables mentioned above to ensure that the
applicable RGs were included in the development of the ITP. For those instances where the
applicant determined that RGs were not applicable to the ESBWR design or where the applicant
proposed an exception to the RGs, the staff reviewed the applicant’s justification for the
exception to ensure that the test program scope remains sufficient.

The staff reviewed the list of RGs that the applicant determined not to be applicable to the
ESBWR design and exceptions to regulatory positions in these RGs. The list includes the
following:

o RG 1.37, “Quality Assurance Requirements for Cleaning of Fluid Systems and
Associated Components of Water-Cooled Nuclear Power Plants,” Revision 1, issued
March 1973

° RG 1.52, “Design, Inspection, and Testing Criteria for Air Filtration and Adsorption Units
of Post-Accident Engineered-Safety-Feature Atmosphere Cleanup Systems in
Light-Water-Cooled Nuclear Power Plants” Revision 3, issued June 2001

. RG 1.79, “Preoperational Testing of Emergency Core Cooling Systems for Pressurized
Water Reactors,” Revision 1, issued September 1975

) RG 1.95, “Protection of Nuclear Power Plant Control Room Operators Against an
Accidental Chlorine Release,” Revision 1, issued January 1977

) RG 1.108, “Periodic Testing of Diesel Generator Units Used as Onsite Electric Power
Systems at Nuclear Power Plants,” Revision 1, issued August 1977
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. RG 1.116, “Quality Assurance Requirements for Installation, Inspection, and Testing of
Mechanical Equipment and Systems,” Revision 0-R, issued May 1977

The staff determined that RGs 1.52 and 1.108 do not apply to the ESBWR DC because the
ESBWR design does not include Class 1E diesel generators (DGs) or safety-related
atmospheric cleanup systems. RG 1.79 applies only to pressurized-water reactors and,
therefore, does not apply to the ESBWR design. The NRC withdrew RG 1.95 and, therefore, it
is not applicable to a DC review. Thus, the staff concludes that, with the exceptions to
regulatory positions in RG 1.37 and RG 1.116, the other RGs do not apply to the ESBWR DC.

The staff also reviewed and evaluated proposed exceptions in RG 1.37 and RG 1.116 to verify
that the applicant provided adequately justified the alternate regulatory positions for testing.

The applicant stated that Table 2-1 of the “GE Nuclear Energy Quality Assurance Program
Description”, Revision 8, dated March 31, 1989, includes alternate positions to the requirements
described in RGs 1.37 and 1.116 that the NRC staff has previously approved. The staff
reviewed the alternate positions for testing described in the approved GE QAPD and
determined that these exceptions meet the guidance in RG 1.68; therefore, they remain
acceptable for the ESBWR DC application.

The staff issued RAI 14.2-37 to seek clarification of the applicability of the supplemental RGs in
SRP Section 14.2.11 (RG 1.56, “Maintenance of Water Purity in Boiling Water Reactors (for
Comment),” Revision 1, issued July 1978; RG 1.128, “Installation Design and Installation of
Vented Lead-Acid Storage Batteries for Nuclear Power Plants,” Revision 2, issued

February 2007; and RG 1.136, “Design Limits, Loading Combinations, Materials, Construction,
and Testing of Concrete Containments,” Revision 3, issued March 2007). DCD, Tier 2,
Section 14.2.3, did not include these RGs. In its response to RAI 14.2-37, the applicant stated
that DCD, Tier 2 did list RG 1.56, but inadvertently omitted RG 1.128 which will be included in
the next revision to Section 14.2.3. The staff confirmed that DCD, Tier 2, Revision 3, does list
both RG 1.56 and RG 1.128. In addition, the staff no longer recommends RG 1.136 in SRP
Section 14.2.11, Revision 3, as a supplemental RG for the ITP. Because RG 1.68 provides more
detailed guidelines for the initial tests, the staff determined that DCD, Tier 2, Section 14.2.3,
does not need to list RG 1.136. The applicant’s response is therefore acceptable, and

RAI 14.2-37 is resolved.

On the basis of the above review, the staff determined that the ESBWR ITP adequately
conforms to the general scope and depth of test programs as described in RG 1.68 and also
conforms to the test program regulatory positions stated in SRP Section 14.2. In addition, the
staff determined that the applicant adequately justified the noted exceptions.

14.2.3.3 Organizational and Staffing Responsibilities

The staff reviewed organizational and staffing responsibilities associated with the conduct of the
ITP. SRP Section 14.2 and RG 1.68 state that “the applicant should provide and define the
responsibilities of the organizational units that will carry out the ITP. These responsibilities
include designated functions of each organizational unit and general steps to be followed in
conducting these activities.”
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The applicant proposed in DCD, Tier 2, Section 14.2.1.4, a startup coordinating group (SCG),
composed of representatives of the plant owner/operator, GEH, and others, for the conduct of
the ITP. This group will be responsible for the planning, execution, and documentation of
preoperational and initial startup testing activities. In addition, the applicant stated that it will
coordinate, in conjunction with the Licensee, overall technical direction to the station staff
including shift personnel in testing and operational activities in accordance with a SAM. The
staff noted that the Licensee will define responsibilities, authorities, and qualifications for normal
plant staff consistent with the ESBWR design, as described in DCD, Tier 2, Chapter 13.

In RAI 14.2-186, the staff asked the applicant to include a COL information item to provide
complete, detailed information regarding the applicant’s responsibilities, authorities, and
personnel qualifications for conducting the ITP in accordance with RG 1.68 to ensure that the
plant owner/operator provided the necessary information to be reviewed by the NRC staff at the
time of the COL application.

In its response to this RAI 14.2-16, the DC applicant revised DCD, Tier 2, Section 14.2.9 and
added a COL information item. The Licensee will describe (1) the responsibilities of the
organization that will carry out the test program; (2) methods and plans for providing the
necessary manpower; (3) the staff responsibilities, authorities, and personnel qualifications for
conducting the ITP; and (4) the SAM is used to govern the administrative controls for conducting
the ITP. The staff reviewed the DC applicant’s response to this RAlI and DCD, Tier 2,

Revision 3, Section 14.2.9, and determined that the revised text appropriately included three of
the four provisions noted above. The response to RAI 14.2-16 is resolved. However, as
discussed in Section 14.2.3.1 of this report the COL information item was changed and now
requires the COL applicant to provide milestones for completing the SAM and making it
available for NRC inspection. In DCD Revision 6, this has been relabeled COL Information
ltem 14.2-2-A.

On the basis of the above review, the staff determined that organizational and staffing
responsibilities associated with the conduct of the ITP submitted by the applicant provide
adequate guidance and meet the regulatory positions in RG 1.68 and SRP Section 14.2.

14.2.3.4 Initial Test Program Test Procedures

The staff reviewed the methodology submitted by the applicant that will be used to develop,
review, and approve individual test procedures to ensure that the relevant requirements of
RG 1.68 and SRP Section 14.2 are met. SRP Section 14.2 and RG 1.68 specify that test
procedures should control (1) the sequencing of testing steps, (2) preparation, review, and
approval of test procedures, (3) use of temporary equipment, and (4) test acceptance criteria.
RG 1.68 also states that the ITP should be conducted using test procedures developed and
reviewed by personnel with appropriate technical backgrounds and experience. Additionally,
RG 1.68 states that the principal design organizations should participate in establishing test
performance requirements and test acceptance criteria.

In DCD, Tier 2, Section 14.2.2, the staff noted that the applicant provided general guidance for

development and review of test specifications and procedures. The applicant stated that the
startup group will conduct the ITP in accordance with a SAM. This manual, to made available
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by the Licensee, will (1) define the format of preoperational and startup test procedures,

(2) delineate the qualifications and responsibilities of the different positions within the startup
group, (3) define the review and approval process for both initial procedures and subsequent
revisions or changes, and (4) specify the process for review and approval of test results and for
resolution of failures. The staff also noted that the SAM will include measures to provide
approved test procedures to NRC inspection personnel approximately 60 days before the
scheduled performance of the preoperational tests and will include measures to provide
approved procedures for power ascension tests to NRC inspection personnel 60 days before
the scheduled fuel loading date.

In RAI 14.2-17, the staff asked the applicant to include a COL information item to provide
complete, detailed information regarding the development, review, and approval of test
procedures in accordance with RG 1.68.

In its response to RAI 14.2-17, the applicant revised DCD, Tier 2, Section 14.2.9 and added a
COL information item for the Licensee to provide a SAM that delineates the development,
review, and approval of test procedures per Appendix C to RG 1.68. (see RAI 14.2-81). In
addition, the applicant stated that the Licensee will make the approved test procedures available
to the NRC staff approximately 60 days before their intended use. The staff reviewed the
applicant’s response to this RAl and DCD, Tier 2, Revision 3, Section 14.2.9, and determined
that the revised text appropriately includes these provisions. Therefore, RAI 14.2-17 is
resolved.

However, as discussed in Section 14.2.3.3 of this report, the applicant revised the COL
information item for the SAM in Revision 6 to the DCD. In DCD, Revision 6, this has been
relabeled COL information item 14.2-2-A. The applicant also revised the COL information item
for test procedures to state that the COL applicant will provide milestones for making available
to the NRC approved test procedures satisfying the requirements for the ITP. This has been
relabeled COL Information Item 14.2-3-A.

The staff determined that the general test specification and test procedure guidelines specified
in DCD, Tier 2, Section 14.2.2 are acceptable for the DC because the guidelines are consistent
with RG 1.68 and SRP Section 14.2. However, development of test specifications and test
procedures will require detailed plant-specific design information and review and approval by
the Licensee. Because plant-specific design information will be needed, the staff concludes that
it is acceptable to defer responsibility for the development of detailed preoperational and startup
test specifications and test procedures to the Licensee.

14.2.3.5. Utilization of Reactor Operating and Testing Experience in the Development of
the Initial Test Program

The staff reviewed the methodology submitted by the applicant to include reactor operating and
testing experience in the development of the ITP. SRP Section 14.2 and RG 1.68 state that the
applicant should describe how it used the operating and testing experiences of other facilities in
the development of the ITP.

In DCD, Tier 2, Section 14.2.4, the staff noted that the applicant considered the use of
operational and testing experience gained from previous BWR plant designs, as well as
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operating and testing experience obtained from NRC licensee event reports, INPO
correspondence, and other industry sources. The applicant stated that it has factored these
experiences into the design and test specifications for the ITP. In DCD, Tier 2, Section 14.2.2,
the staff noted that the COL applicant will be responsible for providing test specifications and
test procedures for preoperational and startup tests for review by the NRC and for the
preparation of the SAM which will contain the processes and standards that govern the activities
associated with the plant ITP.

In accordance with SRP Section 14.2 and RG 1.206, the COL applicant is required to provide
the administrative controls governing the ITP. In RAI 14.2-81, the staff noted that this ESBWR
DCD subsection is not consistent with SRP Section 14.2 and RG 1.206 in that it requires the
licensee to provide this information. For additional details, see the discussion regarding the
resolution of RAI 14.2-81 in Section 14.2.3.1 of this report.

In RAI 14.2-18, the staff asked the applicant to include a COL information item to provide
complete, detailed information regarding the utilization of reactor operating and testing
experience in accordance with RG 1.68.

In its response to RAI 14.2-18, the applicant revised DCD, Tier 2, Section 14.2.9, and added a
COL information item for the Licensee to make available, 60 days before use, a SAM that
delineates the utilization of previous reactor operating and testing experience in the
development of the test procedures in accordance with RG 1.68. The staff reviewed the
applicant’s response to this RAl and DCD, Tier 2, Revision 3, Section 14.2.9, and determined
that the revised text appropriately includes these provisions and is acceptable. Therefore,
RAI 14.2-18 is resolved.

In DCD, Revision 6, this is identified as COL Information Item 14.2-2-A.

The staff determined that the applicant provided adequate ITP administrative controls, except as
noted above, for the utilization of reactor operating and testing experience as described in

RG 1.68 and SRP Section 14.2. However, development of ITP test procedures will require
detailed plant-specific design information and review and approval by the Licensee, and thus,
the NRC staff concludes that it is acceptable to defer the review of the utilization of operating
and testing experience to the Licensee.

14.2.3.6 Trial Use of Plant Operating and Emergency Procedures

The staff reviewed the methodology submitted by the applicant to verify plant operating and
emergency procedures during the conduct of the ITP. SRP Section 14.2 states that the
applicant should incorporate plant operating, emergency, and surveillance procedures into the
test program, or otherwise verify these procedures through use, to the extent practicable, during
the ITP.

In DCD, Tier 2, Section 14.2.5, the staff noted that the applicant also included provisions to
ensure that the plant’s normal, surveillance, abnormal, and emergency operating procedures
will be used, to the extent practical, throughout the preoperational and initial startup tests.
Additionally, the COL applicant will be responsible for the SAM. In DCD, Tier 2, Section 14.2.2,
the staff noted that the Licensee will be responsible for developing test specifications and test
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procedures for preoperational and startup tests.

In RAI 14.2-19, the staff asked the applicant to include a COL information item to provide
complete, detailed information regarding the trial use of operating and emergency procedures in
accordance with RG 1.68.

In its response to RAI 14.2-19, the applicant revised DCD, Tier 2, Section 14.2.9, and added
COL information item for the Licensee to make available, 60 days before use, a SAM that
requires the development of plant operating and emergency procedures before fuel loading and
their application during the test program, consistent with Section C.7 of RG 1.68. The staff
reviewed the applicant’s response to this RAl and DCD, Tier 2, Revision 3, Section 14.2.9, and
determined that the revised text appropriately includes these provisions and is acceptable. This
resolves RAI 14.2-19.

In DCD, Revision 6, this is identified as COL Information Item 14.2-2-A.

On the basis of the above review, the staff determined that it is acceptable to defer the trial use
of operating and emergency procedures to the Licensee because development of the ITP test
procedures will require detailed plant-specific design information and review and approval by
the Licensee.

14.2.3.7 Initial Test Program Schedule and Sequence

The staff reviewed the methodology submitted by the applicant that will be used to develop the
ITP schedule and sequence. RG 1.68 states that sufficient time should be scheduled to perform
orderly and comprehensive testing and provides for a minimum time of about 9 months for
conducting the preoperational testing phase and a minimum time of about 3 months for
conducting the initial startup testing phase.

The staff noted that, in DCD, Tier 2, Section 14.2.7, the applicant provided measures for
conducting each major phase of the ITP relative to the initial fuel load date. The Licensee will
provide a schedule showing the timetable for generation, review, and approval of procedures,
as well as the actual testing and analysis of results. The applicant also stated that approved
test procedures will be available to the NRC staff no later than 60 days before their intended
use.

The staff reviewed the controls that will be implemented during the preoperational and initial
startup testing phases. The applicant provided general controls to ensure that during the
preoperational testing phase, testing is performed as systems and equipment availability allows,
considering the interdependence of systems. Additionally, the applicant stated that during the
startup testing phase, test sequencing will depend on specified power conditions and
intersystem prerequisites.

In RAI 14.2-20, the staff asked the applicant to include a COL information item to provide
complete, detailed information regarding the development of the test program schedule and
sequence in accordance with RG 1.68.

In its response to RAI 14.2-20, the applicant revised DCD, Tier 2, Section 14.2.9, and added

14-13



COL information item for the licensee to make available 60 days before use, a SAM that defines
the requirements for the test program schedule consistent with Section C.5 of RG 1.68 and the
test sequence, consistent with Appendix A to RG 1.68. The staff reviewed the applicant’s
response to this RAIl and DCD, Tier 2, Revision 3, Section 14.2.9, and determined that the
revised text appropriately includes these provisions and is acceptable. Therefore, RAI 14.2-20
is resolved.

In DCD, Revision 6, the applicant revised the COL information item for the testing schedule to
state that the COL applicant will provide a milestone for completing the detailed testing schedule
and making it available to the NRC. This has been relabeled COL Information Item 14.2-3-A in
Revision 6 of the DCD.

On the basis of the above review, the staff determined that the guidance provided by the
applicant is consistent with the criteria contained in RG 1.68 and SRP Section 14.2. However,
since the Licensee is designated as responsible for the test program schedule, the staff
determined that it is acceptable to defer the detailed test program schedule and sequence to the
Licensee.

14.2.3.8 First-of-a-Kind Tests

SRP Section 14.2 and RG 1.68, state, in part, that “if new, unique, or first-of-a-kind (FOAK)
principal design features will be used in the facility, the in-plant functional testing requirements
necessary to verify their performance need to be identified at an early date to permit these test
requirements to be appropriately accounted for in the final design.”

In RAI 14.2-95, the staff noted that in DCD Section 14.2.8.1, “Preoperational Test Procedures,”
and Section 14.2.8.2, “General Discussion of Startup Tests,” the applicant did not identify any
preoperational, startup, and power ascension tests that are FOAK tests in the ESBWR design.
The staff requested additional information on preoperational, startup, and power ascension tests
that are FOAK tests in the ESBWR design.

In its response to RAI 14.2-95, the applicant agreed that the ESBWR does have FOAK testing
associated with the new design. The applicant identified the following FOAK tests:

. reactor precritical heatup with reactor water cleanup/shutdown cooling (RWCU/SDC)
. isolation condenser system (ICS) heatup and steady-state operations

. power maneuvering in the feedwater temperature operating domain

o load following

The applicant also added a new description of the power ascension test in DCD, Tier 2,
Section 14.2.8.2.35, and included this new information in Table 14.2-1. The applicant also
identified augmented FOAK tests in DCD, Tier 2, Sections 14.2.8.2.7and 14.2.8.2.11. The
applicant added these FOAK tests to DCD, Revision 5; therefore, this part of RAI 14.2-95 is
resolved.

The staff found that some preoperational test abstracts on new passive design systems in the
ESBWR design such as the gravity-driven cooling system (GDCS) and the passive containment
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cooling system (PCCS) are also FOAK tests. RAI 14.2-95 S01 requested that the applicant to
identify these test abstracts as FOAK tests in the ESBWR design.

In response to RAI 14.2-95 S01, the applicant added the following information in DCD, Tier 2,
Revision 5, Section 14.2.8.1.64:

The PCCS is a unique ESBWR design for passive containment cooling in post
accident conditions. The system consists of multiple loops or trains for
redundancy. The system will not have any special, one unit only, testing in
Subsection 14.2.8.2.35 and will not have any preoperational startup testing in
Subsection 14.2.8.2. All plants will perform a preoperational test in accordance
to this section.

The applicant also added the following information in DCD, Tier 2, Revision 5,
Section 14.2.8.1.65:

The GDCS is a unique ESBWR passive cooling system to provide gravity driven
flow into the vessel for emergency core cooling in LOCA conditions. This system
will not have any special, one unit only, testing in Subsection 14.2.8.2.35 and will
not have any operational startup testing in Subsection 14.2.8.2. All plants will
perform a preoperational test in accordance to this section.

The staff finds that the applicant adequately addressed these preoperational tests as unique
FOAK tests for the ESBWR design; therefore, RAI 14.2-95 S01 is resolved.

In RAI 14.2-101, the staff requested that the DC applicant to revise the DCD to classify the
following FOAK tests in Section 14.2 as Tier 2*:

14.2.8.2.35.1 Reactor Pre Critical Heatup with RWCU/SDC

14.2.8.2.35.2 ICS Heatup and Steady State Operation

14.2.8.2.35.3 Power Maneuvering In the FW Temperature Operating Domain
14.2.8.2.35.4 Load Maneuvering Capability

14.2.8.2.35.5 Defense-in-Depth Stability Solution Evaluation Test

In DCD, Section 14.2.8.2.35, Revision 6, the DCD applicant bracketed and italicized all of the
test abstracts in Section 14.2.8.2.35 to designate them as Tier 2*. Prior NRC approval is
required to change Tier 2* information. The staff found that this change was acceptable. See
Section 14.2.3.11 of this report for additional details.

14.2.3.9 Initial Fuel Loading and Initial Criticality

The staff reviewed the measures provided by the applicant that will be used during initial fuel
loading and initial criticality. RG 1.68 and SRP Section 14.2 provide general guidance on the
conduct of the ITP after the completion of preoperational testing. As stated in the regulatory
guidance, initial fuel loading and precritical tests ensure that (1) initial core loading is safe,

(2) provisions are in place to maintain shutdown margin, and (3) the facility is in a final state of
readiness to achieve criticality and perform low-power testing.

14-15



In DCD, Tier 2, Section 14.2.6, the applicant included provisions for pre-fuel-load checks, initial
fuel loading, precriticality, and initial criticality in accordance with RG 1.68 and SRP

Section 14.2. The staff noted that these provisions included TSs compliance, proper verification
of water level and chemistry, calibration and response of nuclear instrumentation, shutdown
margin verifications at predetermined intervals, and control rod functionality tests. These
controls are consistent with the regulatory positions in RG 1.68.

On the basis of the above review, the staff concluded that the ITP adequately addresses the
initial fuel loading and initial criticality testing and meets the associated guidance in RG 1.68 and
SRP Section 14.2. The initial startup testing description in Section 14.2.3.11 of this report offers
in more detail.

In RAI 14.2-36, the staff requested that the applicant list all tests in the table of contents. In its
response to RAI 14.2-36, the applicant agreed to revise the table of contents to list the
preoperational test procedures in Section 1.2.8.1 and the general description of startup tests in
Section 14.2.8.2. Therefore, RAIl 14.2-36 is resolved.

14.2.3.10 Preoperational Test Descriptions

In DCD, Tier 2, Section 14.2.8.1, the applicant provided 65 test abstracts for the preoperational
testing phase. For each of the preoperational test abstracts, the staff reviewed the test
description, purpose, prerequisites, general test acceptance criteria, and test methods to verify
conformance with the NRC regulatory guidance. The following is a list of the preoperational test
abstracts described in DCD, Tier 2, Section 14.2.8.1:

o 14.2.8.1.1 Nuclear Boiler System (NBS) Preoperational Test

o 14.2.8.1.2 Feedwater Control System (FWCS) Preoperational Test

. 14.2.8.1.3 Standby Liquid Control System (SLCS) Preoperational Test

. 14.2.8.1.4 Control Rod Drive (CRD) System Preoperational Test

. 14.2.8.1.5 Rod Control and Information System Preoperational Test

o 14.2.8.1.6 Safety System Logic and Control Preoperational Test

o 14.2.8.1.7 Distributed Control and Information System (DCIS) Preoperational Test

. 14.2.8.1.8 Leak Detection and Isolation System (LD&IS) Preoperational Test

o 14.2.8.1.9 Reactor Protection System (RPS) Preoperational Test

. 14.2.8.1.10 Neutron Monitoring System (NMS) Preoperational Test

. 14.2.8.1.11 Plant Automation System (PAS) Preoperational Test
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14.2.8.1.12

14.2.8.1.13

14.2.8.1.14

14.2.8.1.15

14.2.8.1.16

14.2.8.1.17

14.2.8.1.18

14.2.8.1.19

14.2.8.1.20

14.2.8.1.21

14.2.8.1.22

14.2.8.1.23

14.2.8.1.24

14.2.8.1.25

14.2.8.1.26

14.2.8.1.27

14.2.8.1.28

14.2.8.1.29

14.2.8.1.30

14.2.8.1.31

14.2.8.1.32

14.2.8.1.33

14.2.8.1.34

14.2.8.1.35

Remote Shutdown System Preoperational Test

RWCU Cooling System Preoperational Test

Fuel and Auxiliary Pools Cooling System (FAPCS) Preoperational Test

Process Sampling System Preoperational Test
Process Radiation Monitoring System Preoperational Test
Area Radiation Monitoring (ARM) System Preoperational Test

Containment Monitoring System (CMS) Preoperational Test

Instrument Air (IA) and Service Air (SA) Systems Preoperational Tests

High-Pressure Nitrogen Supply System Preoperational Test
Reactor Component Cooling Water System Preoperational Test
Makeup Water System Preoperational Test

Hot Water System Preoperational Test

Chilled Water System Preoperational Test

Heating, Ventilation, and Air Conditioning (HVAC) Systems
Preoperational Test

Containment Inerting System Preoperational Test

Containment Isolation Valve Leakage Rate Tests

Containment Penetration Leakage Rate Tests

Containment Airlock Leakage Rate Tests

Containment Integrated Leakage Rate Test

Containment Structural Integrity Test

Pressure Suppression Containment Bypass Leakage Tests
Containment Isolation Valve Functional and Closure Timing Tests
Wetwell-to-Drywell Vacuum Breaker System Preoperational Test

DC Power Supply System Preoperational Test
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14.2.8.1.36

14.2.8.1.37

14.2.8.1.38

14.2.8.1.39

14.2.8.1.40

14.2.8.1.41

14.2.8.1.42

14.2.8.1.44

14.2.8.1.45

14.2.8.1.46

14.2.8.1.47

14.2.8.1.48

14.2.8.1.49

14.2.8.1.50

14.2.8.1.51

14.2.8.1.52

14.2.8.1.53

14.2.8.1.54

14.2.8.1.55

14.2.8.1.56

14.2.8.1.57

14.2.8.1.58

14.2.8.1.59

14.2.8.1.60

AC Power Distribution System Preoperational Test

Standby Diesel Generator & AC Power System Preoperational Test
Plant Communications System Preoperational Test

Fire Protection System Preoperational Test

Radioactive Liquid Drainage and Transfer Systems Preoperational Tests
Fuel-Handling and Reactor Servicing Equipment Preoperational Test
Expansion, Vibration, and Dynamic Effects Preoperational Test
Condensate and Feedwater Systems (CFSs) Preoperational Test
Condensate Cleanup System Preoperational Test

Reactor Water Chemistry Control Systems Preoperational Test
Condenser Air Removal System Preoperational Test

Offgas System Preoperational Test

Condensate Storage and Transfer System Preoperational Test
Circulating Water System (CWS) Preoperational Test

Plant Service Water System (PSWS) Preoperational Test

Turbine Component Cooling Water System Preoperational Test
Main Turbine Control System (MTCS) Preoperational Test

Main Turbine Bypass System Preoperational Test

Steam Bypass and Pressure Control System Preoperational Test
Heater, Drain, and Vent System Preoperational Test

Extraction Steam System Preoperational Test

Moisture Separator Reheater System Preoperational Test

Main Turbine and Auxiliaries Preoperational Test

Main Generator and Auxiliary Systems Preoperational Test
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. 14.2.8.1.61 Seismic Monitoring System Preoperational Test

o 14.2.8.1.62 Liquid and Solid Radwaste Systems Preoperational Tests
o 14.2.8.1.63 ICS Preoperational Test

o 14.2.8.1.64 PCCS Preoperational Test

. 14.2.8.1.65 GDCS Preoperational Test

In comparing the ESBWR preoperational test program to the preoperational testing
recommended in Section 1, “Preoperational Testing,” of Appendix A to RG 1.68, the staff
identified several areas where it required additional information to complete its review. The
following sections discuss the specific issues.

14.2.3.10.1 Fire Protection System Preoperational Test

In RAI 14.2-4, the staff requested additional information about the fire protection system
preoperational test description in DCD, Tier 2, Section 14.2.8.1.39. The staff noted that fire
protection systems were to be designed, fabricated, and installed in accordance with the
applicable National Fire Protection Association (NFPA) standards, including requirements for
testing and inspection of installed systems and equipment. The staff noted that DCD, Tier 2,
Section 14.2.8.1.39 did not reflect these requirements. The staff also noted that the section did
not include acceptance criteria. The high-level acceptance criteria appropriate to a DCD should
have been included. Additionally, the staff noted that the preoperational tests and inspections
should also include the following to verify the proper functioning of fire protection features:

o verification of the integrity of fire barriers including penetration seals, fire doors, etc.

. verification of the correct location of fire protection equipment including sprinkler heads,
spray nozzles, detectors, hose stations, and portable extinguishers

In its response to RAI 14.2-4, the applicant stated that, as requested in the RAI, GEH will
expand DCD, Tier 2, Section 14.2.8.1.39, to include references to DCD, Tier 2, Section 9.5.1.1,
and Table 9.5-1, which include applicable NFPA standards and criteria. The applicant further
expanded Section 14.2.8.1.39 to include verification of proper installation of fire protection
system components, including fire barriers, penetration seals, and fire doors, per the design
basis in DCD, Tier 2, Section 9.5.1.1. The staff reviewed the test abstract in DCD, Tier 2,
Revision 3, Section 14.2.8.1.39 and determined that the revised text is responsive to the staff’s
concerns and is acceptable. Accordingly, the staff concludes that the fire protection system test
description follows the guidance in RG 1.68 and is, therefore, acceptable. Therefore,

RAIl 14.2-4 is resolved.

14.2.3.10.2 Feedwater Control System Preoperational Test

In RAI 14.2-5, the staff requested additional information regarding the FWCS preoperational test
description in “General Methods and Acceptance Criteria,” in DCD, Tier 2, Section 14.2.8.1.2.
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Section 1.J, “Instrumentation and Control Systems,” of Appendix A to RG 1.68 recommends the
testing of instrumentation and control systems that (1) control normal operation of the facility,
(2) provide information and alarms in the control room to monitor the operation and status of the
facility, (3) establish that the facility is operating within design and license limits, (4) permit or
support the operation of engineered safety features, and (5) monitor and record important
parameters during and following postulated accidents. In addition, Section 1.J of Appendix A to
RG 1.68 includes provisions to verify redundancy and electrical independence of this
instrumentation and control system. However, the staff noted that the preoperational test
description of the FWCS did not specifically include testing of the fault-tolerant digital controllers
(FTDCs), nor did it include verification of electrical independence and redundancy of the FWCS.

In its response to RAI 14.2-5, the applicant stated that the FTDC will be tested as part of the
FWCS factory acceptance tests (FAT) or preoperational tests. The applicant also stated that
Section 7.7.3.4, “Instrumentation and Control Systems,” of DCD, Tier 2 details the testing of the
FTDC. The applicant explained that redundancy and electrical independence of the FWCS will
be verified by preoperational tests as described in DCD, Tier 2, Sections 7.7.3.4 and 7.7.3.5. In
addition, the applicant provided the following specification in Section 14.2.8.1.2 to demonstrate
the testing of the FTDC for redundancy and electrical independence of the FWCS. The
specification states “Proper operation of instrumentation and controls in the required
combinations of logic and instrument channel trips, including verification of setpoints.”

The staff determined that the response did not address the concern that the FTDC and FWCS
electrical independence and redundancy would be included within the scope of preoperational
testing. In its response to RAI 14.2-5, Supplement 1, the applicant further address the staff’s
concerns. The applicant’s revised response clarified that as a prerequisite to verifying the
operation of the FWCS, FAT of FTDC features and requirements as described in

Sections 7.7.3.4 and 7.7.3.5 will have been successfully completed. The staff reviewed the
applicant’s response to RAI 14.2-5 and the test abstract in DCD, Tier 2, Revision 3,

Section 14.2.8.1.2. Based on these reviews, the staff determined that the revised text is
consistent with RG 1.68 and is acceptable. Accordingly, the staff concludes that the FWCS test
description follows the guidance in RG 1.68 and is, therefore, acceptable. Therefore,

RAI 14.2-5 is resolved.

14.2.3.10.3 Standby Liquid Control System Preoperational Test

In RAI 14.2-6, the staff requested additional information regarding the SLCS preoperational test
description in DCD, Tier 2, Section 14.2.8.1.3. Section 1.B, “Standby Liquid Control System
Tests,” of Appendix A to RG 1.68 recommends verification of redundancy and electrical
independence of the SLCS. Specifically, the staff noted that there was not a preoperational test
describing the verification of electrical independence and redundancy for the SLCS Class 1E
electrical system. Also, the staff noted the lack of information pertaining to testing of a heater
installed in the mixing drum.

In its, response to RAI 14.2-6, the applicant stated that redundancy and electrical
independence, as it applies to the ESBWR design, are associated with the squib valves, critical
instrumentation, and initiating logic channels and will be verified through inspection, analysis,
and/or preoperational tests as detailed in DCD, Tier 2, Section 7.4.1.3.3. The applicant also
stated that DCD, Tier 2, Section 14.2.8.1.3 covers testing to support the above statement as it
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calls for “Proper operation of instrumentation and equipment in the required combinations of
logic and instrument channel trip.” With respect to the testing of the mixing drum heater, the
applicant stated that DCD, Tier 2, Section 9.3.5.2 provides a detailed system description of the
heating requirements for the SLCS. Specifically, the DCD states that electrical heating of the
accumulator tank and the injection line is not necessary. The applicant also noted that the
SLCS heaters, air spargers, and heat tracing used in previous BWR designs to control and
maintain solution temperature have been eliminated.

The staff reviewed the applicant’s response to this RAl. The staff determined that the
operability testing of heaters, spargers, and heat tracing required in RG 1.68 is not applicable to
the ESBWR because these components do not exist in the ESBWR design. Also, the staff
determined that verification of redundancy and electrical independence, as described in DCD,
Tier 2, Section 7.4.1.3.3 meets the intent of RG 1.68 and is, therefore, adequate.

In the applicant’s response to RAIls 14.2-6 and 9.3-21, Supplement 1, the staff found that the
applicant added regulatory treatment of non-safety systems power supplies, plant investment
protection A and B buses, which supply power to two redundant electrical heaters used to
ensure that common-mode failure for heating the SLCS accumulator rooms does not occur. In
addition, the SLCS accumulator room temperature is monitored and alarmed when low.

Since the electrical heaters and the temperature alarms are needed to ensure operability of the
SLCS when the temperature falls below 60 °F, the staff requests additional information in DCD,
Tier 2, Section 14.2.8.1.3 to ensure that testing of the heaters and temperature alarms in both
SLCS accumulator rooms is performed to ensure that the SLCS remains operable in cold
weather. This is RAI 14.2-6, Supplement 1.

In its response to RAI 14.2-6, Supplement 1, the applicant agreed to add test requirements to
confirm the existence and functionality of the electrical room heaters for the SLCS accumulator
rooms. However, the addition of testing for the temperature alarms is deemed unnecessary
because this testing is covered by the third bullet in DCD, Tier 2, Section 14.2.8.1.3. The staff
determined that the preoperational test and the startup test in Section 14.2.8.2.34 for the SLCS
follows the guidance in SRP Section 14.2 and RG 1.68; therefore, it is acceptable. The applicant
added electrical heaters testing in DCD, Tier 2, Revision 5, Section 14.2.8.1.3; this resolves

RAI 14.2-6.

14.2.3.10.4 Control Rod Drive System Preoperational Test

In RAI 14.2-7, the staff requested additional information regarding the CRD system
preoperational test description in DCD, Tier 2, Section 14.2.8.1.4. Section 1.B, “Control Rod
Drive System Tests,” of Appendix A to RG 1.68 recommends testing to verify the correct failure
mode on loss of power for the CRD system. In reviewing the CRD system preoperational test
description, the staff noted that DCD, Tier 2, Section 14.2.8.1.4 did not include information
pertaining to this test.

In its response to RAI 14.2-7, the applicant stated that Section 2.2.2, “Control Rod Drive
System” and Table 2.2.2-1, “CRDS Functional Arrangement” of the ESBWR DCD, Tier 1,
describe the verification of the correct failure mode for the CRD system. The correct failure
mode will be verified in the normal course of the scram test in which loss of power to the scram
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solenoid pilot valves in the hydraulic control units (HCUs) cause the scram. The applicant also
stated that Section 14.2.8.1.4 enforces the described test in the specification, “Proper operation
of HCUs and associated valves.”

The staff determined that the RAI response did not fully address its concern because the
bulleted item did not provide assurance that the CRD test included testing to verify the correct
failure mode on loss of power. In addition, the staff determined that the test abstract in DCD,
Tier 2 did not adequately describe the required testing in accordance with RG 1.68. In its
response to RAI 14.2-7, Supplement 1, the applicant included a sentence clarifying that, as a
prerequisite to verifying the operation of the CRD system, factory quality control tests, functional
tests, and operational tests as described in Section 4.6.3 will have been successfully completed.

The staff reviewed the applicant’s response to this RAI and the test abstract in DCD, Tier 2,
Revision 3, Section 14.2.8.1.4. Based on these reviews, the staff determined that the revised
text is consistent with RG 1.68 and acceptable. Therefore, the staff determined that verification
of the correct failure mode on loss of power, as described in DCD, Tier 1, Section 2.2.2, meets
the intent of RG 1.68. In addition, the staff determined that the DCD revision clarifies the CRD
system testing. Therefore, RAI 14.2-7 is resolved.

In RAI 14.2-39, the staff noted that the test description of the CRD system did not clearly state
that the CRD high-pressure makeup mode of operation will be tested. This mode of operation
will be initiated by a low reactor water level 2 signal and the start of a standby pump, followed by
the automatic opening of the injection valves. The staff questioned the applicant about this
mode of operation and whether both CRD pumps will be tested.

In its response to RAI 14.2-39, the applicant stated that the high-pressure makeup mode of
operation will be tested, as indicated in the fifth item under “General Test Methods and
Acceptance Criteria,” in DCD, Tier 2, Section 14.2.8.1.4. The item reads, “Proper operation of
CRD makeup to reactor pressure vessel (RPV) on reactor low level signal.” The applicant also
stated that testing of this mode includes simultaneous operation of both CRD pumps to deliver
the required high-pressure makeup flow rate to the reactor.

The staff reviewed the applicant’s response to this RAI. On the basis that the CRD system
preoperational test includes the testing of the CRD high-pressure makeup mode of operation,
the staff determined that the CRD test description satisfies RG 1.68 requirements and is,
therefore, acceptable. Therefore, RAIl 14.2-39 is resolved.

14.2.3.10.5 Safety System Logic Control System Preoperational Test

In RAI 14.2-8, the staff requested additional information regarding the safety system logic
control (SSLC) system preoperational test description in DCD, Tier 2, Section 14.2.8.1.6. The
staff noted that Section 1.C, “Reactor Protection System and Engineered-Safety-Feature
Actuation (RPS/ESF) Systems,” of Appendix A to RG 1.68 recommends the testing of the
response time of each of the protection channels, including sensors. However, the staff
determined that the SSLC preoperational test description did not clearly explain testing of the
channel response time or sensor calibration and testing for the SSLC system channels and
Sensors.
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In response to RAI 14.2-8, the applicant stated that the response time and calibration/testing of
each of the safety-related channels (including sensors) would be performed as part of the
testing of the system with which they were associated. The applicant further stated that the
ESF comprises the GDCS, the automatic depressurization system (ADS), the PCCS, the ICS,
the SLCS, and the LD&IS.

To that end, ESF channel response times for the ICS, GDCS, and ADS will be tested in
accordance with DCD, Tier 2, Sections 14.2.8.1.63 ICS, 14.2.8.1.65 GDCS, and 14.2.8.1.1
ADS. For clarity, the applicant added to these sections the specification that the tests check for
“Acceptability of instrument channel response times, as measured from each applicable process
variable input signal to the applicable process actuator confirmation signal.”

The applicant stated that ESF channel response times for the LD&IS will be tested in
accordance with DCD, Tier 2, Section 14.2.8.1.8. For clarity, the applicant added to

Section 14.2.8.1.8 the specification that the tests check for “Acceptability of instrument channel
response times, as measured from each applicable process variable input signal to the
applicable process actuator confirmation signal.”

The applicant also stated that ESF channel response times for the SLCS will be tested in
accordance with DCD, Tier 2, Section 14.2.8.1.3. To clarify that channel response times will be
tested, the applicant added to Section 14.2.8.1.3 the specification “Acceptability of instrument
channel response times, as measured from each applicable process variable input signal to the
applicable process actuator confirmation signal.”

The applicant stated that the PCCS channel response time test was not applicable because the
PCCS does not rely on instrumentation to function. In addition, the applicant provided the
requirement for channel response time testing for the RPS in DCD, Tier 2, Section 14.2.8.1.9.
The applicant’s response clarifies the preoperational testing requirements for response time
testing of RPS/ESF systems and is acceptable. For the calibration of sensors, the applicant
stated that the RPS preoperational test description addresses such testing.

Also, the applicant added a new item in the LD&IS preoperational test description to address the
calibration of sensors. The applicant noted that, for the ICS, GDCS, and SLCS, the item “proper
operation of instrumentation and equipment in all combinations of logic and instrument channel
trip,” cited in DCD, Tier 2, Sections 14.2.8.1.63 ICS, 14.2.8.1.65 GDCS, and 14.2.8.1.3 SLCS
covers the calibration of sensors. The staff determined that this portion of the applicant’s
response was not responsive to the staff’'s concern because the phrase cited above did not
specify the calibration of sensors.

In its response to RAI 14.2-8, Supplement 1, the applicant noted that it had added the phrase
“Proper calibration of instrumentation” to in DCD, Tier 2, Sections 14.2.8.1.3, 14.2.8.1.63, and
14.2.8.1.65 The staff reviewed the test abstracts in Sections 14.2.8.1.1, 14.2.8.1.3, 14.2.8.1.8,
14.2.8.1.9, 14.2.8.1.63, and 14.2.8.1.65 of DCD, Tier 2, Revision 3, and determined that the
revised text provides reasonable assurance that the response time testing and sensor
calibration will be accomplished in these tests; therefore, the change is acceptable.
Accordingly, the staff concludes that the SSLC system test description follows the guidance in
RG 1.68 and is acceptable. Therefore, RAI 14.2-8 is resolved.
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In RAI 14.2-68, the staff requested additional information regarding the SSLC preoperational
test description in DCD, Tier 2, Section 14.2.8.1.6. The staff requested that the applicant
describe testing of the following design features:

. bypass interlocks and resulting indication
. “fail-safe” logic test for the RPS deenergization to trip
o a “fail-as-is” logic test for the ESF energization to trip

In its response to RAI 14.2-68, the applicant provided the following response to RAI 14.2-68:

The features suggested in the RAI are part of each individual safety-related
system, which are covered by SSLC, and they are being verified as a part of
those systems. RPS logic testing is described in Section 14.2.8.1.9.
Additionally, the following tests will be added to DCD, Tier 2,

Subsection 14.2.8.1.6:

o Verify proper operation of instrumentation and controls in appropriate design
combinations of logic and instrument channel trip;

e Verify bypass logic and bypass indications;

The ITAAC that will demonstrate conformance with “Operating Bypasses” and
“Maintenance Bypasses” (IEEE-603-1991, Safety System Criteria 6.6 and 7.4,
and 6.7 and 7.5) have been added to DCD, Tier 1, Subsection 2.2.15,

Tables 2.2.15-1, and 2.2.15-2.

The preoperational test descriptions provided are considered appropriate to
describe functional testing of logic that may be either fail-safe or fail-as-is.
Subsection 14.2.8 discusses the level of detail for the descriptions of each
preoperational test and the planned availability of the actual test procedures prior
to their intended use.

The applicant added the two bullets noted above in DCD, Tier 2, Revision 5, Section 14.2.8.1.6.
Therefore, RAI 14.2-68 is resolved.

In RAI 14.2-70, the staff requested additional information regarding DCD, Tier 2,

Section 14.2.8.1.6, “SSLC Preoperational Test.” Specifically, the staff asked the applicant to
include functional checks of the digital trip logic module (DTLM) and the safety system output
logic unit (OLU) as described by the appropriate design specification.

In its response to RAI 14.2-70, the applicant provided the following response to RAI 14.2-70:

The terms DTLM and OLU are typically used in the NUMAC platform and may
not be applicable to the SSLC. Without identifying specific components within an
instrument channel and division of logic, guidance will be updated in DCD, Tier 2,
Subsection 14.2.8.1.6, to test the instrumentation and controls in the appropriate
design combinations of logic and instrument channel trip. Terms such as digital
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trip modules/DTLM (i.e., signal comparator modules), voting logic units and OLU,
etc., are not called out specifically because their use and designation may vary
depending on the logic platform. This level of detail is addressed in the actual
test procedures. The factory acceptance test(s) and preoperational tests
(inclusive of the tests of individual systems) will thoroughly test that the logic
(whether) individual chassis or integrated logic (in a common controller), input
and output signals, operator interface and links to Non-Safety-Related Distributed
Control and Information System (N-DCIS) are functioning correctly.

Subsection 14.2.8 discusses the level of detail for the descriptions of each
preoperational test and the planned availability of the actual test procedures prior
to their intended use.

On the basis of the above, the applicant plans to add the following items to DCD, Tier 2,
Section 14.2.8.1.6, as noted in the applicant’s response to RAI 14.2-68:

. Verify proper operation of instrumentation and controls in appropriate
design combinations of logic and instrument channel trip; and

o Verify bypass logic and bypass indications.

The staff determined that the applicant’s response is unacceptable, since DCD, Tier 2,
Section 14.2.8.1.6 should identify the major functions. The identification of this information in
the test abstract is necessary to demonstrate that the RPS will perform its intended safety
functions.

In a follow-up response to RAI 14.2-70, the applicant stated that it does not plan to add design
details since this is a generic test plan with general test methods described in DCD, Tier 2,
Section 14.2.8.1.6. As discussed in the response, terms such as digital trip modules/DTLMs,
voting logic units, and OLUs are not called out because their use and designation may vary
depending on the logic platform. The actual test procedure addresses this level of detail. As
previously indicated in the response to RAI 14.2-70, GEH updated DCD, Tier 2,

Section 14.2.8.1.6 to specify that the test will do the following:

. Verify proper operation of instrumentation and controls in appropriate
design combinations of logic and instrument channel trip.

The NRC will have access to the detailed preoperational tests as part of the design
implementation process. Therefore, whether the applicant uses modules or controllers, the
associated function is tested. On the basis of the response above and COL Information
Item 14.2.3-A, the NRC inspectors will inspect the Licensee’s preoperational test procedures
60 days before their intended use.

However, the NRC staff determined that, regardless of whether the Licensee uses modules or
controllers in the SSLC, the DC applicant should describe the SSLC major functions that will be
tested in DCD Preoperational Test Section 14.2.8.1.6. Regardless of logic platform, the DC
applicant should describe the SSLC sensor calibration and testing. In accordance with RG 1.68
and SRP Section14.2, the DC applicant should include testing of the channel response time or
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sensor calibration and testing for the SSLC system channels and sensors in the SSLC
preoperational test description. RAl 14.2-70, Supplement 1 was being tracked as an open item
in the SER with open items.

In its response to RAI 14.2-70 Supplement 1, the DC applicant stated the following:

The Safety System Logic and Control Engineered Safety Feature (SSLC/ESF) must
satisfy Inspections, Tests, Analyses and Acceptance Criteria (ITAAC) and software
management planned testing as part of implementation and installation. This means
that testing that might otherwise be considered SSLC/ESF preoperational testing is
already completed during the implementation and installation phases of the SSLC/ESF
construction. Therefore, the only SSLC/ESF preoperational activities remaining involve
the clearing of any SSLC/ESF system diagnostic alarms and any other site-specific
testing determined to be necessary. Other systems’ preoperational testing require a
functional SSLC/ESF and upon their completion further indicate a fully functional
SSLC/ESF.

Detail sufficient to conclude that adequate SSLC/ESF testing has been performed prior
to preoperational and startup testing is, therefore, part of the SSLC/ESF ITAAC and
software management planned testing documentation. The "General Test Methods and
Acceptance Criteria" does not cover details of the SAT because they are part of the
Software Quality Assurance Program (SQAP) documentation. The NRC will have
access to the detailed test/acceptance records as part of the design implementation
process. Subsection 14.2.8.1.6 will be revised to include this detail.

DCD, Tier 2, Subsection 7.2.1.4.2 is an example of the specific types of SSLC/ESF tests
performed during operation that verify proper operation of instrumentation and controls
in appropriate design combinations of logic and instrument channel trips, including
channel response time or sensor calibration and testing. These types of tests are
performed prior to operation in the preoperational test phase also.

The DC applicant added the following information to DCD, Subsection 14.2.8.1.6, “Purpose:”

The objective of this test is to verify proper operation of the Safety System Logic and
Control Engineered Safety Feature (SSLC/ESF) and the safety—related distributed
control and information system (Q-DCIS) and N-DCIS plant DCIS indicated in
Subsection 14.2.8.1.7. Proper functioning of the DCIS includes those functions utilized
for the preoperational testing and the aggregate plant systems.

The DC applicant also added the following information to DCD, Subsection 14.2.8.1.6,
“’Prerequisites:”

Because the SSLC/ESF must be functional for utilization in the preoperational testing of
other systems, SSLC/ESF testing is completed during the implementation and
installation phases of construction. The SSLC/ESF implementation and installation
testing includes adhering to the commitments of the software development process (see
Subsection 14.3.3.2). The commitments of the software plans include such testing as
FAT and SAT. That which is not tested during the FAT, that which could change in
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transit, or that which is otherwise determined to need testing at the site is tested during
the SAT.

The applicant added the information noted above to DCD, Tier 2, Revision 6, Section 14.2.8.1.6.
Therefore, RAI 14.2-70, Supplement 1, is resolved.

14.2.3.10.6 Distributed Control and Information System (DCIS) Preoperational Test

The staff noticed that in DCD, Section 14.2.8.1.7, “DCIS Preoperational Test,” the description of
the preoperational testing for DCIS is incomplete in that it does not provide sufficient detail to
conclude that adequate system testing will be performed.

In RAI 14.2-99 the staff indicated that in DCD, Section 14.2.8.1.7, the “Prerequistes” section, the
DCD should clarify that construction tests that includes DCIS FAT and the ITAAC commitment
tests have been successfully completed.

The staff further indicated in RAI 14.2-99, that DCD, Section 14.2.8.1.7 should describe the
following elements in the “General Test Methods and Acceptance Criteria.” After DCIS
installation: (1) Conduct of the site acceptance test (SAT) shall include both Q-DCIS and
N-DCIS; (2) The SAT shall test all DCIS functions and capabilities as specified in the Technical
Design Specification (major elements identified in the life-cycle phase summary baseline review
record) of the DCIS. The following items should be considered during the DCIS preoperational
tests:

(1) Video display unit (VDU) performance,

(2) Database capacity,

(3) All spare requirements,

(4) Cyber security aspects,

(5) Redundancy features of controllers,

(6) Power supplies,

(7) Data communications and interface requirements, etc;

(8) The system loop test shall be conducted for each Input/Output (I/O) by connecting all
field devices to the DCIS I/O terminals,

(9) The system control logic and man-machine interface design features shall be tested.
In its response to RAI 14.2-99, the DC applicant stated the following:
Chapter 14 of the ESBWR DCD covers preoperational and startup testing.

Preoperational testing follows completion of construction (and construction-related)
inspections, tests, and acceptance and takes place before fuel is loaded. Startup testing
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takes place during and after fuel loading. Detail sufficient to conclude that adequate
DCIS testing has been performed prior to preoperational and startup testing is, therefore,
not included in Chapter 14.

Construction and preoperational testing concepts for the DCIS differ from other systems
in that the DCIS must be functional before many other preoperational tests can begin.
The DCIS must therefore be installed and shown to be working acceptably during
construction, the implementation and installation phases.

The DCIS must satisfy ITAAC and software management planned testing as part of
implementation and installation. This means that testing that might otherwise be
considered DCIS preoperational testing is already completed during the implementation
and installation phases (of the DCIS construction). Therefore, the only DCIS
preoperational tests remaining involve the clearing of any DCIS system diagnostic
alarms and any other site-specific testing determined to be necessary. Other systems’
preoperational testing turnover packages require a functional DCIS and upon their
completion further indicate a fully functional DCIS.

Detail sufficient to conclude that adequate DCIS testing has been performed prior to
preoperational and startup testing is, therefore, part of the ITAAC and software
management planned testing documentation. The NRC will have access to the detailed
test/acceptance records as part of the design implementation process.

The "General Test Methods and Acceptance Criteria" does not cover details of the SAT
because they are part of the SQAP documentation.

The DCIS system control logic and man-machine interface design features are tested as
part of the other systems’ testing and testing committed to in the software plans. Details
on software plan tests will be in test plans developed through implementation of the
Software Management Program and SQAP and include, but are not limited to, the
following.

(1) VDU performance,

(2) Database capacity,

(3) All spare requirements,

(4) Cyber security aspects,

(5) Redundancy features of controllers,

(6) Power supplies,

(7) Data communications and interface requirements, etc.

The system loop testing is satisfied for each I/O through the testing of each system that
makes up the DCIS.

Based on the response above, the DC applicant committed to making the following revision to
DCD, Section 14.2.8.1.7:

Purpose
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The object of this testing is to verify proper functioning of both the safety-related (Q-DCIS)
and non-safety-related (N-DCIS) plant DCIS. Proper functioning of the DCIS include those
functions utilized for the preoperational testing of the aggregate plant systems.

Prerequisites

Since the DCIS must be functional for utilization in the preoperational testing of other
systems, DCIS testing is completed during the implementation and installation of phases of
construction. The DCIS implementation and installation testing includes adhering to the
commitments of the software plans (see Subsection 14.3.3.2). The commitments of the
software plans include such testing as FAT, that which could change in transit, or that
which is otherwise determined to need testing at the site is tested during the Site
Acceptance Test.

DCIS construction tests have been successfully completed and the SCG has both
reviewed test procedures and approved the initiation of testing. The required AC and DC
electrical power sources shall be operational and the appropriate interfacing systems shall
be available as required to support the specified testing.

General Test Methods and Acceptance Criteria
The testing of the following:
) Verify that all DCIS diagnostic alarms have been resolved, cleared, and

documented as such or have been documented for later resolution during
individual/specific systems preoperational testing.

The applicant added the above information to DCD, Tier 2, Section 14.2.8.1.7, Revision 6.
Therefore, RAI 14.2-99 is resolved.

14.2.3.10.7 Leak Detection and Isolation System Preoperational Test

In RAI 14.2-9, the staff requested additional information regarding the LD&IS preoperational test
description in DCD, Tier 2, Section 14.2.8.1.8. Section 1.J of Appendix A to RG 1.68
recommends testing of instrumentation and control systems that permit or support the operation
of ESFs. In reviewing the LD&IS preoperational test description, the staff determined that the
test description did not address testing for the following manual control functions:

actuation of each main steam isolation valve (MSIV) test switch

MSIV isolation switches

MSIV logic reset

RWCU/SDC isolation switch

containment isolation manual switch

containment isolation logic reset

reactor building heating, ventilation, and air conditioning (HVAC) isolation
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In its response to RAI 14.2-9, the applicant stated that the test description of Section 14.2.8.1.8
included the preoperational tests of all of the test switches, manual switches, isolation switches,
and logic resets for the LD&IS. This testing is covered in the specification “Proper operation of
instrumentation and controls in all combinations of logic and instrument channel trip.” The staff
reviewed the applicant’s response to this RAIL. On the basis that the LD&IS will be tested in
conjunction with the manual control functions detailed above as part of the overall containment
isolation and main steamline isolation initiation logic, the staff determined that the LD&IS test
description satisfies RG 1.68 and is, therefore, adequate. Therefore, RAI 14.2-9 is resolved.

In RAI 14.2-73, the staff requested additional information on DCD, Tier 2, Section 14.2.8.1.8,
“‘LD&IS Preoperational Test,” regarding information necessary to identify the interfacing
functions and systems that must be available. These include the following:

. drywell pressure signals, or simulated, from the RPS
. the reactor mode switch signals from the RPS
. the interlock from the RPS bypassing the MSIV isolation when not in the “RUN” mode

In its response to RAI 14.2-73, applicant stated the following:

ESBWR DCD, Tier 2, Revision 3, Subsection 14.2.8.1.8, 5th bullet requires the
LD&IS Preoperational Test to demonstrate “Proper interface with related systems
in regard to the input and output of leak detection indications and isolation
initiation commands.” These indications include: the Drywell pressure signals,
or simulated signals from the RPS; and the reactor mode switch signals from the
RPS. Also, the 6 bullet of Subsection 14.2.8.1.8 “Proper operation of bypass
switches and related logic” includes the interlock from the RPS bypassing the
MSIV when not in “RUN” mode. The LD&IS interfacing diagram is provided in
Figure 7.3-3.

However, the applicant does not plan to add information to DCD, Tier 2, Section 14.2.8.1.8. In a
supplemental RAI, the staff requested that the applicant describe, under the LD&IS
preoperational test methods and acceptance criteria, the LD&IS component functions that can
be tested during this test phase and the acceptance criteria that must be met to demonstrate
that the LD&IS meets its design basis. In addition, the staff requested that the applicant revise
DCD, Tier 2, Section 14.2.8.1.8 to include the testing of instrumentation and control systems for
LD&IS in accordance with RG 1.68, Appendix A, Item J, “Instrumentation & Control Systems,”
Items (1) through (25).

In a follow-up response to RAIl 14.2-73, the applicant stated the following:

The operation of the LD&IS functional logic is demonstrated during a series of
overlapping preoperational tests. As indicated in the GEH response to

RAI 14.2-73, DCD, Subsection 14.2.8.1.8 (5 and 6 bullets) performs the
applicable preoperational tests requested by the NRC RAI. LD&IS controls,
interlocks and bypasses are also verified through LD&IS ITAAC No. 4, DCD,
Tier 1, Table 2.2.12.5. The LD&IS and RPS controls, interlocks and bypasses
are described in DCD, Tier 1, Table 2.2.12-4 and 2.2.7-3, respectively.
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On the basis of the above response and COL Information ltem 14.2.2-A, NRC inspectors will
inspect the Licensee LD&IS and RPS preoperational test procedures 60 days before their
intended use.

However, in RAI 14.2-73,Supplement 1, the staff asked the DC applicant to describe the major
functions in DCD Preoperational Test Section 14.2.8.1.8, including LD&IS controls, interlocks
and bypasses that are verified in the LD&IS ITAAC. This includes the major LD&IS and RPS
control, interlock and bypass functions described in Tables 2.2.7-3, 2.2.12-4, and 2.2.12-5.
RAI 14.2-73 S01 was being tracked as an open item in the SER with open items.

To address RAI 14.2-73, Supplement 1, the DC applicant added the following information to
DCD “Purpose” under Section 14.2.8.1.8.

The objective of this test is to verify proper response and operation of the LD&IS logic,
the safety-related (Q-DCIS) and non-safety-related (N-DCIS) plant DCIS, indicated in
Subsection 14.2.8.1.7. Proper functioning of the DCIS includes those functions utilized
for the preoperational testing of the aggregate plant systems.

The DC applicant also added the following information to the “Prerequisites” section:

Since the RPS and SSLC/ESF must be functional for utilization in the preoperational
testing of other systems, LD&IS testing is completed during the implementation and
installation phases of construction. The RPS and SSLC/ESF implementation and
installation testing includes adhering to the commitments of the software plans (see
Subsection 14.3.3.2). The commitments of the software plans include such testing as
FAT and Site Acceptance Tests (SAT). That which is not tested during the FAT, that
which could change in transit, or that which is otherwise determined to need testing at
the site is tested during the SAT.

The applicant added the above information to DCD, Tier 2, Subsection 14.2.8.1.8, Revision 6.
Therefore, RAI 14.2-73 S01 is resolved.

14.2.3.10.8 Neutron Monitoring System Preoperational Test

In RAI 14.2-74, the staff requested additional information regarding the NMS preoperational test
description in DCD, Tier 2, Section 14.2.8.1.10. Specifically, the staff requested that the
applicant describe preoperational testing of the thermometer system and calibration of any local
power range monitors (LPRMs) in the “Prerequisite” section.

In its response RAI 14.2-74, the applicant stated following:

DCD, Tier 2, Subsection 14.2.8.1.10, notes the prerequisite that the Startup
Range Neutron Monitor (SRNM) and Power Range Neutron Monitor (PRNM)
components have been calibrated per vendor instructions. The “Prerequisites”
paragraph also notes that “required interfacing systems shall be available, as
needed, to support the specified testing.” The Automated Fixed In-core Probe
(AFIP) subsystem is such a required interfacing system. The AFIP and LPRM
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sensors are contained within the LPRM assemblies, which are part of the PRNM
subsystem. This prerequisite ensures that the AFIP detectors (gamma
thermometers (GTs)) and the LPRMs will be pre-calibrated prior to in-situ
preoperational testing.

Section 14.2.8.1.10, “General Test Methods and Acceptance Criteria” also notes
that the following shall be demonstrated:

o Proper operation of detectors and associated cabling, preamplifiers, and
power supplies;

o Proper operation of system and subsystem self-test diagnostic and
calibration functions; and

o The ability to communicate and interface between appropriate plant
systems and NMS subsystems.

These three items ensure that the AFIP detectors and the LPRMs will be
calibrated during preoperational testing, including demonstration of the
communications interfaces between the AFIP subsystem and the NMS. The
LPRMs cannot be calibrated in-situ without the use of the AFIP subsystem.

The final calibration of the GTs and the application of GT calibration factors to the
LPRMs can be accomplished only during reactor operation during startup and
power testing.

The applicant did not revise DCD, Tier 2, Section 14.2.8.1.10 in response to this RAIl. However,
the staff determined that this response clarifies the testing requirements and is acceptable.
Therefore, RAI 14.2-74 is resolved.

In RAI 14.2-75, the staff requested additional information regarding the NMS preoperational test
description contained in DCD, Tier 2, Section 14.2.8.1.10. Specifically, the staff asked the
applicant to provide additional details on the subsystems and the specific tests involved, such
as the following:

. verification of rod block monitor input matrix and trip output for correct functions

. verification of the oscillation power range monitor (OPRM) instrumentation for correct
trip, alarm, and bypass functions

In its response to RAI 14.2-75, the applicant stated the following:

DCD, Tier 2, Subsection 14.2.8.1.10, notes the prerequisite that the PRNM
“‘components have been calibrated per vendor instructions.” The “Prerequisites”
paragraph also notes that “required interfacing systems shall be available, as
needed, to support the specified testing.” The OPRM algorithms and tables are
contained completely within the PRNM subsystem, and the Multichannel Rod
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Block Monitor (MRBM) subsystem is a required interfacing system. This
prerequisite ensures that all of the PRNM, including the OPRM functions and the
MRBM functions and interfaces, will be subjected to in-situ preoperational
testing.

DCD, Tier 2, Subsection 14.2.8.1.10, “General Test Methods and Acceptance
Criteria,” also notes that the following shall be demonstrated:

o Proper operation including rod block.

. Proper functioning of instrumentation, displays, alarms, and
annunciators used to monitor system operation and status;

o The ability to communicate and interface between appropriate plant
systems and NMS subsystems.

These three items ensure that the OPRM and MRBM functions and software
tables will be verified prior to and during preoperational testing, including
demonstration of the communications interfaces between the MRBM subsystem
and the NMS.

In accordance with DCD, Tier 2, Subsections 7.2.2.2.7.4 and 7.2.2.2.7.5, the
OPRM alarms and trips are bypassed in all reactor operation modes except run
and when operating below the required power level (typically 30 percent).
Therefore, the final checks of OPRM functions can be accomplished only during
reactor operation during preoperational testing.

The staff determined that this response clarifies the testing requirements and is acceptable.
Therefore, RAI 14.2-75 is resolved.

14.2.3.10.9 Plant Automation System Preoperational Test

In RAI 14.2-76, the staff requested additional information regarding the PAS preoperational test
description in DCD, Tier 2, Section 14.2.8.1.11. The staff asked the applicant to provide
additional detail about the tests involved; examples include the following:

° For redundant controllers, tests would be done to confirm response to simulated
controller failures.

. The capability of the PAS to automatically decouple from plant control and revert to plant
operation in manual mode.

In its response to RAI 14.2-76, the applicant indicated that it would make no changes to DCD,
Tier 2, Section 14.2.8.1.11. The staff determined that without the additional information on
these tests in DCD, Tier 2, Section 14.2.8.1.11, under the PAS preoperational test methods and
acceptance criteria, it was not clear that testing of the PAS would include all of the functions
required to demonstrate that the system acceptance criteria will be met to satisfy design-basis
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requirements. DCD, Tier 2, Section 14.2.8.1.11 should include testing of instrumentation
and control systems for PAS in accordance with RG 1.68, Appendix A, ltem J, items (1)
through (25).

The applicant stated that the PAS is a non-safety-related system that does not perform or
ensure any safety-related function and is not required to achieve or maintain safe shutdown.
The PAS is non-safety-related and has no safety design basis.

The applicant also stated that specific testing to be performed and the applicable acceptance
criteria for each preoperational test are documented in test procedures to be made available to
the NRC approximately 60 days before their intended use and are in accordance with the
system specification and associated equipment specifications. These tests will demonstrate
that the installed equipment and systems perform within the limits of these specifications.
Therefore, DCD, Tier 2, Section 14.2.8.1.11 does not require revision.

On the basis of this response and COL Information ltem 14.2.2-A, NRC inspectors will inspect
the Licensee’s PAS preoperational test procedures 60 days before their intended use.
Therefore, RAI 14.2-76 is resolved.

14.2.3.10.10 Remote Shutdown System Preoperational Test

In RAI 14.2-10, the staff requested additional information regarding the remote shutdown
system (RSS) preoperational test description in DCD, Tier 2, Section 14.2.8.1.12. Section 1.J of
Appendix A to RG 1.68 recommends the testing of instrumentation and controls used for
shutdown from outside the control room. In reviewing the preoperational test description of the
RSS, the staff determined that DCD, Tier 2, Section 14.2.8.1.12 did not clearly describe the
testing to demonstrate proper operation of individual systems and equipment when operated
from the remote shutdown panel.

In its response to RAI 14.2-10, the applicant stated that factory and preoperational tests will be
performed to demonstrate the proper functioning of the control and instrumentation associated
with the RSS panel. To this end, the applicant revised Section 14.2.8.1.12 to include verification
of RSS switches and override of main control room (MCR) functions during the performance of
factory and preoperational tests. The staff reviewed the applicant’s response to this RAI.

Based on this review, the staff determined that the revised text clarifies the RSS testing
requirements in DCD, Tier 2, Revision 3, Section 14.2.8.1.12. Accordingly, the staff concludes
that the RSS test description follows the guidance in RG 1.68 and is acceptable. Therefore,

RAI 14.2-10 is resolved.

14.2.3.10.11 Fuel and Auxiliary Pools Cooling System Preoperational Test

In RAI 14.2-11, the staff requested additional information regarding the FAPCS preoperational
test description in DCD, Tier 2, Section 14.2.8.1.14. Section 1.M, “Fuel Storage and Handling
Systems,” of Appendix A to RG 1.68 recommends the testing of equipment and components
used to handle or cool irradiated and nonirradiated fuel. In accordance with RG 1.68, the
preoperational test description should also include verification of redundancy and electrical
independence. In reviewing the FAPCS test description, the staff determined that DCD, Tier 2,
Section 14.2.8.1.14 did not have provisions for verifying electrical independence and

14-34



redundancy. In addition, the staff noted that the FAPCS has eight modes of operation. Each of
these modes requires a different flow path to achieve the design pool cleaning and cooling
functions of the FAPCS. The FAPCS test description did not include provisions for testing these
modes of operation.

In its response to RAI 14.2-11, the applicant stated that factory and preoperational tests will be
performed to demonstrate the proper functioning of the control and instrumentation associated
with the FAPCS and will include verification of redundancy and electrical independence of the
safety-related instrumentation. The applicant also stated that tests will be performed for all
modes of operation. To that end, the applicant revised DCD, Tier 2, Section 14.2.8.1.14 to
include the above testing.

The staff reviewed the applicant’s response to this RAI and the test abstract in DCD, Tier 2,
Revision 3, Section 14.2.8.1.14. Based on this review, the staff determined that the revised text
describes the necessary provisions for testing the FAPCS. Accordingly, the staff concludes that
the FAPCS test description follows the guidance in RG 1.68 and is acceptable. Therefore,

RAI 14.2-11 is resolved.

14.2.3.10.12 Area Radiation Monitoring System Preoperational Test

In RAI 14.2-12, the staff requested additional information regarding the ARM system
preoperational test description in DCD, Tier 2, Section 14.2.8.1.17. Section 1.K, “Radiation
Protection Systems,” of Appendix A to RG 1.68 recommends the testing of the equipment and
components used to monitor or measure radiation levels. In accordance with RG 1.68, the
preoperational test description should also include testing to verify redundancy and electrical
independence. However, the staff determined that DCD, Tier 2, Section 14.2.8.1.17 did not
clearly describe the provisions for verifying electrical independence and redundancy during the
preoperational testing of the ARM system.

In its response to RAI 14.2-12, the applicant stated that DCD, Tier 1, Table 2.3.2-1, “ITAAC for
the Area Radiation Monitoring System,” provided preoperational testing information for the ARM
system. The applicant also stated that redundancy at the monitor level was not required
because the ARM system does not have a safety-related function. The applicant noted that the
fail-safe design will initiate a local alarm and an alarm in the MCR on interruption of power,
component failure, or loss of signal. The applicant revised DCD, Tier 2, Section 14.2.8.1.17 to
add the following to the ARM preoperational test description:

Proper functioning following power interruption to each ARM monitor, including
appropriate local and MCR alarms has no affect on the functionality of other ARM
monitors.

The staff reviewed the applicant’s response to this RAI. The staff verified this change in DCD,
Tier 2, Revision 3, Section 14.2.8.1.17 and determined that the revised text addresses the
staff’s concern. Accordingly, the staff concludes that the revised ARM system test description
noted above follows the guidance in RG 1.68 and is acceptable. Therefore, RAI 14.2-12 is
resolved.

In RAI 14.2-92, the staff requested additional information regarding which ARM monitors listed
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in DCD, Tier 1, Revision 4, and Table 2.3.2-1 have associated system trips. The staff asked the
applicant to describe, for each radiation monitor that has an associated system trip, the purpose
and function of the associated system trip.

In its response to RAI 14.2-92, the applicant stated that since the ARM system is non-safety-
related and is for alarm and indication only, it does not provide any trip or interlock to external
devices. The applicant revised DCD, Tier 2, Revision 5, Section 14.2.8.1.17, to replace the
word “trips” with the words “indications and alarms are observed.” Therefore, RAI 14.2-92 is
resolved.

14.2.3.10.13 Containment Monitoring System Preoperational Test
In RAI 14.2-77, the staff requested additional information regarding the CMS preoperational
test. Specifically, the staff requested that Section 14.2.8.1.18 of DCD, Tier 2 provide

information on the tests involved.

In its response to RAI 14.2-77, the applicant stated that under “General Test Methods and
Acceptance Criteria” in DCD, Tier 2, Section 14.2.8.1.18, it will add the following items:

o Proper operation of heat tracing and self-regulating functions used in
each H2/02 sampile line;

o Proper operation of logic and bypass functions;
o Proper operation of oxygen and hydrogen analyzers per manufacturer’s
instructions

The applicant added this information in DCD, Tier 2, Revision 5, Section 14.2.8.1.18, thereby
resolving RAI 14.2-77.

In RAI 14.2-93, the staff requested additional information regarding the description of the
purpose/function of the system trip associated with the subsystem of the CMS that monitors
radiation levels in containment.

In its response 14.2-93, the applicant stated that the portion of the CMS subsystem monitoring
gamma radiation levels in the containment is non-safety-related and is provided for alarm and
indication only. Therefore, this subsystem does not provide trips or interlocks for external
devices. The applicant added this information in DCD, Tier 2, Revision 5, Section 14.2.8.18, as
it replaced the words “system trips” with the words “indication and alarm” and specified that this
acceptance criterion applies to the containment radiation and atmospheric monitoring
subsystems. Therefore, RAI 14.2-93 is resolved.

14.2.3.10.14 Instrument Air and Service Air Systems Preoperational Test
In RAI 14.2-13, the staff requested additional information regarding the IA and SA systems

preoperational test descriptions in DCD, Tier 2, Section 14.2.8.1.19. Section 1.N, “Auxiliary and
Miscellaneous Systems,” of Appendix A to RG 1.68 recommends the testing of the compressed
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gas systems that are used to support normal operation of the facility or are essential for the
operation of standby safety equipment or ESFs. In accordance with RG 1.68, the test program
should also include verification of redundancy and electrical independence of the compressed
gas system. RG 1.68.3, “Preoperational Testing of Instrument and Control Air Systems,” issued
April 1982, provides guidance for conducting preoperational testing of the instrument and
control air systems. Specifically, Regulatory Position 9 of RG 1.68.3 calls for tests to
demonstrate that air supplies such as the SA supply would not be inadvertently tied into the 1A
system. In reviewing the preoperational test description for the IA and SA systems, the staff
noted that the test descriptions did not include provisions for verifying electrical independence
and redundancy, nor did they include provisions to demonstrate that the air systems could not
be inadvertently interconnected.

In its response to RAI 14.2-13, the applicant stated that the IA and SA systems are non-safety-
related and, therefore, not required to have redundancy and electrical independence to support
the safety design basis of the plant. The applicant added that the IA and SA systems are
designed with redundant compressors in each system and are powered from separate buses,
thus providing electrical independence. In addition, the applicant stated that preoperational
tests will be performed to ensure that the backup compressors in each system start as expected
from their assigned power buses. DCD, Tier 2, Section 14.2.8.1.19 reflected this in the items
“Proper operation of instrumentation and equipment in all combinations of logic and instrument
channel trip,” “Proper operation of compressors and motors in all design operating modes,” and
“Ability of compressor(s) to maintain receiver at specified pressure(s) and to recharge within
specified time under design loading conditions.”

Regarding provisions to demonstrate that both air systems cannot be inadvertently

interconnected, the applicant stated that inadvertent interconnection between the IA and SA
systems will be verified during preoperational testing, as described by items in
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Section 14.2.8.1.19 requiring “Proper operation of instrumentation and equipment in all
combinations of logic and instrument channel trip” and “Ability of the SAS to act as backup to
the IAS.”

The staff reviewed the applicant’s response to this RAI. On the basis that the IA and SA
systems will be tested against the requirements delineated in RG 1.68 and RG 1.68.3, including
verification of redundancy, electrical independence, and inadvertent operation of both systems,
the staff determined that the 1A and SA system preoperational test description satisfies RG 1.68
and is acceptable. Therefore, RAI 14.2-13 is resolved.

14.2.3.10.15 Expansion, Vibration, and Dynamic Effects Preoperational Test

In RAI 14.2-24, the staff asked the applicant to discuss the expansion, vibration, and dynamic
effects for conformance with RG 1.68, RG 1.56, RG 1.128, and RG 1.136 and to justify
exceptions to RG positions. The staff also referred the applicant to RG 1.20, “Comprehensive
Vibration Assessment Program for Reactor Internals During Preoperational and Initial Startup
Testing,” Revision 3, issued March 2007, for vibration assessment program guidance for reactor
internals and potential adverse flow effects in steam and feedwater systems.

In its response to RAI 14.2-24, the applicant stated, in part:

With regard to compliance with RG 1.68 relative to thermal expansion, vibration
and dynamic effects for the preoperational test program, DCD, Tier 2,
Subsections 3.9.2.1.1 and 3.9.2.1.2 have been revised to specifically address
compliance with this regulation and other industry standards with respect to
safety-related piping. The test program conformance with RG 1.68 is described
in DCD, Tier 2, Subsection 14.2.8.1, and Preoperational Test Procedures.
Where applicable, the Test Acceptance Criteria for the thermal expansion,
vibration and dynamic effects for the preoperational and/or startup tests will also
meet the requirements of the other RGs 1.56 and 1.128. RG 1.136 will not be
listed in Chapter 14 of the DCD because it is not applicable and is referenced in
Subsection 3.8.1.6. In addition, the development of the test criteria will require
consideration of the potential adverse flow effects on piping systems
recommended in RG 1.20, and in SRP Section 3.9.2 and SRP Section 3.9.5.

RG 1.68, 1.56, and 1.20 have been referenced in DCD, Tier 2, Subsection 14.2.3
(Titled: Test Program’s Conformance with Regulatory Guides). No exceptions to
the regulatory positions in the applicable RGs are being requested by GEH.

Based on the applicant’s response and the changes noted to DCD, Tier 2, Revision 4,

Section 14.2.3, the staff finds that the applicant provided sufficient information on conformance
to RGs; therefore, RAI 14.2-24 is partially resolved for preoperational tests. The staff issued a
supplement, RAI 14.2-24 S01 that addresses staff’'s concerns regarding vibration tests at power.
Section 14.2.3.11.8 of this report discusses RAI 14.2-24 S01.

14.2.3.10.16 Nuclear Boiler System Preoperational Test

In RAI 14.2-40, the staff requested additional information regarding the NBS preoperational test
description in DCD, Tier 2, Section 14.2.8.1.1. The staff determined that DCD, Tier 2,
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Section 14.2.8.1.1 did not clearly specify provisions to verify whether the depressurization valve
(DPV) tests had been completed.

In its response to RAI 14.2-40, the applicant stated that the manufacturer of the DPV wiill
perform DPV engineering development and operability tests. In addition, the applicant stated
that it will revise the prerequisites portion of Section 14.2.8.1.1 to denote the completion of such
testing. GEH confirmed that it will revise the DCD to include the previously completed DPV
engineering development and operability tests in the interest of document completeness. The
staff reviewed the test abstract in DCD, Tier 2, Revision 3, Section 14.2.8.1.1 and determined
that the revised text clarifies DPV testing requirements. Accordingly, the staff concludes that
the NBS test description follows the guidance in RG 1.68 and is acceptable. Therefore,

RAI 14.2-40 is resolved.

14.2.3.10.17 Gravity-Driven Cooling System Preoperational Test

In RAI 14.2-41, the staff requested additional information regarding the GDCS preoperational
test description in DCD, Tier 2, Section 14.2.8.1.65. The staff asked the applicant to provide
information on test setup conditions (e.g., vessel and dry well pressures) and limiting conditions
that will be considered in the tests. In addition, the staff asked whether GDCS testing will be
performed with installed check valves and squib valves.

In its response to RAI 14.2-41, the applicant stated that DCD, Tier 1, Table 2.4.2-1, “ITAAC for
the Gravity Driven Cooling System,” describes testing of the GDCS. The applicant stated that
the test will be an open reactor vessel test at atmospheric conditions in both the drywell and
vessel. In addition, the applicant stated that testing will be conducted with check valves and
squib valves installed, using previously activated squib valves. The staff determined that the
applicant clarified that the GDCS tests will be conducted at atmospheric conditions in both the
drywell and vessel. The applicant also confirmed that testing will be conducted with check
valves and squib valves installed and previously activated squib valves will be used. By design,
the GDCS will be activated after reactor system depressurization; therefore, the staff
determined that initial tests under atmospheric conditions are acceptable. On this basis, the
staff concludes that the GDCS test description is acceptable. Therefore, RAI 14.2-41 is
resolved.

14.2.3.10.18 Condensate and Feedwater System Preoperational Test

In RAI 14.2-46, the staff requested additional information regarding the CFS preoperational test
description in DCD, Tier 2, Section 14.2.8.1.44. The staff asked the applicant to include
condensate booster pumps to ensure consistency with Position C.1.a of RG 1.68.1,
“Preoperational and Initial Startup Testing of Feedwater and Condensate Systems for Boiling
Water Reactor Power Plants,” Revision 1, issued January 1977.

In its response to RAI 14.2-46, the applicant stated that the ESBWR does not have condensate
booster pumps. The applicant also stated that, because the reactor feed pump (RFP) has a
booster pump and a main pump on the same shaft and motor, it will revise Section 14.2.8.1.44
to require the demonstration of “Proper operation of pumps and motors in all design operating
modes (Condensate and RFP).” The staff reviewed the test abstract in DCD, Tier 2, Revision 3,
Section 14.2.8.1.44 and determined that the revised text is consistent with RG 1.68.
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Accordingly, the staff concludes that the CFS test description follows the guidance in RG 1.68
and is acceptable. Therefore, RAI 14.2-46 is resolved.

In RAI 14.2-47, the staff asked the applicant to clarify whether feedwater flow control valve
testing described in DCD, Tier 2, Section 14.2.8.1.44 meets Regulatory Position C.1.d of

RG 1.68.1, Revision 1. The staff was specifically interested in testing of the proper response of
valves for the design operating range and correct operation of protective features.

In its response to RAI 14.2-47, the applicant stated that the ESBWR uses valve control for low
flow control of feedwater flow and feed pump speed control for normal at power feedwater flow
rate control. DCD, Tier 2, Section 14.2.8.1.2 describes the preoperational testing of the FWCS;
however, the applicant stated that it will revise the text in DCD, Tier 2, Section 14.2.8.1.44 to
include the following:

o Proper operation of system valves, including timing, under expected
operating conditions, and proper response of flow control valves for the
design operating range and correct operation of protective features.

The staff reviewed the test abstract in DCD, Tier 2, Revision 3, Section 14.2.8.1.44 and
determined that the revised text clarifies that the testing will verify proper valve response over
the design operating range with the correct operation of protective features. Accordingly, the
staff concluded that the CFS test description is acceptable. Therefore, RAl 14.2-47 is resolved.

In RAI 14.2-48, the staff noted that Section 14.2.8.1.44 does not include a comprehensive
FWCS test as described in Regulatory Position C.1.f of RG 1.68.1, Revision 1. The staff asked
the applicant to provide a justification or an alternative method of demonstrating operability of
the FWCS.

In its response to RAI 14.2-48, the applicant stated that DCD, Tier 2, Section 14.2.8.1.2
describes the FWCS preoperational test that addresses the individual components of the FWCS
but does not address the overall response of the control system as stipulated in RG 1.68.1. The
applicant stated that it will add the following to Section 14.2.8.1.2:

o Proper overall response of the control system including the final control
element.

The applicant noted that this will include control system response to simulated control system
malfunctions and simulated plant transients at full flow, including MSIV closure and turbine trip
without bypass capability. The staff reviewed the test abstract in DCD, Tier 2, Revision 3,
Section 14.2.8.1.2 and determined that the revised text clarifies the comprehensive FWCS
testing recommended by RG 1.68. Accordingly, the staff concluded that the CFS test
description is acceptable. Therefore, RAI 14.2-48 is resolved.

14.2.3.10.19 Circulating Water System Preoperational Test

In RAI 14.2-50, the staff requested additional information regarding the CWS preoperational test
description in DCD, Tier 2, Section 14.2.8.1.50. The staff asked the applicant to confirm
whether the ESBWR preoperational testing of the CWS included verification of pump net
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positive suction head (NPSH) and verification of proper system operation while powered from
primary and alternate power sources.

In its response to RAI 14.2-50, the applicant confirmed that preoperational activities will include
verification of acceptable NPSH under the most limiting design flow conditions and that it will
add a statement to DCD, Tier 2, Section 14.2.8.1.50 to indicate such verification. The applicant
also stated that the CWS does not have a backup power supply or redundant power source
specific to the system. The power source for the CWS pumps is the unit auxiliary transformer
which will be backed up by the reserve auxiliary transformer. The staff reviewed the test
abstract in DCD, Tier 2, Revision 3, Section 14.2.8.1.50 and determined that the revised text
clarifies the NPSH and alternate power source testing requirements. Accordingly, the staff
concludes that the CWS test description follows the guidance in RG 1.68 and is, therefore,
acceptable. Therefore, RAI 14.2-50 is resolved.

14.2.3.10.20 Main Turbine Control System Preoperational Test

In RAI 14.2-51, the staff requested additional information regarding the MTCS preoperational
test description in DCD, Tier 2, Section 14.2.8.1.53. The staff asked the applicant to confirm
whether the ESBWR preoperational testing for the MTCS will verify proper operation of trip
devices for main stop and control valves and combined intermediate valves (CIVs).

In its response to RAI 14.2-51, the applicant stated that Section 14.2.8.1.53 describes the
general test methods and acceptance criteria for the turbine control system, including proper
operation of the main stop and control valves and ClIVs in response to simulated signals related
to turbine speed, load, and pressure. The applicant also stated that turbine main stop, control,
and CIVs will be equipped with fast-acting solenoid valves (i.e., trip devices) to facilitate fast
closure in response to an overspeed signal, although this section does not specifically discuss
overspeed or trip devices. The applicant stated that DCD, Tier 1, Table 2.11.4-1 included
testing of the control logic of the as-built overspeed protection system with simulated overspeed
signals to verify closure of the valves that supply steam to the turbine upon receipt of an
overspeed signal. The applicant also stated that it will revise DCD, Tier 2, Section 14.2.8.1.53,
to specifically address the verification of proper operation of turbine valve overspeed trip
devices. The staff determined that performance of this test makes it possible to verify the
proper operation of the trip devices required to prevent a turbine overspeed. The staff reviewed
the test abstract in DCD, Tier 2, Revision 3, Section 14.2.8.1.53 and determined that the revised
text addresses the staff’'s concerns and is acceptable. Accordingly, the staff concludes that the
MTCS test description follows the guidance in RG 1.68 and is, therefore, acceptable.
Therefore, RAI 14.2-51 is resolved.

14.2.3.10.21 Main Turbine and Auxiliaries Preoperational Test

In RAI 14.2-53, the staff requested additional information regarding the main turbine and
auxiliaries preoperational test description in DCD, Tier 2, Section 14.2.8.1.59. The staff asked
the applicant to include testing of the overspeed trip system consistent with the guidance in
RG 1.68.

In its response to RAI 14.2-53, the applicant indicated that it will add the following text to the
DCD in a future revision:
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Proper operation of the turbine overspeed protection system to provide
mechanical overspeed trip and electrical backup overspeed trip as specified in
Subsection 10.2.2.4 and the manufacturer’s technical instruction manual.
(During the preoperational test phase, simulated speed signals will be used for
these tests.)

The staff reviewed the test abstract in DCD, Tier 2, Revision 3, Section 14.2.8.1.59 and
determined that the revised text addresses overspeed trip testing. Accordingly, the staff
concludes that the main turbine and auxiliaries test description follows the guidance in RG 1.68
and is, therefore, acceptable. Therefore, RAI 14.2-53 is resolved.

14.2.3.10.22 Direct Current Power Supply System Preoperational Test

In RAI 14.2-55, the staff requested additional information on DCD, Tier 2, Revision 1,

Section 14.2.8.1.35. Specifically, on page 14.2-34, the sixth bullet, “Verify that safety-related
batteries are capable to support essential loads for a period of 24 to 72 hours,” does not
accurately reflect the newly revised DCD for Chapter 8 (i.e., the ESBWR design will utilize only
Class 1E batteries with a 72-hour duty cycle).

In DCD, Tier 2, Revision 3, Section 14.2.8.1.35, the applicant revised the acceptance criterion in
the sixth bullet as follows:

o Verify that safety-related batteries have the capacity to support Safety-
Related loads for a period of 72 hours.

The staff finds that this change clarifies the acceptance criteria in DCD, Section 14.2.8.1.35 and
follows the guidance in RG 1.68; therefore, the test description is acceptable. Therefore,
RAI 14.2-55 is resolved.

14.2.3.10.23 Alternating Current Power Distribution System Preoperational Test

In RAI 14.2-57, the staff requested additional information regarding the alternating current (ac)
power distribution system preoperational test description in DCD, Tier 2, Section 14.2.8.1.36.
Specifically, the staff asked the applicant to describe the system tests that demonstrate proper
termination of power and control cables.

In its response to RAI 14.2-57, the applicant stated that per Appendix A to RG 1.68,
construction and preliminary tests, including wiring continuity and separation checks, will be
performed before the start of preoperational testing. These tests will verify proper termination of
power and control and will include point-to-point continuity, high pot, and fiber optic optical
checks as applicable. Therefore, no change to Section 14.2.8.1.36 is needed to address
demonstration that power and control cables will be properly terminated. No DCD change is
required in response to this RAIL. The staff determined that this response sufficiently clarifies ac
power distribution testing requirements and is acceptable. Therefore, RAl 14.2-57 is resolved.

In RAI 14.2-98, the staff noted that DCD, Tier 2, Revision 5, Section 14.2.8.1.36 states that the
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following:

Performance shall be observed and recorded during a series of individual component
and integrated system tests to demonstrate the following: (1) Proper operation of
initiating, transfer, and trip devices; (2) Proper operation of relaying and logic; (3) Proper
operation of equipment protective devices, including permissive and prohibit interlocks;
(4) Proper operation of instrumentation and alarms used to monitor system and
equipment status; (5) Proper operation and load carrying capability of breakers,
switchgear, transformers, and cables; (6) The capability of transfer between onsite and
offsite power sources as per design; (7) The ability of emergency and vital loads to start
in the proper sequence and to operate properly under simulated accident conditions; and
(8) The adequacy of the plant emergency lighting system.

The staff asked the applicant to include the following additional items in the ITP or to justify their
exclusion: (a) verification of analytically derived voltage values from voltage analyses of the
onsite distribution system against actual measurements (Brand Technical Position 8-6) and (b)
proper operation of the automatic transfer capability of normal preferred power source to the
alternate preferred power source is verified. RAI 14.2-98 was being tracked as an open item in
the SER with open items.

In its response to RAI 14.2-98, the DC applicant stated the following:

GEH concurs with Item (a) noted above. GEH considers Item (b) to be satisfied by existing
requirements in DCD, Tier 2, Subsection 14.2.8.1.36 as described below:

(a) An item will be added to DCD, Tier 2, Subsection 14.2.8.1.36 to verify the analytical
derived voltage values of the onsite distribution system against actual measurements.

(b) The requested verification of the transfer capability from the normal to preferred power
source to the alternate preferred power source is satisfied by the existing requirements
in DCD, Tier 2, Subsection 14.2.8.1.36, that verifies “Proper operation of initiating,
transfer and trip devices.” This verification includes proper operation of controls, relays
and breakers required for transfer from the normal preferred power source to the
alternate preferred power source.

The DC applicant plans to revise DCD, Section 14.2.8.1.36 in Revision 6 by adding the following
bullet as noted below:

o Verify the analytical derived voltage values of the onsite distribution system against
actual measurements.

The applicant added this information to DCD, Tier 2, Section 14.2.8.1.36, Revision 6.
Therefore, RAI 14.2-98 is resolved.

14.2.3.10.24 Standby Diesel Generator and Alternating Current Power System
Preoperational Test

14-43



In RAI 14.2-59, the staff requested additional information regarding the standby DG and ac
power system preoperational test description in DCD, Tier 2, Section 14.2.8.1.37. Specifically,
the staff asked the applicant to describe the basis for the phrase “at a load equivalent to the
continuous rating” that is used in the following quotation from DCD, Tier 2, Revision 1,

Section 14.2.8.1.37, on page 14.2-36:

Fuel Load carrying capability of the DG for a period of not less than 24 hours, of
which 22 hours are at a load equivalent to the continuous rating of the DG and 2
hours are at the manufacturer’s 2 hour load rating, including verification that the
diesel cooling system functions within design limits, and that the HVAC System

maintains the DG room within design limits.

The staff’'s understanding is that the continuous rating should include kilovolt-amperes and
power factor.

In DCD, Tier 2, Revision 3, Section 14.2.8.1.37, the applicant added the following criterion
under “General Test Methods and Acceptance Criteria”:

o The DGs will be tested at full power and rated power factor for a period of
24 hours. This will ensure all diesel cooling and HVAC systems perform
their design functions.

The staff finds that the above change is responsive to its question and is acceptable. Therefore,
RAI 14.2-59 is resolved.

14.2.3.10.25 Pressure Suppression Containment Bypass Leakage Tests

In DCD, Tier 2, Revision 2, Section 14.2.8.1.32, the applicant stated that an objective of the
pressure suppression containment bypass leakage tests is to “verify that the suppression pool
bypass leakage rate is within limits for high pressure and low pressure tests.” In RAI 14.2-63,
the staff asked the applicant to provide the values of the high and low pressures and explain
their significance.

In its response to RAI 14.2-63, the applicant stated the following:

A review of this RAI and Subsection 14.2.8.1.32 led, by reference, back to DCD,
Chapter 6, Subsection 6.2.1.1.5 (Bypass Leakage and Surveillance).
Subsection 6.2.1.1.5.4.1 (High Pressure Leak Test) was deleted in DCD, Tier 2,
Revision 3. Chapter 14 will be revised to eliminate the description of high and
low pressure tests. In addition, subsections under DCD, Chapter 6,

Subsection 6.2.1.1.5 will be revised to be in line with the changes made in
Chapter 14.

The testing for bypass leakage in Chapters 6 and14 will consist of local leak rate
testing at a single pressure plus visual inspections. Therefore, the request to
provide values for high and low pressure testing and their significance is no
longer relevant.
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In RAI 14.2-63 S01, the staff asked the applicant to measure the total bypass leakage without
using unverified assumptions. On March 26, 2008, the applicant revised DCD, Tier 2,
Section 14.2.8.1.32 to determine the overall suppression pool bypass leakage effective area
and to confirm that the leakage value is within the limits of the low-pressure test acceptance
criteria. The test method used will form the basis for leakage tests conducted at the same
frequency as the integrated leak rate tests (ILRTs). In addition, the applicant revised the
general test methods and acceptance criteria to verify that the calculated value of overall
suppression pool bypass leakage effective area (A/VK) is within the design limit specified in
Section 6.2.1.1.5.

In response to RAI 14.2-63 S01, GEH proposes to update DCD, Tier 2, Section 14.2.8.1.32 to
include the statement that the “test method used will form the basis for use during subsequent
leakage rate tests conducted at the same frequency as the ILRT.”

In RAI 6.2-145, S02, the staff asked GEH to provide additional justification for this proposed
change. In Supplemental RAI 14.2-63 S02, the staff asked that GEH make the responses to
RAls 14.2-63 and 6.2-145 consistent.

In its response to RAI 6.2-145 S02 and RAI 14.2-63 S02, the DC applicant proposed to change
the TS suppression pool bypass test frequency from two years to 10 years. The staff has
approved TS license amendment requests for surveillance test frequencies of 10 years in
existing plants but has not approved this test frequency for new plants. RAI 6.2-145 was being
tracked as an open item in the Chapter 6 SER with open items... Resolution of RAI 6.2-145 is
discussed in Section 6.2 of this report. This issue does not affect the preoperational pressure
suppression containment bypass leakage tests in DCD, Subsection 14.2.8.1.32 since these are
one time preoperational tests to satisfy the requirements of RG 1.68 and SRP Section 14.2 for
the ITP. Therefore, RAl 14.2-63 S02 is resolved.

14.2.3.10.26 Feedwater Control System Preoperational Test

In RAI 14.2.-65, the staff noted that, as part of DCD, Tier 2, Section 14.2.8.1.2, the following
tests should be added for attributes of the triplicate FTDC to be consistent with RG 1.68:

. Single and Three Element control

. Independence of controllers by taking each one, and then all combinations
of two, out of service and verifying that the system is functioning properly

o Manual Feedpump Control—verify each RFP can be fully controlled
through the FTDC

To be consistent with RG 1.68, each parallel processing channel should be tested for various
design attributes. In its response to RAI 14.2-65, the applicant noted the following:

Verification of the Single and Three Element controller is already encompassed

within the statement to demonstrate the proper overall response of the control
system. This will be done while using simulated signals for inputs. No change to
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the DCD is required.

The applicant agreed to add a statement to verify, by demonstration, that the loss and then
restoration of a single processor in the FTDC will not cause substantial change to the system
output signals, nor require operator action beyond recognition of an alarm when the processor is
out of service. However, the simultaneous loss of two processors will not be demonstrated, as
that condition goes beyond the fault-tolerant design of the FWCS. This position is consistent
with the DCD, Tier 1, Chapter 2 ITAAC for the FWCS (see DCD, Tier 1, Table 2.2.3-2, Item 2).

The applicant agreed to add a statement to require preoperational testing of each motor-driven
reactor feed pump (MDRFP) using the manual control mode of the controller to the extent
practical.

The applicant committed to add the following two bullets to DCD, Section 14.2.8.1.2:

o Independence of system functional operation from loss of operation of one
of the redundant channels of the FTDC controllers/processors will be
confirmed by test. Testing involves using simulated input signals and
removing, then restoring the normal operation of each one of the three
channels. During testing, important control system outputs are monitored
and their response is used for confirming the system remains properly
functional.

o Verification of each MDRFP will be made using the controller's manual
control mode with a flow path through the long path recycle line.
Maximum test flow rate to be consistent with the equipment limitations.

The applicant added this information in DCD, Tier 2, Revision 5, Section 14.2.8.1.2; therefore,
this addition resolves RAI 14.2-65.

14.2.3.10.27 Rod Control and Information System Preoperational Test

In RAI 14.2-66, the staff requested additional information regarding DCD, Tier 2,

Section 14.2.8.1.5, “Rod Control and Information System [RC & IS] Preoperational Test,” where
the proper functioning of instrumentation should include status signals from HCUs and failure
indication of any one position detector for an individual fine motion control rod drive (FMRCD).

In its response to RAI 14.2-66, the applicant provided the following conclusions and new criteria
regarding testing of the HCU and FMRCD:

RC&IS and the N-DCIS, there are already tests and on-line diagnostics from both
the RC&IS and the N-DCIS that provide proper functioning of the status signals
from the HCUs and rod position detector failure for an individual FMRCD.

The applicant committed to revise the “General Test Methods and Acceptance Criteria” in
Section 14.2.1.8.5 to add a new criterion after the third criterion as follows:
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Proper functioning of instrumentation used to monitor status signals from
HCUs and failure indication of any one position detector for an individual
FMRCD.

The applicant added this new information in DCD, Tier 2, Revision 5, Section 14.2.8.1.5,
thereby resolving RAI 14.2-66.

14.2.3.10.28 Radioactive Liquid Drainage and Transfer System Preoperational Test

In RAI 14.2-85, the staff requested additional information regarding the radioactive liquid
drainage and transfer system preoperational test description in DCD, Tier 2,

Section 14.2.8.1.40. Specifically, the staff asked the applicant to explain why the scope does
not describe how the installation and operation of mobile waste processing systems will be

integrated in this test.

In its response to RAI 14.2-85, the applicant stated the following:

a.

DCD Subsection 14.2.8.1.62 “Prerequisites”, states, the construction tests
have been successfully completed. Included in the construction tests are
individual component tests. Interfaces between liquid waste management
system (LWMS) and mobile systems will be included in these tests. The
mobile equipment is designed to the requirements of RG 1.143, which
insures all mobile equipment has the same standard of design as the
LWMS. As stated in the RAI, the solid and liquid radwaste process

relies on both permanently installed plant systems and mobile waste
treatment systems. The preoperational testing described in DCD,
Subsection 14.2.8.1.62 addresses both liquid and solid radwaste systems.
Test requirements include:

o Acceptable system and component flow paths and flow rates,
including pump capacities and tank volumes

o Proper operation of equipment controls and logic, including
prohibit and permissive interlocks

. Proper functioning of instrumentation and alarms used to monitor
system operation and status,

These tests could not be successfully completed if the plant systems and
the mobile waste treatment systems were not interfacing as designed.

The mobile systems are designed in accordance with RG 1.143 and
installation of the systems will follow quality assurance requirements to
ensure that the installation follows the design requirements. Controlling
and monitoring effluent release is described in Subsection 14.2.8.1.62
which states proper operation of equipment protective features and
automatic isolation functions, including those for ventilation systems and
liquid effluent pathways; and proper functioning of instrumentation and
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alarms used to monitor system operation and status is verified. GEH
response to RAI 11.5-23, MFN 07-030, dated April 10, 2007, revised DCD,
Subsection 11.5.7.2 to require the COL applicant to provide programmatic
details, ODCM, for monitoring and controlling the release of radioactive
material to the environment.

The applicant’s response to RAI 11.2.3-1, Supplement No. 1,

MFN 07-371, dated July 13, 2007, changed DCD, Tier 2, Table 11.2-3 to
require filtration and adsorbent media meet or exceed the decontamination
factors listed.

The applicant’s response to RAIl 11.2.3-1 Supplement No. 1, MFN 07-371,
dated July 13, 2007, changed DCD, Tier 2, Table 11.2-3 to require
filtration and adsorbent media meet or exceed the decontamination factors
listed.

In response to this RAI, the applicant made no changes to DCD, Section 14.2.8.1.40. On the
basis of the preceding information, the staff agrees with the applicant’s response, and
RAI 14.2-85 is resolved.

14.2.3.10.29 Offgas System Preoperational Test

In RAI 14.2-86, the staff requested additional information regarding the offgas system
preoperational test description in DCD, Tier 2, Section 14.2.8.1.48. Specifically, the staff
requested that the applicant clarify the scope of this preoperational test. The test does not
describe the process that will be used in confirming the proper selection and performance
characteristics of the media to treat gaseous process, waste, and effluent streams.

In its response to RAI 14.2-86, the applicant stated the following:

DCD, Subsection 11.3.2.1, “Adsorption” provides design criteria for the charcoal
media such as vendor tests of charcoal for krypton and xenon adsorption.

During the preoperational test phase a prerequisite to offgas testing is verification
that the correct amount of charcoal has been loaded in the absorber beds and
that the charcoal that is being used meets the requirements for charcoal
described in DCD, Subsection 11.3.2.1. Offgas performance can only be
confirmed during startup testing when there are radionuclides in the waste
stream. The startup test for the offgas system is described in DCD,

Subsection 14.2.8.2.29. Subsection 14.2.8.2.1 describes the samples taken to
verify off gas performance.

a.

The adsorbent media for the guard and charcoal beds is described in
DCD, Subsection 11.3.1, Table 11.3-1. The charcoal mass is no less than
33,000 Ibs for the guard beds and 490,000 Ibs for the charcoal beds. The
guard and charcoal beds are sized to process three times the source term
without affecting delay time of the noble gases (30-minute).

DCD, Subsection 14.2.8.2.29 describes the startup testing of the offgas
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system. The performance of the charcoal absorbers is tested to verify that
the radioactivity effluents meet the TS limits. COL Applicant Item 11.5.7.2
states the COL applicant will develop an ODCM that will include programs
for monitoring and controlling the release of radioactive material to the
environment.

The response to this RAI was also tied to the disposition of RAls 11.5-47 and 12.2-9 S02, which
were resolved separately. The applicant did not revise DCD, Section 14.2.8.1.48 to address
this RAI. The staff agrees with the applicant’s response, and RAI 14.2-86 is resolved.

In RAI 14.3-157, the staff requested additional information regarding the offgas system test
abstract in DCD, Tier 2, Section 14.2.8.1.48. The staff determined that the acceptance criteria
specified in DCD, Tier 2, Revision 4, Section 14.2.8.1.48 were inconsistent with DCD, Tier 1,
Revision 4, Section 2.10.3 and DCD, Tier 2, Revision 4, Section 11.5.3.2.2. Specifically, the
test methods and acceptance criteria do not identify a test to demonstrate the proper closure of
the isolation valve on high-radioactivity levels. Accordingly, the staff asked the applicant to
revise the acceptance criteria listed in DCD, Tier 2, Revision 4, and Section 14.2.8.1.48 to
include a confirmation of system isolation on high-radioactivity level signals. This issue was
related to an ITAAC under DCD, Tier 1, Section 2.10.3.

In its response to RAI 14.3-157, the applicant added the following information in DCD, Tier 2,
Revision 5, Section 14.2.8.1.48, in the fourth bullet under “General Test Methods and
Acceptance Criteria”:

. Proper operation of system valves, including isolation features, under
expected operating conditions, including isolation of the off-gas system
discharge valve upon receipt of high radioactivity level signals:

Since this addressed operation of offgas system isolation on high radioactivity level, the staff
finds that this response is acceptable. Therefore, RAI 14.3-157 is resolved.

14.2.3.10.30 Nuclear Boiler System, Standby Liquid Control System, and Gravity Driven
Cooling System Preoperational Tests

In RAI 14.2-64, the staff requested additional information regarding equipment or components
that cannot be actuated without damage or upsetting the plant. In the response to

RAI 14.12-64, the applicant stated, in part, that actuation of equipment or components during
either preoperational or startup test programs should not cause damage or upset the plant to an
extent that damage would be caused. The applicant recognized that some components are
designed for single-use actuation (e.g., squib valves). The applicant also agreed that it should
acknowledge the acceptability of isolation of these devices to prevent them from being actuated
during preoperational tests.

The applicant also stated that the ESBWR utilizes single-use squib valves in the ADS, GDCS,
and SLCS. The applicant will add a statement allowing the isolation of these single-use
components before the preoperational tests of these three systems. Accordingly the applicant
will revise the “Prerequisite” sections of DCD, Tier 2, Sections 14.2.8.1.1, “Nuclear Boiler
System Preoperational Test,” 14.2.8.1.3, “Standby Liquid Control System Preoperational Test,”
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and 14.2.8.1.65, “Gravity-Driven Cooling System Preoperational Test,” by adding the following
statement:

o To prevent actuation of single use squib valves during the logic portion of
this testing process, the valve(s) may be isolated electrically to prevent
actuation. This isolation, verification of the firing signal during the test,
and reconnection process must be controlled within the test document.

The applicant added this information to sections mentioned above in DCD, Tier 2, Revision 5,
thus resolving RAI 14.2-64.

14.2.3.10.31 Preoperational Test Descriptions Conclusions

On the basis of its review of DCD, Section 14.2.8.1, the staff determined that the test abstracts
provided by the applicant are generally consistent with the preoperational test criteria in

RG 1.68 and SRP Section 14.2. However, since the Licensee will be responsible for the
development of detailed test specifications and test procedures, the staff determined that it was
acceptable to defer development of these documents until the post COL phase.

14.2.3.11 Initial Startup Test Descriptions

In DCD, Tier 2, Section 14.2.8.2, Revision 6 the applicant provided the following 38 test
abstracts for the initial startup testing phase:

(1) 14.2.8.2.1 Chemical and Radiochemical Measurements Test
(2) 14.2.8.2.2 Radiation Measurements Test

(3) 14.2.8.2.3 Fuel Loading Test

(4) 14.2.8.2.4 Full Core Shutdown Margin Demonstration Test
(5) 14.2.8.2.5 CRD System Performance Test

(6) 14.2.8.2.6 NMS Performance Test

(7) 14.2.8.2.7 Core Performance Test

(8) 14.2.8.2.8 Nuclear Boiler Process Monitoring Test

(9) 14.2.8.2.9 System Expansion Test

(10) 14.2.8.2.10 System Vibration Test

(11) 14.2.8.2.11 Reactor Internals Vibration Test (Initial Startup Flow-Induced Vibration
(FIV) Testing)

(12) 14.2.8.2.12 Feedwater Control Test
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14.2.8.2.13

14.2.8.2.14

14.2.8.2.15

14.2.8.2.16

14.2.8.2.17

14.2.8.2.18

14.2.8.2.19

14.2.8.2.20

14.2.8.2.21

14.2.8.2.22

14.2.8.2.23

14.2.8.2.24

14.2.8.2.25

14.2.8.2.26

14.2.8.2.27

14.2.8.2.28

14.2.8.2.29

14.2.8.2.31

14.2.8.2.32

14.2.8.2.33

14.2.8.2.34

14.2.8.2.35.1

Pressure Control Test

Plant Automation and Control Test

Feedwater System Performance Test

Main Steam System Performance Test

RWCU Cooling System Performance Test

PSWS Performance Test

HVAC System Performance Test

Turbine Valve Performance Test

MSIV Performance Test

SRV [Safety/Relief Valve] Performance Test

Loss of Feedwater Heating Test

Feedwater Pump Trip Test

Shutdown from Outside the MCR Test

Loss of Turbine Generator and Offsite Power Test
Turbine Trip and Generator Load Rejection Test
Reactor Full Isolation Test

Offgas System Test

Concrete Penetration Temperature Surveys Test
Liquid Radwaste System (LRT) Performance Test
Steam and Power Conversion System Performance Test
Isolation Condenser (IC) Performance Test

Reactor Pre Critical Heatup with RWCU/SDC

14.2.8.2.35.2 ICS Heatup and Steady State Operation

14.2.8.2.35.3 Power Maneuvering in the FW Temperature Operating Domain
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(37) 14.2.8.2.35.4 Load Maneuvering Capability
(38) 14.2.8.2.35.5 Defense-in-Depth Stability Solution Evaluation Test

In RAI 14.2-101 the staff identified the five FOAK tests in the final safety analysis report (FSAR)
Subsection 14.2.8.2.35 as Tier 2* information which is subject to NRC review and approval.
The staff requested that the DC applicant to identify these FOAK tests as Tier 2* information in
DCD, Tier 2, Section 14.2.8.3.35, “ESBWR First of a Kind Tests.”

In its response to RAI 14.2-101, DC applicant stated the following:

The DC applicant revised Sections 14.2.8.2.7, “Core Performance Test,” Description
Section to italicize the second paragraph and bracket Tier 2* information for a

FOAK test observation of reactor stability. In addition, DC applicant revised all of
Section 14.2.8.2.35, “ESBWR First of A Kind Tests,” to italicize and bracket all Tier 2*
information in this section.

The DC applicant added this change to DCD, Tier 2, Section 14.2.8.2.35, Revision 6.
Therefore, RAI14.2-101is resolved.

SRP Section 14.2 and RG 1.68 provide general guidance on the conduct of the ITP after the
completion of preoperational testing. Following verification of SSC functional capability during
preoperational testing, the ITP transitions to initial fuel loading, pre-critical testing, initial startup,
low-power testing, and power ascension testing. After core loading, sufficient tests and checks
will be performed to ensure that the facility will be in a final state of readiness to achieve
criticality and perform low-power testing.

As described in RG 1.68, after the initial reactor startup, low-power testing will be conducted to
(1) confirm the design, (2) validate analytical models and verify correctness of conservatism of
assumptions used in the safety analysis to the extent practical, and (3) confirm the operability of
plant systems and design features that could not be completely tested during the preoperational
test phase because of the lack of an adequate heat source for the reactor coolant system (RCS)
and the main steam system. Power ascension testing will be conducted to demonstrate that the
facility can be operated in accordance with design during normal steady-state conditions, and,
to the extent practical, during and following anticipated transients. SRP Section 14.2 contains
criteria for startup and power ascension testing to ensure that test abstracts include objectives,
prerequisites, test methods, and acceptance criteria to establish the functional adequacy of
SSCs and design features.

The staff reviewed the initial startup test abstracts in DCD, Tier 2, Section 14.2.8.2. In
comparing the ESBWR initial startup testing to the testing recommended in RG 1.68,

Appendix A, Section 2, “Initial Fuel Loading and Precritical Tests,” Section 3, “Initial Criticality,”
Section 4, “Low-Power Testing,” and Section 5, “Power-Ascension Tests,” the staff identified
several areas where it required additional information to complete its review. Descriptions of the
specific issues follow.
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14.2.3.11.1 Chemical and Radiochemical Measurement Test

In RAI 14.2-90, the staff noted that DCD, Tier 2, Revision 4, Section 14.2.8.2.1, provides an
incomplete description of criteria for radioactivity present in gaseous and liquid effluents.
Specifically, Section 14.2.8.2.1 limits the criteria to “licensee limitations” and does not include
the NRC effluent concentration limits of Table 2 of Appendix B, “Annual Limits on Intake and
Derived Air Concentrations of Radionuclides for Occupational Exposure; Effluent
Concentrations; Concentrations for Release to Sewerage,” to 10 CFR Part 20, “Standards for
Protection against Radiation.” Accordingly, the staff asked the applicant to revise

Section 14.2.8.2.1 (criteria) to include Table 2 of Appendix B to 10 CFR Part 20 as one set of
criteria, and to change “license limitations” to “license conditions.” This RAI also applied to the
criteria identified for the offgas system test (DCD, Tier 2, Section 14.2.8.2.29) and the LRT
performance test (DCD, Tier 2, Section 14.2.8.2.32). The staff requested that the applicant
revise these sections accordingly.

In its response to RAI 14.2-90, the applicant agreed to revise Sections 14.2.8.2.1, 14.2.8.2.29,

and 14.2.8.2.32 to provide a complete description of criteria for radioactivity present in gaseous
and liquid effluents. The applicant added this information to these DCD sections in Revision 5,
thereby resolving RAI 14.2-90.

In RAI 14.2-96, the staff asked the applicant to describe the scope of filter performance
associated with radiochemical measurements. Specifically, the staff noted that the description
should include charcoal media and should clarify that filters include high-efficiency particulate air
(HEPA) filters used for the purpose of controlling airborne radioactive effluent discharges. In
addition, the staff noted that the description should include filters and strainers and the reverse
osmosis subprocessing system used to process liquid effluents. Accordingly, the staff
requested that the applicant revise DCD, Tier 2, Section 14.2.8.2.1 (under “Description”) to
include HEPA filters, charcoal media, filters and strainers, and reverse osmosis subsystems.

In its response to RAI 14.2-96, the applicant agreed that the “Purpose” description should be
extended to include gaseous process streams so that the Licensee could assess fuel
performance for evidence of fission product leakage into the RCS. The applicant also stated
that testing of HEPA and charcoal filters is periodically performed as part of plant TSs;
therefore, it is not appropriate to add this detail to Section 14.2.8.2.1. The applicant also agreed
to add carbon filters and reverse osmosis treatment units in Section 14.2.8.1.62. The applicant
added the information discussed in the above response to DCD, Tier 2, Revision 5,

Sections 14.2.8.2.1 and 14.2.8.1.62, thus resolving RAI 14.2-96.

14.2.3.11.2 Radiation Measurements Test

DCD, Tier 2, Revision 4, Section 14.2.8.2.2, “Radiation Measurements Test,” describes the test
descriptions for radiation measurements tests. To verify that the established radiation zones
(which determine plant area accessibility) will be accurate, the staff requested in RAI 14.2-94
that the applicant perform radiation surveys throughout the plant for all accessible areas,
including all potentially high and very high radiation areas.
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As discussed in its response to RAI 14.2-94, the applicant updated DCD, Revision 5,
Section 14.2.8.2.2 to state that radiation surveys will be performed in all potentially high and
very high radiation areas, thus resolving RAI 14.2-94.

14.2.3.11.3 Fuel Loading Test

In RAI 14.2-42, the staff requested additional information regarding the fuel loading test
description in DCD, Tier 2, Section 14.2.8.2.3. Section 2, “Initial Fuel Loading and Precritical
Tests,” of Appendix A to RG 1.68 recommends tests after the core is fully loaded. Specifically,
Item C in Section 2 of Appendix A to RG 1.68 recommends “final functional testing of the RPS
to demonstrate proper trip points, logic, and operability of scram breakers and valves.” It also
recommends that testing “demonstrate operability of manual scram functions.” However, in
DCD, Tier 2, Section 14.2.8.2.3, the testing recommended by RG 1.68 was planned to be
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conducted before (instead of after) commencing fuel loading. The staff asked the applicant to
discuss whether the tests listed above will be conducted after the core is fully loaded or to justify
the lack of such a plan.

In its response to RAI 14.2-42, the applicant stated that Section 2 of Appendix A to RG 1.68
recommends a list of tests and verifications that should be conducted during or following

initial fuel loading. The applicant stated that it would remove the bulleted item under

Section 14.2.8.2.3 that describes the guidance recommendation of Section 2 of Appendix A to
RG 1.68 and add it to Section 14.2.8.1.9, “Reactor Protection System Preoperational Test,”
under “General Tests Methods and Acceptance Criteria.” The applicant agreed to move the
subject tests to the RPS preoperational test description and stated explicitly that those tests will
be conducted during or following initial fuel loading. The staff reviewed the test abstract in DCD,
Tier 2, Revision 3, Sections 14.2.8.2.3 and 14.2.8.1.9, and determined that the revised text is
consistent with RG 1.68 and is acceptable. Accordingly, the staff concludes that the fuel loading
test description follows the guidance in RG 1.68 and is, therefore, acceptable. Therefore,

RAI 14.2-42 is resolved.

In RAI 14.2-43, the staff requested additional information regarding the fuel loading test
description. Section 2 of Appendix A to RG 1.68 recommends that a “prediction of core
reactivity should be prepared in advance to aid in evaluating the measured responses to
specified loading increments.” The staff asked the applicant to clarify whether it will be prepared
to provide predictions of core reactivity and what actions it would take if the measured results
deviate from expected values.

In its response to RAI 14.2-43, the applicant stated that shutdown margin tests provide the
greatest assurance of core subcriticality. To that end, the Licensee will make predictions of
shutdown margin before initial fuel loading. In addition, the applicant stated that to comply with
the requirements of Section 2 of Appendix A to RG 1.68 it will add to the description under DCD,
Tier 2, Section 14.2.8.2.3, the statement “Criteria for and actions required to address any
deviations from expected results will be delineated in the fuel loading procedures as described
in Section 14.2.2.” The staff agreed that shutdown margin tests will provide the assurance of
core subcriticality. The staff reviewed the test abstract in DCD, Tier 2, Revision 3,

Section 14.2.8.2.3, and determined that the revised text clarifies subcriticality prediction criteria
and is acceptable. Accordingly, the staff concludes that the fuel loading test description follows
the guidance in RG 1.68 and is, therefore, acceptable. Therefore, RAl 14.2-43 is resolved.

14.2.3.11.4 Neutron Monitoring System Performance Test

In RAI 14.2-78, the staff requested that the applicant provide additional information on the NMS
performance test. The staff asked the applicant to include the GT system verification of the
NMS performance test in DCD, Tier 2, Section 14.2.8.2.6 “Neutron Monitoring System
Performance.” Specifically, in the section titled “Criteria,” a sentence states, “The LPRMs shall
be calibrated consistent with design specifications.” However, this statement does not specify
how the LPRMs, including the GT system, will be calibrated.

In its response to RAI 14.2-78, the applicant stated the following:

In accordance with DCD, Tier 2, Subsections 7.2.2 and 7.7.6, the LPRMs will be
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calibrated based upon calibration factors provided by the AFIP GT subsystem.
The accuracy of this calibration shall be consistent with the GT Licensing
Technical Report in NEDE-33197P, GT System for LPRM Calibration and Power
Shape Monitoring.

The applicant added this information in DCD, Tier 2, Revision 5, Section 14.2.8.2.6, “Criteria”.
The staff finds this change acceptable. Therefore, RAI 14.2-78 is resolved.

In RAI 14.2-79, the staff requested that the applicant provide additional information in DCD,
Tier 2, Section 14.2.8.2.6. Specifically, the staff asked the applicant to clarify the criteria for the
SRNM count rates under “design requirements” and the overlapping neutron flux indications
under “design specification,” with regard to the criteria found in the TSs.

The applicant provided the following response to RAI 14.2-79:

The ESBWR TSs do not specify numerical values for count rates, only “count
rates indicative of neutron flux levels within the core.” (Reference DCD, Tier 2,
Chapter 16, TS Basis B3.3.1.6, SRP Section 3.3.1.6.4)

DCD, Tier 2, Table 7.2-2 provides specific count values required during SRNM
operation.

The ESBWR TSs do not specifically require that the SRNM and LPRM ranges
overlap. However, the TSs Bases do note the following requirements:

o “The SRNM cover the range of plant operation from source range through
startup range (i.e., more than 10 percent of reactor rated power).”

o “The APRM cover the range of plant operation from a few percent to
greater than rated power.”

(Reference DCD, Tier 2, Chapter 16, TS Basis B3.3.1.6)

Because “a few percent” APRM is less than “more than 10 percent” SRNM, then
an overlap of the two instrument ranges does occur.

A description of the SRNM and APRM LPRM overlapping ranges is provided in
DCD, Tier 2, Subsection 7.2.2.1 and on DCD, Tier 2, Figure 7.2-3.

In Revision 5 to the “Criteria” discussion in Section 14.2.8.2.6 of DCD, Tier 2 cross-references
to DCD, Section 7.2.2. On the basis of these changes to DCD, Section 14.2.8.2.6, the staff
finds that this response is acceptable, and RAI 14.2-79 is resolved.

14.2.3.11.5 Core Performance Test
In RAI 14.2-44, the staff requested additional information regarding the core performance test
description in DCD, Tier 2, Section 14.2.8.2.7. Specifically, the staff requested that the

applicant describe the specific methods for calculating core flows and core power, including the
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variables that will be obtained from the in-vessel measurement to calculate core flows and core

14-57



power. The staff also asked the applicant to provide a detailed test plan for testing vessel
natural circulation at various power levels after fuel loading during startup testing.

In its response to RAI 14.2-44, the applicant provided derivations for the core mass flow rate
and core power from mass and energy balance equations. The applicant clearly explained
variables in the equations and noted that they will be obtained from in-vessel measurements or
measurements on the coolant systems connected to the reactor or will be evaluated based on
correlations. This response answered the staff’'s question concerning how to calculate core
flows and core power, and the staff finds it acceptable.

For the test plan, the applicant clarified that a detailed startup test procedure will be written
during the procedure preparation phase in accordance with the description in DCD, Tier 2,
Section 14.2.8.2.7. This RAI response identifies the power range for the tests. The applicant
will present the written startup test procedure to the NRC for formal review in accordance with
the SAM preparation scheduling. This resolves RAI 14.2-44. However, this startup test
procedure will be developed as part of COL Information Items 14.2-2-A and 14.2-3-A.

In RAI 14.2-89, the staff asked the applicant to provide a startup testing plan to identify the
impacts, if any, of operation at reduced power levels where flow-transition-induced flow
oscillations may be possible. In its response to RAI 14.2-89, the applicant stated that it will add
the following information to DCD, Tier 2, Section 14.2.8.2.7 under the “Description” section:

A FOAK test will be conducted for observation of reactor stability. The objective
of this test is to characterize the stability performance during power ascension,
where chimney partition may experience flow-regime-transition-induced flow
oscillation. The test will begin at 20 percent thermal power and the first time the
reactor achieves a new 5 percent power increment above that point. The test will
collect pertinent LPRM data to identify stability performance characteristics and
determine a decay ratio during the ascension to rated reactor power. The
monitoring LPRM signals are filtered to remove noise components with
frequencies above the range of stability related to power oscillation. This data
will be collected at sufficient instances to capture the development of instability
pattern (if any) that may occur during the ascent to rated power.

With this change in DCD, Tier 2, Revision 5, Section 14.2.8.2.7, the staff finds that RAI 14.2-89
is resolved.

14.2.3.11.6 System Expansion Test

The purpose of the thermal expansion test is to confirm that the pipe suspension system is
working as designed and the piping is free of obstructions during power changes. Upon
completion of the thermal expansion test, the measured and observed pipe expansion should
be in accordance with the design, and the piping should return to its approximate cold condition
after cooldown. The staff could not determine whether the applicant’s testing program would
achieve this objective.

In RAI 14.2-26, the staff asked the applicant to provide the type and source of design
performance information that will be used in the development of detailed test procedures for
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system expansion testing. The staff found that DCD, Tier 2, Section 14.2.8.2.9 did not contain
sufficient information about to the design performance and test procedures for the staff to
assess the adequacy of the development of the system expansion test procedures.

In its response to RAI 14.2-26, the applicant stated the following:

DCD, Tier 2, Subsection 14.2.8.2.9 describes the prerequisites and the
acceptance criteria conditions for the thermal expansion testing. Additional detail
and special requirements for a thermal expansion test will be performed in
accordance with the test procedure that would be developed and evaluated
against acceptance criteria.

In DCD, Tier 2, Revision 3, Section 14.2.8.2.9, the applicant amended the section to include the
test procedure requirements. Based on its review of the revised version of the DCD, the staff
finds DCD, Tier 2, Section 14.2.8.2.9 acceptable because the applicant provided the test
procedure requirements, as requested. Thus, the staff determined that RAI 14.2-26 is resolved.
This is addressed by COL Information Item 14.2-3-A in DCD, Tier 2, Revision 6,

Section 14.2.2.2

In RAI 14.2-29, the staff asked the applicant to provide additional information about the system
expansion test program schedule and sequence for conducting the tests planned for the startup
test phase. Also, the staff requested that the applicant state the time available between
approval of testing procedures and their intended use.

In its response to RAI 14.2-29, the applicant stated the following:

Table 14.2-1 provides the test matrix for various systems. DCD, Tier 2,
Subsection 14.8.2.2 states that the power ascension test phase procedures will
be made available to the NRC 60 days prior to the fuel loading. In addition, to
insure the tests are conducted in accordance with the established methods and
acceptance criteria, the associated plant testing specification(s) is made
available to the NRC.

The staff finds the applicant’s response acceptable. The Licensee will develop plant test
specifications, test procedures, and acceptance criteria before the fuel loading and make them
available to the NRC. Therefore, the concerns related to RAI 14.2-29 are resolved. This is
addressed by COL Information Item 14.2-2-A in DCD, Tier 2, Revision 6, Section 14.2.2.1

In RAI 14.2-30, the staff requested additional information regarding the special test of the effects
of thermal stratification in the feedwater discharge piping. Specifically, the staff asked that the
applicant address the staff’s concern about DCD, Tier 2, Section 14.2.8.2.9. The staff found
that the section did not contain sufficient information regarding the special tests that will be
conducted to monitor the effects of thermal stratification in the feedwater discharge piping to
establish the functional adequacy of this piping.

In its response to RAI 14.2-30, the applicant stated that it will revise DCD, Tier 2,
Section 14.2.8.2.9 to add requirements to include the acceptance criteria for the effects of
thermal stratification in the test procedure for the feedwater discharge piping. In addition, the
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applicant stated that it will include requirements for thermal expansion testing as requested.
The staff reviewed the test abstract in DCD, Tier 2, Revision 3, Section 14.2.8.2.9 and
determined that the revised text is acceptable. Accordingly, the staff concluded that the system
expansion test description addresses the staff’'s concern and meets the guidance of RG 1.68
and is, therefore, acceptable. Therefore, RAI 14.2-30 is resolved.

14.2.3.11.7 System Vibration Test

In RAI 14.2-32, the staff asked the applicant to provide the type and source of design
performance information that will be used in the development of detailed system vibration test
procedures. In its response to RAI 14.2-32, the applicant stated that DCD, Tier 2,

Section 14.2.8.2.10 identifies the critical systems that would require vibration testing. In
addition, the applicant revised DCD, Tier 2, Section 14.2.8.2.10 to add requirements to the test
procedure to include past experience with vibration testing of earlier BWR piping systems as
guidance for developing a test procedure description and acceptance criteria. The staff finds
that the bases for the development of detailed system vibration test procedures are reasonable
and acceptable. Therefore, RAI 14.2-32 is resolved.

In RAI 14.2-35, the staff asked the applicant to provide information about the vibration test
program schedule and sequence for the system vibration test phase. The applicant provided
this information in DCD, Tier 2, Revision 4, Section 14.2.7, which states, in part, that 9 months
is allowed for conducting the preoperational test phase before the fuel loading date, and

3 months is allowed for conducting the startup and power ascension that commences fuel
loading. Test procedure preparations are scheduled such that approved procedures are
available to the NRC 60 days before their intended use or 60 days before fuel load for power
ascension test procedures. On the basis of this information, RAI 14.2-35 is resolved. This is
addressed by COL Information Items 14.2-2-A and 14.2.4-A in DCD, Tier 2, Revision 6,
Sections 14.2.2.1 and 14.2.7.

14.2.3.11.8 Reactor Internals Vibrations Test (Initial Startup Flow-Induced Vibration
Testing)

In RAI 14.2-24, the staff asked the DC applicant to discuss the expansion, vibration, and
dynamic effects test programs for conformance with applicable RGs including RG 1.20. In
response to this RAI, the DC applicant stated that the development of the test criteria will
require consideration of the potential adverse flow effects on piping systems as recommended
in RG 1.20 and in SRP Sections 3.9.2 and 3.9.5. The applicant did not request any exceptions
to the regulatory positions recommended in the applicable RGs. In addition, nuclear power
plant operating experience has revealed the potential for adverse flow effects from vibration
caused by hydrodynamic loads and acoustic resonance within reactor coolant, steam, and
feedwater systems, as well as reactor internal components such as steam dryers. However, the
system vibration test for the piping systems discussed in DCD, Tier 2, Revision 5,

Section 14.2.8.2.10 does not address these potential adverse flow effects. Therefore, the staff
asked the applicant to describe the implementation of the program to address potential adverse
flow effects on safety-related piping and components in these systems. RAI 14.2-24 S01 was
being tracked as an open item in the SER with open items.

In its response to RAI 14.2-24, Supplement 1, the applicant stated the following:
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The following startup measurements, instrumentations and analyses address the potential
adverse flow effects on safety-related piping and components in these systems applicable
to RG 1.20 requirements:

The details of main steam line acoustic monitoring testing were provided in the response to
RAI 3.9-134.

Vibration sensors on susceptible valve operators provide on-line condition monitoring to
alert potential valve operator failure due to acoustic resonance. Normally sensors are
installed at locations where higher acceleration responses due to dynamic loads, such as
seismic and other building filtered loads are expected. The measured values will be
compared with manufacturer's or IEEE allowable limits.

Instrumentation inside the safety-related flow systems are evaluated for responses due to
vortex shedding and other potential acoustic effect. The thermal well, velocity and pressure
sensors in the feedwater and main steam pipes are examples. Similarly, for components
in non-safety-related systems where damage of such instrumentations might be carried
into safety-related systems, and impact the performance of components such as isolation
or check valves, an evaluation will also be performed. The analysis will be performed in
accordance with ASME Appendix N. The calculated stresses will meet American National
Standard, ANSI/ASME OM-S/G criteria.

The preoperational and startup test requirements have been provided in the response to
RAI 3.9-70. The test hold points are described in the response to RAI 3.9-68. The DC
applicant stated that no DCD changes will be made in response to this RAI.

In accordance with the guidance for flow induced vibration testing in RG 1.2, the staff reviewed
the response to RAI 14.2-24 S01 and finds that it is acceptable. Therefore, RAI 14.2-24 SO01 is
resolved.

In RAI 14.2-97, the staff expressed concerns that the discussions of the test description and
acceptance criteria for the reactor internals vibration test program (Initial Startup Flow Induced
Vibration Testing) in ESBWR Revision 5, Section 14.2.8.2.11, are too broad and general. The
staff also indicated that there is no reference to the GEH Licensing Topical Report
NEDE-33259P, Revision 1, “Reactor Internals Flow Induced Vibration Program,” which contains
an item-by-item discussion of the components requiring testing during the startup test program
of the first ESBWR, as well as the types and locations of the sensors for monitoring FIV
behavior. The applicant should revise the test description in ESBWR Section 14.2.8.2.11 to
include a discussion demonstrating conformance with this topic and other applicable references
in the ESBWR DCD. The applicant’s current approach to steam dryer load definition is
identified as the plant-based load evaluation method, which is discussed in Licensing Topical
Report NEDC-33408P, “ESBWR Steam Dryer-Plant Based Load Evaluation Methodology.” The
development of the FIV loads, as described in this report, is in accordance with RG 1.20,
Revision 3. The FIV loads will be used in combination with other design loads in qualifying the
steam dryer as described in Licensing Topical Report NEDE-33313P, “ESBWR Steam Dryer
Structural Evaluation.” The staff requested that the DC applicant discuss conformance with
these licensing topical reports in Section 14.2.8.2.11 of the DCD.
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RAI 14.2-97 was being tracked as an open item in the SER with open items.

The applicant provided the following response to RAI 14.2-97: “A description of the Flow
Induced vibration program and associated startup testing is provided in DCD, Tier 2, Section 3L.
Section 3L includes references to topical reports NEDE-33259P, Revision 1, NEDC-33408P,
and NEDE-33313P. A reference to DCD, Tier 2, Subsection 3.9.2.4 will be added to
Subsection 14.2.8.2.11. The applicant plans to revise DCD, Tier 2, Subsection 14.2.8.2.11,
“Purpose,” to state: “A complete description of the reactor internals vibration test program is
provided in Subsection 3.9.2.4.” The applicant added this information to DCD, Tier 2,
Subsection 14.2.8.2.11, Revision 6. Therefore, RAI 14.2-97 is resolved.

14.2.3.11.9 Feedwater Control Test

In RAI 14.2-80, the staff requested additional information regarding DCD, Tier 2,

Section 14.2.8.2.12, “Feedwater Control Test”. Specifically, the staff asked that the criteria
section be expanded to include open and closed loop testing to check the dynamic flow
response of the main feedwater actuators and the dynamic response of the master level
controller, respectively.

In its response to RAI 14.2-80, the applicant stated the following:

During the preoperational test, FWCS open loop and closed loop testing will be
performed.

In control system open loop testing, the demand of the low flow controller or the
Adjustable Speed Drive feedwater pump speed controller will be adjusted and
the feedwater flow will be monitored to check the dynamic response of the
feedwater low flow control valve actuator position or variable frequency drive
pump speed.

In control system closed loop testing, the master level controller’s set point will be
adjusted and the feedwater flow and reactor water level will be monitored to
check the dynamic response of the FWCS.

In accordance with this response to RAI 14.2-80, the applicant plans to revise the “Criteria”
description in DCD, Tier 2, Section 14.2.8.2.12, as shown below:

The FWCS performance shall be stable such that any type of divergent response
is avoided. Through the Open and Closed Loop testing, the response shall be
sufficiently fast but with any oscillatory modes of response well damped, usually
with decay ratios less than 0.25.

On the basis of this change in DCD, Tier 2, Revision 5, Section 14.2.8.2.12, the staff finds this
response acceptable. Therefore, RAI 14.2-80 is resolved.

14.2.3.11.10 Plant Service Water System Performance Test
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In RAI 9.2-24, the NRC staff requested that the applicant describe in Subsection 14.2.8.2.18,
PSWS Performance Test, the automatic actuation of the PSWS standby loop or actuation of
both loops following a loss of power. The applicant should describe that this test will not result
in a significant water-hammer event with the PSWS return aligned to either the natural draft or
mechanical draft cooling towers.

In response to RAI 9.2-24, the applicant modified a bullet in DCD, Tier 2, Revision 6,
Subsection 14.2.8.1.51, “Plant Service Water System Preoperational Test,” General Test
Methods and Acceptance Criteria to state: “Proper operation of system valves, including
automatic air release/vacuum valves, including timing, under expected operating conditions.”

The staff finds that this addresses mitigation of water hammer while performing preoperational
testing of the PSWS. The air release/vacuum valves remove any air in the service water
system to prevent water hammer before preoperational testing begins (e.g., starting the service
water pumps). The staff finds that the modified bullet in DCD, Tier 2, Subsection 14.2.8.1.51,
Revision 6, is acceptable and is unnecessary to modify DCD, Subsection 14.2.8.2.18; therefore,
this portion of RAI 9.2-24 is resolved.

14.2.3.11.11 Liquid Radwaste System Performance Test

The staff identified that there was an inconsistency in DCD, Tier 2, Revision 4, Section 14.2.9
and Table 14.2-1, with respect to the scope of the test matrix assigned during power ascension
for the LRS. Specifically, Table 14.2-1 did not include midpower as a testing plateau in
confirming the performance of the LRS. This omission was inconsistent with the design
objective of the liquid radwaste processing system of DCD, Tier 2, Revision 4, Section 11.2,
which stated that the system was designed to control, collect, process, handle, store, and
dispose of liquid wastes generated during normal operation and anticipated occurrences without
making any distinctions among the various phases of power ascension or operation.

In RAI 14.2-91, the staff requested that, in accordance with RG 1.68, the applicant revise DCD,
Tier 2, Table 14.2-1, to include midpower as a testing phase during reactor power ascension.
This change to the LWMS test matrix would make it consistent with the text matrix assigned for
the gas waste management System/offgas system.

In its response to RAI 14.2-91, the applicant agreed to identify performance testing of the LRT in
the midpower plateau as a point to conduct LRT. The applicant added this information to DCD,
Table 14.2-1, Revision 5 thereby resolving RAI 14.2-91.

14.2.3.11.12 Steam and Power Conversion System Performance Test

In RAI 14.2-54, the staff requested additional information in DCD, Tier 2, Section 14.2.8.2.33.
Specifically, the staff asked the applicant to provide acceptance criteria for each of the power
conversion systems and components, similar to the descriptions of Level 2 acceptance criteria
in Section 14.2.12.2.39 of the advanced BWR DCD to ensure that all power conversion systems
and components meet their design criteria.

In DCD, Tier 2, Revision 3, Section 14.2.8.2.33, the applicant added the following information to
the “Criteria” section:
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Performance characteristics (such as pressures, flows, temperatures, voltage,
amps) of the various systems in the power conversion systems and related
subsystems will be monitored and the data obtained will be evaluated against the
systems process flow diagrams or equivalent design basis information. Any
deviations observed will be evaluated to determine the cause and significance of
the deviation.

In addition, in its response to RAI 14.2-54, the applicant stated that the test specifications to be
created for each plant will provide the detailed test criteria, including the level of the criteria that
defines the actions required if the test criteria are not met. This is COL Information Item 14.2-2,
which will be available to the NRC 60 days before its intended use. The staff finds these
changes to DCD, Tier 2, Revision 3, Section 14.2.8.2.33, and the COL Information Item to be
acceptable. Therefore, RAI 14.2-54 is resolved.

14.2.3.11.13 Turbine Trip and Generator Load Rejection Test

DCD, Tier 2, Section 8.3.1.1 states that the unit auxiliary transformers provide normal preferred
offsite power or generator island mode power to each of the plant's two power generation and
plant investment protection load groups.

The DC applicant does not include the demonstration of generator island mode operation. In
RAI 14.2-100, the staff asked the applicant to include in DCD, Section 14.2.8.2, “Initial Startup
Test Description,” the main generator island mode operation test or provide justification for not
including this test in the startup test program. This is RAI 14.2-100.

In response to RAI 14.2-100, the DC applicant stated, in part, that, the following:

In DCD, Tier 2, Subsection 14.2.8.2.27, Turbine Trip and Generator Load Rejection
Test, the method of testing the turbine trip and generator load rejection will be clarified
by adding a statement that delineates which breaker (generator output breaker or
switchyard breaker) is open in which test. In addition, the test success criteria section
that the plant shall not SCRAM following a turbine trip or generator load rejection testing
will be removed.

The DC applicant revised DCD, Subsection 14.2.8.2.27, “Description,” to state:

From an initial power level of 100%, the main generator is tripped (generator output
breaker is open for the turbine trip test and the switchyard breaker is opened for the
generator load rejection test) in order to verify the proper reactor and integrated plant
response.

The DC applicant also revised the DCD, Subsection 14.2.8.2.27, “Criteria,” to state:
For high power turbine or generator trips, reactor dynamic response shall be consistent

with predictions based on expected system characteristics and shall be conservative
relative to analysis results based on design assumptions.
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The applicant added this information to DCD, Tier 2, Subsection 14.2.8.2.27, Revision 6.
Therefore, RAI 14.2-100 is resolved.

14.2.3.11.14 Isolation Condenser System Performance Test

In RAI 14.2-3, the staff requested additional information regarding the IC performance test
description in DCD, Tier 2, Section 14.2.8.1.63. The staff had concerns about the structural
integrity and design of the ICS. The specific concern was leakage in the ICS during testing at
the PANTHER-IC facility, which the staff considered an issue of ICS structural integrity that
needed to be resolved for the ESBWR DC. The applicant stated that the O-ring design has
been changed to a Helicoflex self-energizing O-ring design that will be more resilient to
distortion. The applicant further stated that closing of the condensate return valve will be
controlled to limit the gradients associated with shutdown and cooldown of the ICS heat
exchanger.

Further, in DCD, Tier 2, Table 14.2-1 indicates that the ICS performance test will be conducted
at medium-power (MP) level, but not at high-power (HP) level. Since one of the objectives of
the power ascension test should be to demonstrate ICS structural integrity, the staff believes
that an ICS performance test at HP is more appropriate because the operating conditions at HP
are expected to be more challenging to the structural integrity of the ICS. The staff, therefore,
requested that the IC system performance test be conducted at the HP rather than MP level.

In its August 18, 2006, response to RAI 14.2-3, the applicant stated that the ascension test
matrix (DCD, Tier 2, Table 14.2-1) proposes that the ICS be tested at medium (up to about

75 percent rated) power. The applicant further stated that pressure and temperature, not the
reactor power level, affect the structural integrity of the ICS. When the reactor startup begins,
the reactor is brought to the rated pressure and temperature at approximately 5 percent power,
as stated in DCD, Tier 2, Section 14.2.1.3. As the power level increases, the same rated
pressure and temperature will be maintained; therefore, conducting the ICS test at MP will be
sufficient. The applicant also stated that testing at HP would not be more challenging from the
viewpoint of structural integrity of the ICS. In addition, testing the ICS at MP, instead of HP,
would avoid a potential HP transient resulting from IC system cold water injection into the RPV
that could challenge thermal limits on the reactor core; therefore, testing the ICS at MP would
be more appropriate. On the basis of this information, the staff determined that the applicant’s
response is acceptable. Therefore, RAI 14.2-3 is resolved.

14.2.3.12 Initial Test Program Test Abstract Conclusions

On the basis of its review, the staff determined that the test abstracts provided by the applicant
are consistent with the criteria in RG 1.68 and SRP Section 14.2 with the exceptions noted in
the remaining unresolved RAIs. Further, since the COL holder will be responsible for the
development of detailed test specifications and test procedures, the staff determined that it was
acceptable to defer development of the test specifications and test procedures until the COL
phase. COL Information Item 14.2-2-A encompasses this issue.

14.2.4 Site Specific Preoperational and Start Up Tests
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In DCD, Section 14.2.9, the applicant stated the COL applicant will define any required site
specific preoperational and start up testing. This is identified in DCD Revision 6 as COL
Information Item 14.2-5-A.

In RAI 14.2-15, the staff requested additional information regarding the SSCs and design
features listed in Section 14.2.9 of the ESBWR DCD, Tier 2 that the applicant identified as
candidates for exemptions from operating license conditions requiring prior NRC approval for
major test changes. The staff asked the applicant to provide the basis for exemption for each of
the listed SSCs.

In its October 28, 2006, response to this RAI, the applicant deleted the list of specific systems in
DCD, Tier 2, Section 14.2.9, and revised the section to denote that the COL applicant will list
any tests to be performed as part of the power ascension test phase that are proposed to be
exempt from operating license conditions requiring NRC prior approval for major test changes
and the basis for the exemption. The applicant included a list of systems that are related to site-
specific aspects of the plant that need testing to demonstrate their capability to meet
performance requirements and acceptance criteria. Below are the systems that may require
such testing:

electrical switchyard and equipment

site security plan

personnel monitors and radiation survey instruments
automatic dispatcher control system (if applicable)

The applicant also stated that if tests are identified as requiring exemption from operating
license conditions after the COL application has been submitted, the Licensee will identify the
tests requiring exemption and the basis for the exemption.

The staff reviewed the applicant’s response to this RAI. Regulatory Position C.1 of RG 1.68
specifies criteria for determining which SSCs and design features must be tested. Certain tests
during the initial startup test phase may be subject to license conditions requiring prior NRC
approval for major test changes. For such instances, the DC applicant deferred this
responsibility to the COL applicant. The staff found that this was consistent with RG 1.68 and,
therefore, acceptable. The staff also reviewed DCD, Tier 2, Revision 3, Section 14.2.9, and
determined that the revised text appropriately addresses the staff concern and is acceptable.
Therefore, RAl 14.2-15 is resolved.

14.2.5 Summary of COL Information Items

The staff finds that all ITP COL information items are in accordance with RG 1.68 and SRP
Section 14.2; therefore, they are acceptable.

14.2.1-A Description -Initial Test Program Administration

A description of the initial test program administration is developed and made available
to the NRC by the COL applicant (Subsection 14.2.2.1).
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14.2.2-A Startup Administrative Manual

The COL Applicant will provide milestones for completing the A SAM making it available
for NRC inspection (Subsection 14.2.2.1).

14.2-3-A Test Procedures

The COL Applicant will provide milestones for making available to the NRC approved
test procedures satisfying the requirements for the ITP (Subsection 14.2.2.2).

14.2-4-A Test Program Schedule and Sequence

The COL Applicant will provide a milestone for completing the detailed testing schedule
and making it available to the NRC (Subsection 14.2.7).

14.2-5-A Site Specific Tests

The COL applicant will define any required site specific preoperational and startup
testing (Subsection 14.2-.9).

14.2-6-A Site Specific Test Procedures

The COL Applicant will provide milestones for making available to the NRC approved
test procedures satisfying the requirements for the ITP (Subsection 14.2.9).

14.2.5 Conclusions

The staff reviewed the RAls noted below and found that these RAls (1) were outside the scope
of RG 1.68 and SRP Section 14.2, (2) resulted in a change to another DCD section and were
addressed in those sections of the SER, (3) did not result in any change or were very minor
editorial comments on DCD, Section 14.2, or (4) were already discussed in another RAIl in SER
Sectin14.2. Therefore, SER Section 14.2 does not discuss RAls 14.2-1, 14.2-2, 14.2-14,
14.2-22, 14.2-23, 14.2-25, 14.2-27, 14.2-28, 14.2-31, 14.2-33, 14.2-34, 14.2-45, 14.2-49,
14.2-52, 14.2-56, 14.2-58, 14.2-60, 14.2-61, 14.2-62, 14.2-67, 14.2-69, 14.2-71, 14.2-72,
14.2-83,14.2-84, 14.2-87, and 14.2-88. The staff determined that the RAls listed above are
resolved.

The staff completed its review of the ESBWR ITP in accordance with the requirements of

10 CFR 52.47, “Contents of Applications; Technical Information”; 10 CFR 50.34, “Contents of
Applications; Technical Information”; 10 CFR 52.79, “Contents of Applications; Technical
Information in the FSAR”; and Criterion XI, “Test Control,” of Appendix B, “Quality Assurance
Criteria for Nuclear Power Plants and Fuel Reprocessing Plants,” to 10 CFR Part 50. The staff
concludes that that the applicant provided sufficient information in the ITP to test all SSCs
important to safety and adequately addressed the methods and guidance contain in SRP
Section 14.2 and RG 1.68. The staff concludes that the DC applicant resolved all open items
related to the ITP; therefore, the DC applicant’s ITP is acceptable.
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14.3 Inspections, Tests, Analyses, and Acceptance Criteria

This section provides the selection criteria and processes used to develop the ESBWR ITAAC.
This section addresses the ESBWR DCD, Tier 2, Section 14.3, and ESBWR DCD Tier 1.

14.3.1 Selection Criteria and Methodology for Tier 1
Summary of Application

DCD, Tier 2, Section 14.3, discusses the criteria and methodology for selecting the SSCs to be
included in the ITAAC. This section includes definitions and general provisions, design
descriptions, ITAAC, significant site parameters, and significant interface requirements. It
specifically addresses the ITAAC for the SSCs within the scope of the ESBWR DCD. In
addition, this section addresses the proposed ESBWR design acceptance criteria (DAC) for
specific areas for which a design process has been prescribed to produce predictable and
acceptable designs. DCD, Tier 2, Section 14.3, also includes a proposed approach for
completing the design-related ITAAC (i.e., DAC).

DCD Tier 1 provides the results of the implementation of the DCD, Tier 2, Section 14.3,
selection criteria and methodology for determining the SSCs described throughout DCD Tier 2.
These need to be included in the ESBWR DCD Tier 1 verification program to ensure that an
ESBWR facility has been constructed and will operate in accordance with the design
certification (DC).

Regulatory Basis

10 CFR 52.47(b)(1), requires that the DC application contain the proposed ITAAC that are
necessary and sufficient to provide reas