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Additional Evolutionary Light Water Reactor Certification Issues"; and in
draft Commission papers, "Issuves Pertaining to Evolutionary and Passive Light
Water Reactors and Their Relationship to Current Regulatory Requirements," and
"Design Certification and Licensing Policy Issues Pertaining to Passive and
Evolutionary Advanced Light Water Reactor Designs," that were issued on
February 27 and July 6, 1992, respectively.

In SRM dated June 26, 1990, and April 1, 1991, the Commission provided its
decisions on SECY-90-016 and SECY-91-078 as they apply to evulutionary
designs, The Commission will be reviewing the basis for the approach that the
staff is proposing for those issues discussed in the draft Comnission papers
of February 27 and July 6, 1992, and, accordingly, may at some future point in
the review determine that such issues involve policy questions that the
Commission may wish to consider. These issues are considered fundamental to
agency decisions on the acceptability of the ALWR designs. The staff will
ensure satisfactory implementation of Commission guidance regarding these
matters during its review of individual applications for final design approval
and design certification.

There are no open issues pertaining to the Requirements Document for evolu-
tionary plant designs other than policy issues on which the staff has taken a
position, but for which the Commission has not had the opportunity to provide
guidance. These issues are summarized in Section 4 of Volume | and discussed
in detail in this report,
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PREFACE

This safety evaluation report (SER) (Volume 2) documents the review by the
U.S. Nuclear Regulatory Commission (NRC) staff of the 13 chapters of Volume 11
of the Electric Power Research Institute's (EPRI's) Advanced Light Water
Reactor (ALWR) Utility Requirements Document (hereafter referred to as the
“Evolutionary Requirements Docunent"). Volume 1, which contains the program
summary of the NRC review of Volumes I, 11, and 111 of the ALWR Utility
Requirements Document, also contains the references cited and the abbrevia-
tions used in this SER.

tach chapter of the Evolutionary Requirements Document defines the ALWR
Utility Steering Committee's requirements for the design of evolutionary
plants. These requirements apply to boil1n?-w|tcr reactors (BWRs) and
pressurized-water reactors (PWRs), which will be rated at approximately 1350
megawatts-electric,

The design criteria specified by EPR] are intended to ensure that EPRI's
policy statements discussed in Volume I of the ALWR Utility Requirements
Document are met. These policy statements are discussed in Section 1.3 of
Volume 1 of this report. They include censideration of simplification, design
rargin, human factors, safety, rc?ulatory stabilization, standardization, use
of proven technology, maintainabiifty, constructibility, quality assurance,
economics, protection against sabotage, and environmental effects.

The format of each chapter of this SER follows that of the corresponding
chapter of the Evolutionary Requirements Document as closely as possible.
Unless otherwise noted, references to sections of the Evolutionary Require-
ments Document pertain to that chapter,

Qutstanding [ssues

During its review of the original version of the Evolutionary Requirements
Document, the staff identified two types of issues for which additional
information was required before the staff could reach a final conclusion. The
staff considered these issues to be outstanding. These issues fell into one
of two categories: (1) open issues that had to be resolved before the staff
could complete its review of the Evolutionary Requirements Document or (2)
confirmatory issues for which the staff would ensure that EPRI met its
commitments to revise the Evolutionary Requirements Document.

There are no open issues remaining on the Requirements Document for evolu-
tionary plant designs other than policy issues on which the staff has taken a
position, but for which the Commission has not had the opportunity to provide
guidance. To provide continuity of the review, both the open and confirmatory
items identified in the DSERs and the remaining open policy issues are 1.sted
in Sectien 1.4 of each chapter.
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Yendor- or Utility-Specific ltems

During its review of the Evolutionary Requirements Document, the staff
jdentified items that were inadequately addressed b{ EPR] or were issues that
could not be addressed generically. These items will have to be resolved
during the staff’'s review of a vendor- or utility-specific application (i.e.,
an application for final design approval and design certification (FDA/DC) or
» .ombined construction permit and operating license (combined license). They
a. ~ listed in Section 1.5 of each chapter.

As discussed in Section 1.2 of Volume 1 of this report, the Requirements
Document has no legal or regulatory status and is not intended to demonstrate
complete compliance with the Commission's regulations, regulatory guidance, or
polictes. 1t is not intended to be used as a basis for supporting FDA/DC for
a specific design, nor is it to be used to substitute for any portion of the
staff's review of future applications for FDA/OC. Specifically, satisfactory
resolution of the items identified in Sections 1.4 and 1.5 of each chapter for
a vendor- or utility-specific application will not, by itself, support a
finding that the application complies with the Commission’s ro?ulatory
requirements, The staff wil)l perform a complete licensing review of these
applications using NUREG-0800, "Standard Review Plan (SRPZ for the Review of
Safety Analysis Reports for Nuclear Power Plants," and other appropriate
Commission guidance. Satisfactory resolution of the open policy issues and
ven?orw or utility-specific items constitutes only one portion of the staff's
review.

Availability

Copies of this report are available for inspection at the NRC Public Document
Room, 2120 L Street, N.W., Washington, DC 20555.

The NRC project managers for the staff's review of EPRI's ALWR Utility
Regquirements Document are J. H. Wilson and T, J. Kenyon. They may be contact-
ed by calling (301) 504-1118 or by writing to: Associate Directorate for
Advanced Reactors and License Renewal, U.S. Nuclear Regulatory Commission,
Washington, DC 20555,
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CHAPTER 2, "POWER GENERATION SYSTEMS"
1 INTRODUCTION

This chapter of the SER documents the NRC staff's review of Chapter 2, "Power
Generation Systems," of the Evolutionary Requirements Document through
Revision 3. Chapter 2 was prepared, under the project direction of EPRI and
the ALWR Utility Steering Committee, by ABb Combuztion Engineering; Bechtel
Power Corporation; Duke Power Conpany; General Electric Company; MPR Associ-
ates, Inc.; S. Levy Incorporated; Science Applications International Corpora-
tion; Westinghouse Electric Corporation; and EPRI.

On October 15, 1986, EPRI submitted the crigina] version of Chapter 2 of the
Evolutionary Requirements Document for staff review. By letters dated

May 27 and June 12, 1987, the staff requested that EPRI supply additional
information. EPRI provided the information in its response dated Septem-
ber 17, 1987. Topic papers in Appendix B of the original version of this
chapter were relocated to Appendix B of Chapter 1.

On February 1&, 1988, the staff issued its DSIR for Chapter 2 of the Evolu-
tionary Requirements Document. In August 1988, April 1989, and July 1990, the
staff and EPRI met with the Advisory Committee on Reactor Safeguards (ACRS)
Subcommittee on Improved Light Water Reactors to discuss Chapter 2, the
staff's corresponding DSER, the outstanding issues from the staff’s review of
Chapter 2, and EPRI's approach to resolving each issue.

On Seplember 7, 1990, EPRI submitted Revision 1 of the Esclutionary Require-
ments Document. Revisions 2, 3, and 4 were docketed on Airil 256 and
November 15, 1991, and April 17, 1992, respectively.

1.1 Review Criteria

Section 1 of Volume 1 of this report describes the approach and review
criteria used by the staff during its review of Chapter 2 of the Evolutionary
Requirements Document.

1.2 Scope and Structure of C(hapter 2

Chapter 2 of the Evolutionary Requirements Document defines the ALWR Utility
Steering Committee's overall reguirements for the power generation systems.
Although these requirements apply to BWRs and PWRs, which will be rated at
approximateiy 1350 MWe, a plant rated at 1100 MWe with a six-flow turbine was
use? in establishing some requirements that are based, in part, on ecunemic
evaluations.

The key topics addressed in the Chapter 2 review include EPRI-proposed desigr
requirements for

¢ main/extraction steam system
« feedwater and condensate system

EPRI Evolutionary Plant SER 2.1-1




chemical addition system
condensate makeup purification system
aux*liary steam system

1.3 Policy Issyes

During its review of Chapter 2 of the Evolutionary Requirements Document, the
staff did not identify issues that involve policy questions for the technical
areas discussed in this chapter, other than those a\roudi fdentified in the
Commission papers listed in Appendix B to Chapter 1 of this report.

1.4 Outstanding lssues

The DSER for Chapter 2 of the Evolutionary Requirements Ducument contained the
following outstanding issues:

Open _lssues

1) classification of power generation system components (2.1)
2) clarification of guidance regarding valving and piping materials (2.2)

Confirmatory lssues

None

—

The final disposition of each of these i1ssues is discussed in detail in the
appropriate section of this chapter, as indicated by the parenthetical
notation following each issue. A1l issues identified in the DSER for
Chapter 2 have been resolved.

1.5 Vendor- or Utility-Specific Items

The vendor- or utility-specific items, with references to appropriate sections
of this chapter given in parentheses, are listed beiow. The designators in
front of each issue provide a unique identifier for each issue. The letter
“E" indicates that the issue applies to evolutionary plant designs. The first
number designatas the chapter in which it is identified. The letter "V"
designates that it is a vendor- or utility-specific item, The final number is
the sequential number as.igned to it in the chapter.

safety valve desi*n (3.4)
attachment loads for safety and relief valves (3.4)

1
£.2.V-2
£.2.V-3 side stream condensate polisher (4.3)
£.2.V-4 condensate makeup system raw water pretreatment (6.4)
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2 COMMON REQUIREMENTS

2.1 General Requirements

EPR] states that the design of systems covered by this chapter will comply
with the overall requiremeris of Chapter 1| of the Evolutionary Requirements
Document. These systems include the main/extraction steam, feedwater and
condensate, chemical addition, condensate makeup purification, and auxiliary
steam systems. Consequently, the resolution of any open issues identified in
the DSIR for Chapter 1 (e.g., the application of leak-before-break analyses)
could result in associated changes in Chapter 2.

v 11 has modified Chapter 1 to provide guidance to the plant designer for
classifying and desi?ning safety-related portions of systems for seismic and
environmental qualification. The staff evaluated the revised section and
table in Chapter 1 (Section 4.3, "Classification Requirements," and

Table 1.4-1, "Structural Codes and Standards for Structures, Systems and
Equipment,"). In the DSER for Chapter 2, the staff concluded that the
classification information was still insufficient and too general to provide
adequate guidance to plant desigrers. It, therefore, recommended that, for
each system 1isted in Chapter 2, the corresponding design code or standard be
specified for the piping and equipment and that the schematic diagram for each
system include the jurisdictional boundaries for the corresponding design
codes and standards. The staff position on seismic and environmenta) qualifi-
cation, stated 1.. Section 4 of the DSER for Chapter 1, was also referenced.
This was an cpen issue in the DSER for Chapter 2.

In a letter dated March 14, 1991, EPRI responded to this DSER open issue by
stating that specification of design codes and standards would require a
detailed design that was beyond the scope of the Evolutionary Requirements
Document and, therefore, no changes would be made to Chapter 1. The staff
agrees that the original concern expressed in the DSER for Chapter 2 requires
a level of cetail that is generally beyond that of Chapter | and, therefore,
this DSER open issue is closed. MHowever, this issue is closely related to an
open issue in Chapter 3 of this report concerning the control of BWR main
steamline isolation valve leakage, which EPRI identified as a plant optimiza-
tion subject in Section 2.3.1 of Appendix B to Chapter 1. EPRI proposes a
requirement to eliminate the BWR main steamline isolation valve leakage
control system and to provide an alternative leakage pathway (i.e., the main
steamline and the condenser) to the main condenser downstream of the isolation
valves in the event of a loss-of-caolant accident. This issue is also related
to EPRI requirements in Section 3.3.2 of Appendix B, Section 3.4.1.5 of
Chapter 2, Section 5.3.3 of Chapter 3, and Section 3 of Chapter 13 and is
discussed further in the corresponding sections of this report.

2.2 Specific Requirements
2.2.1 Valves

In Section 2.2.8 of Chapter 2 of the original Evolutionary Requirements
Document, EPRI provided substantial guidance to plant designers aimed at
minimizing and simplifying the valving throughout the power generation
systems., The staff did not find any discrepancies with respect to current
licensing requirements; however, it did request clarification of several items
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in 1ts comments on valving and piping materials (Section 2.2.C) and considered
this to be an open issue in the USER for Chapter 2. In the DSER, the staff
determined that requirements pertaining to material embrittlement and surveil-
lance of valves and pipes in Section 2.2 of Chapter 2 were inadequate. EPRI
revised Section 2.2.2 to reference Section § of Chapter 1, which provides
requirements pertaining to material embrittlement and surveillance. The staff
c?ncigdos that the revised Section 2.2.2 is acceptable and this issue 1s
closed.

Section 12.2 of Chapter | specifies valve and valve actuator requirements for
the ALWR,

2.2.2 Materials

Section § of Chapter 1 specifies material requirements for the ALWR. Ir
particular, Section §.3.2 contains reguirements specifically for the
feedwater, steam, and condensate systems, including reguirements to minimize
use of copper alloys and to use corrosion/erosion-resistant materials (not
carbon steel) for ptping and components exposed to wet steam or flashing
liquid flow. Sections 3 through 7 of Chapter 2 contain other specific
requirements for materiais in the feedwater, steam, condensate and chemical
addition systems.

2.2.3 Instrumentation and Countrols

The instrumentation and control equipment for the power generation systems
will meet the requirements of Chapter 10 of the Evolutionary Requirements
Document. Controls and displays and their location will be established by the
analyses of functions also reguired by Chapter 10,

With respect to instrumentation and controls (1&4C), Chapter 2 defines func-
tional requirements that will affect their type, range, and location but notes
that the actua) desi.n requirements are given in Chapter 10. The staff has,
therefore, documented its review of the ?&C requirements in Chapter 2 in
Chapter 10 of this report.

EPRI Evolutionary Plant SER 2.2-2
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T MAIN/EXTRACTION STEAM SYSTEM
3.1 Syster Definition

Section 3.1.1 of Chapter 2 of the Evolutionary Reguirements Document states
that the main/extraction steam system will be designed to (1) transport main
steam from the steam generator (for PWR) or main steam isolation valve (for
BWR) to the high-pressure turbine and to the moisture separator reheater;

(2) \ransport extraction steam from the high-pressure and low-pressure
turbines to the feedwater heaters; (3) providc steam to the auxiliary steam
system and the emergency feedwater system turbine-driven purps (for PWR);

{4) provide steam b{pass capability via the turbine bypass system for startup,
shutdown, and step-load reduction tri ~fents (for BWR); (5) provide steam
bypass and relief capacity for normal cperating conditions and off-normal
transients (for PWR); (6) provide isolation of the ma - steamlines in case of
« main steamline break (for PWNR); and (7) provide steam to steam jet air
e,ectors and to gland seals, etc. For the PWR, the system will include main
steam piping from steam generators to the main turbine, main steam isclation
valves (MSIVs), extraction steam piping, turbine bypass system, moisture
segarator/reheater, safety valves, and power-operated relief valves. For the
BWR, the system will include main steam piping downstream of the second MSIVs,
extraction steam piping, turbine bypass system, and moisture separator/heater.

PMR System Boundaries

Section 3.1.2 of Chapter 2 defines the main/extraction steam system boundaries
as consisting of the following for a PWR:

main steam piping up to but not including the turbine stop valves
hot reheat piping up to but not including the vsheat stop valves
extraction steam and cold reheal piping

turbine vypass system

moisture separator/reheater

MSIVs

safety valves

power-op' rated relief valvas

EWR System Boundaries

Section 3.1.2 o Chapter 2 defines the main/extraction steam system boundaries
as consisting of the following for a BWR:

* main steam piping downstream of the second MSIV up to, but not including,
the turbine stop valves

* hot reheat piping up t¢ but not including the reheat stop valves
* extraction steam and cold reheat pining
* turbine bypass system

¢ moisture separator/heater

EPRI Evolutionary Plant SER 2.3-.
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The BWR MSIVs are rot included becaute they are addressed in Chapter 3 of the
Evolutionary Requirements Document. EPRI's design requirements for the
turbine-generato* ave provided in Chapter 13.

Interfices

Section 3.1.3 of Chapter 2 lists the systems with which the main/extraction
steam system wil)l interface. That is, the BWR reactor coolant system (RCS)
and PWR steam generator system (Chapter 3), turbine-generator system

(Chapter 13), the emergency feedwatecr sysiem turbine-driven pumps (Chapter §),
and the BWR radiocactive waste drain system (Chapter 12).

3.2 Performance Requirements

Section 3.2 of Chapter 2 of the Evolutionary Requirements Document definec the
performance requirements for steam bypass and relief capability, MSIVs, and
MSIV bypass lines.

Section 3.2.1.1.3 of Chapter 2 states that all of the turbine bypass system
flow will be directed to the condenser in order to conserve secondary water
inventory. The staff is concerned about those times +hen the main condenser
is not available. Applicants referencin? the Evoluticcarv Requirements
Document should consider allowing the release of nonconvamiruted steam through
the steam bypass and relief system at settings below which the safety/relief
valves operate. This procedure 15 consistent with the rationale of minimizing
safety valve actuations and the conservation of secondary water inventory.

Section 3.2.1.3.1 of Chapter 2 states that for BWRs, the total flow capacit
of the turbing bypass system will be 33 percent of the full turbine steam flow
at full-')ad steam pressure.

For PWRs, Section 3.2.1.2.1 of Chapter 2 requires that the tota)! flow capacity
of the turbine bypass system be sufficient to eliminate challenges to the
steam generator power-operated relief valves (PORVs) during reactor trip from
full-power transient or turbine trips without reactor trip from 100-percent
power. Section 3 3.2.2 further states that the maximum differential pressure
between any two steam generator outlet nozzles should be less than 10 psi.

Tne staff finds that these requirements for the PWR will minimize the differ-
ence betwean reactor coolant temperatures at the reactor inlet nozzles and are
acceptable, Because the main steam piping will be designed so as to pass the
full-rated flow of steam to the main turbine, it will have the capability to
remc/e the residual heat from the reactor system in conformance with General
Design Criterion (GDC) 34, “"Residual Heat Removal," of 10 CFR Fart 50.

Table 2.2-1 of Chapter 2 states that the MSIVs in a PWR will be fail-closed,
bidirectional valves capable of stopping fully developed steamline break flows
of buth 100-percent and d4-percent steam within § seconds frllowing receipt of
a safety signal. The MSIVs will be environmentally gualified for both normal
operating conditions and for Lhe environment res.iting from a steamline break.
In the event ¢f a main steamline break and a concurrent single active failure
of one MSIV, the remaining iso’ation valves will close and 1imit the blowdown
to the one steam generator with the broken steamline. The staff finds that
the design reguirements for the MSIVs in a PWR meet the requirements of GDC §7
and the staff's guidelines in SRP Section 6.2.4, "Containment Isulation Sys-
tem," and SRP Section 10.3, *Main Steam Supply System," and are acceptable.
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However, Section 3.2.2 of Chapter 2 of the Evolutionary Regquirements Document
states that to meet the design requirements of the valves and actuators, the
MSIV valve characteristics identified in Table 3-]1 must “e achieved. The
staff notes that the cited table should be Tabie 2.3-1. For the BWR, the
design requirements for the MSIVs and safety and relief valves are addressed
in Chapter 3.

3.3 System features

Sectinn 3.3 of Chapter T of the Evolutionary Requirements Document defines
requirements for system arrangement, system pressure drops and volumes, s’eam
piping drains, and chemistry sampling conrections.

3.4 Component Features

Section 3.4 of Chapter 2 defines the requirements for main/e<traction steam
system components.

Ma‘n SSecnline Classification

ection 3.6.1.5 of Chapter 2 requires that the main steamline from the seismic
restraint on the sutbua.d side of the outermost main steam isolation valves up
to and tucluding the turbine ma‘n steam stop vilves meet the requirements of
sgismic Category 11. The staff identified this requirement as an open issue
during its review of other chapters oy the Evolutionary Requirements Document.
The staff's evaluation and proposes resolution of this issue are provided in
Section 2.3.1 of Appendix B to Chapter 1 of this report.

[xtractiou Steam and Cold Reheat Piping

Section 3.4.2.3 of Chapter 2 specifies that the extrac’ion steam and cold
reheat piping material will be of corrosion-resistant materials meeting the
requirements of Section 5.3.2 of Chapter 1. Carbon steel must not be used.

The staff has also reviewed the materials ruquirements for extraction steam
and cold reheat piping in Section §.3.2 of Chapter | and concludes that they
are acceptable, as documented in Section 5 of Chapter 1 of this report.

Safety Valves (PWR)

Saction 3.4.3.2.2 of Chapter 2 states that the safety valves must be of a
design proven to consistently open fully, at a pressure within acceptable
Tirits around the set pressure. durin? operability tests. The design require-
ments and rationale for the safety valves are based on their functioning

during operability tests. The staff concludes that these valves should also
be able to function in harsh environments during emergencies when they will be
needed to mitigate accidents. Therefore, lgplicants referencing the Evolu-
tienary Requirements Document should base the safety valve design on accident
conditions not operating conditions,

By le.ter dated May 17, 1991, the staff requested that Sections 3.4.3.2.4 and
3.4.3.3.3 of Chapter 2, which discuss attachment loads for PWR safety and
relief valves, respectively, be revised to deletc a reference to American
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requirements in Section 3.6 of Chapter 2 are intended to ensure that mainte-
nance of all main steam system components can be accomplished quickly and
safely, Saction 3.6 of Chapter 2 requires that the rollowing specific
provisions be addressed during the design phase:

* adequate work space and ease of access to equipment and components
* adequate space and 1ifting provisions for removing valve components
* adequate space for laydown of equipmert

* moisture separator/reheater pull fixtures specifically designed for each
location

* physical layout to ensure safety of personne)l during maintenance

The staff concludes that these requiremencs are acceptable because they
represent reasonable provisions to address conditions that have hindered
maintenance at operating power plants.

3.7 Conclusion

The staff concludes that, with the exception of the issues to be addressed by
the applicant referencing the Evolutionary Requirements Document, as noted
above, the design requirements i:n Chapter 2 of the Evolutionary Requirements
Document for *he main/extraction steam system are in general agreement with
SRP Section 10.3 and are, therefore, acceptable.
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conditions (such as a feedwater line Sreak) and, thus, prevent the blowdown of
more than one steam generator. The staff finds that the feedwater isolation
features will ensure postaccident decay “eat removal functions in accordance
with the requiresents of GDC 44, “Cooling Water."

4.3 System features

Section 4.3 of Chapter 2 of the Evolutionary Requirements Document defines the
requirements for feedwater and condensate system components,

Demineralizer/Condensate Polisher

Section 4.3.10.1.1 of Chapter 2 requires the demineralizer/condensate polisher
to maintain water quality suitable for long-term power opevation, startup,
shutdown, and extended outages. Properly designed condens. — polisher- will
be provided to maintain water chemistry within specified 1imits, assuming a
condenser tube leak of 0,001 gpm during continuous operation and 0.1 gpm
during an orderly unit shutdown not longer than 8 hours. In addition, the
polisher system will provide adequate cleanup function during plant heatup and
low-power operatiot,. WNo regeneration of ion exchange resins will be provided
in the systom,

In a PWR, a side stream condensate polisher with deep-bed, mixed-resin ion
exchangers will be used to maintain feedwater chemistry within specified
1imits. Section 4.3.10,2.2 of Chapter 2 states, in part, that if the system
is sized for less than ful) condensate flow, it should be capable of handling
at least one-third of rated condensate flow. At a site using seawater
cooling, a full condensate flow rate system may be required. The sizing of
the polisher is intended to protect the steam generators and other secondary-
side components from corrosion resulting from poor-quality makeup water. If a
full-flow system is not provided, the ‘esign and arrangement should include
provisions for the possible future installation of full-flow capability.
However, the staff is concerned that a side stream condensate polisher may not
be adequate for flow control if a full condensate flow rate system is needed,
The staff will review this issue on a plant-specific basis.

In a BWR, a deep-bed, mixed-resin, full-flow ion exchange demineralizer will
be used. The total condensate flow will be processed through a full-flow
filter to remove particulates from the condensate stream before it enters the
deep-bed condensate demineralizer. The system will maintain feedwater
chemistry within specified 1imits. The water chemistry in the system wiil be
further controlled by deaerating the condensate during startup and during
normal plant operation. In addition, there will be a provision for injecting
chemicals into the condenser for biofouling control. EPR] states that the
condensate polishc=, ion exchange demineralizer, and filter system will be
designed to comply with the general reguirements in Chapter 1 of the Evolu-
tionary Requirements Document.

The ion exchangers will be provided with internal screens to prevent highly
radioactive resin fines from leaving the ion exchangers and being transported
to the steam generators (PWR) cr reactor pressure vessel (BWR) where they
would present a radioactive crud problem. In the event of a failure of one of
these internal screens, resin traps (filters) will be located downstream of
each ion exchanger to trap any resin fines that leave the ion exchanger,
Because the resins in fon exchangers are used to remove radioactive corrosion
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and fission products from the reactor coolant, fon exchangers are typically
large radiation sources that must be shielded to lower the dose rates in
adjacent areas. Since the original Evolutionary Reguirements Document did not
address any design features to minimize personnel exposure during the cleaning
of the resin traps, the staff recommendeus that EPR] address this issue.
Section 12.9.3.14 of Chapter 1 has been revised to require that personnel
exposure be minimized during cleaning of resin traps by locating these traps
out e the fon exchanger enclosure and by providing remote backwash capabili-
ty for the traps. The staff concludes that this revision addresses the
staff's concerns and is, therefore, acceptable.

Capability for Handling Radioactivity

Section 4.3.13 of Chapter 2 states that to reduce the amount of liguid
radioactive water that must be processed, BWR condensate, feedwater, and
heater drain pump sea! leakage will be drained to the condenser hotweil, Any
primary-to-secondary PWR leakage will be removed via the steam generator
blowdown demineralizers. These demineralizers, as well as the condensate
polishers, will be located in areas where temporary shielding can be installed
if necessary.

4.4 (Component Features

Section 4.4.1.1 of Chapter 2 of the Evolutionary Requirements Document states
that the provisions of Chapter 1, requiring that only components that hive
been proven in comparable service, must be followed, Also, to eliminate
overspeed trips on the condensate pumps and the main feed pumps, the dosi?n
pressure for all components downstream of the pumps will be equal to or higher
than the discharge pressure of the respective pumps, assuming no flow (shutoff
head developed across pumps). Finally, portions of the feedwater and conden-
sate system that will be under vacuum during low-power and startup conditions
m:stibO designed to prevent air inleakage and to maintain acceptable water
chemistry,

Condenser

Section 4.4.3 of Chapter 2 requires that the condenser be designed in accor-
dance with Heat Exchanger Institute standards. The condenser will have two or
more parallel circulating water flow paths. Tubing must be of commercially
available lengths. The design must not preclude shop p:efabrication.

In addition, the following requirements must be met:

* The condenser tube material will be Type 304L stainless steel for fresh
water with chloride levels below 200 parts per millioy (ppm). For higher
chloride levels of up to 500 ppm, Type 316L stainless steel tubing will pe
used. A higher grade of stainless steel (such as 904L or AL-6X) must be
used 1f chloride levels are between 500 and 800 ppm. For brackish or salt
water containing high concentratiens of dissolved solids (1000 ppm) or
chlorides (more than 800 ppm) or water contaminated by sewage discharges,
titanium tubing will be used.
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¢ Stainless steel tubing materia) must not be thinner than 22 British Wire
Gauge (BWG). Titanium tubing material must not be thinner than 23 BWG.
impingement protection will be provided. Tube support plates will be
cdesigned to minimize tube vibrations.

» Provisions for chemical injection into the condensate for biofou.ing
control must be included in accordance with site-specific requirements and
applicable regulations.

o Means will be provirded to protect the tubes from pitting when the condenser
is shut down.

¢ Tube sheets will be specified as follows:

- For Type 304L stainless steel tubes, Type 304L stainless-clad carbon
stee) tube sheets must be used.

For Type 316L stainless stee) tubes, Type 316L stainless-clad carbon
steel tube sheets must be used.

- For higher grade stainless steel tubes, stainless-clad carbon steel
tube sheets must be used.

- For titanium tubing, titanium-clad carbon steel tube sheets must be
used.

¢ Double tube sheets or welded tube-to-tube-sheet joints will be pro-vided.

¢ Formation of corrosion products and loss of condenser materials will be
minimized by eliminating steel surfaces that could erode and/or using
materials other than carbon steel.

o leak-detection trays will be included at all tube-to-tube-sheet interfaces.
Provisions fo early leak detection will be provided at tube sheet trays
and in each hotwell section. The hotwel)l will be divided into sections so
that leaks can be detected and located.

The staff concludes that these requirements are acceptable because corrosion-
resistant materials are to be used in the construction of the condenser.
Also, leak-cetection trays are required to provide for early leak detection,

feedwater Heater and Deaerator

Section 4.4.4.1 of Chapter 2 specifies that feedwater heaters tubes be Type
304L stainless steel with carbon steel tube sheets., Tube-to-tube-sheet joints
must be welded.

The staff conciudes that these requirements are acceptable because Type 304L
stainless steel tubes have shown good resistance to the type of physical and
chemical attack common in the power plant feedwater system environment.
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Requlating Valves

Section 4.4.8.1 of Chapter 2 requires that appropriate stainless steel
materials be specified for all valve bodies and internal components, including
heater drain valves, for roculating applications in the feedwater and conden-
sate systems. Design features to facilitate inspection, me: :ienance, and
replacement, as required, of regulating valve internal compon:=ts or valve
seats will be provided.

The staff concludes that these requirements are acceptable because stainless
steel will provide increased resistance to cavitation and erosion damage.

4.5 Instrumentation and Controls

Section 4.5 of Chapter 2 of the Evolut1on|r{ Requirements Document requires
1ns%ruTcntation and control equipment for the feedwater and condensate system,
including

heat balance instrumentation

reactor and turbine trips

level controls

turbine water induction prevention controls
condenser hotwell level control

feedwater string isolation valves

deaerator storage tank level control (PWR)
feedwater heater drain controls

pump trips

4.6 Miintenance

Sectior 4.6 of Chapter 2 refers to the general maintenance requirements in
Chapter 1 of the Evolutionary Requirements Document. EPRI states that the
reauirements in Section 4.6 of Chapter 2 are intended to ensure that mainte-
nance of all feedwater and condensate system components can be accomplished
quickly and safely Section 4.6 of Chapter 2 requires that the specific
provisions for ease of access, adequacy of work space, and laydown areas be
addressed during the design phase,

4.7 Conclusion

The staff concludes that the EPRI requirements for the design of the feedwater
and condensate system do nct conflict with SRP Section 10.4.6, "Condensate
Cleanup System," and SRP Section 10.4.7, “Condensate and Feedwater System,"
and are acceptable.
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5 CHEMICAL ADDITION SYSTEM

5.1 System Definition

The chemical adaition system will be designed to add liquid (for PWR) or
gaseous (for BWR) chemicals as necessary to maintain condensate, feedwater,
and the off-gas (vor BWR) system chemistry within the required 1imits.

5.2 Parformance Requirements

Section 5.2.1 of Chapter 2 of the Evolutionary Requirements Document requires
that the chemical addition systems for PWRs maintain water quality for long-
term operation during all plant conditions. The system will have sufficient
capacity to continuously inject chemicals for 24 hours to limit the need to
replenish the chen'cals. Specific feedwater chemistry requirements are given
in Chapter 3.

Section 5.2.2 of Chapter 2 requ.ces that the gas addition system for BWRs be
capable of maintaining the required gas concentrations at all puwer levels
above 30 percent of full power. Hydrogen addition is part of the industry’s
BWR Hydrogen Water Chemistry Program, discussed in further detail in

Chapter 1 of this report. The system will be capable of providing the
nrescribed gas concentrations 90 percent of operating time.

§.3 System features
PWR

Section 5.3.1 of Chapter 2 specifies, for PWRs, that separate and identical
equipment and tubing for adding and injecting hydrazine and ammonia or
morpholine will be provided in the chemical addition ¢ ‘tem. The system will
consist of the chemical vddition tanks, pumps, piping, instrumentation, and
addition points on the condensate and feedwater system. Chemicals will be
injected into the condensate line downstream of the condensate polisher and
into the suction line of each feedwater booster pump. The performance
requirements specify that the system will be capable of injecting suitable
amounts of hydrazine and ammonia or morpholine duriny plant operation and
during plant layups.

BWR

Section 5.3.2 of Chapter 2 specifies, for BWRs, that the chemical addition
system will consist of gas generation and/or storage facilities, piping, flow
metering, instrumertation, and audition points on the feedwater and off-gas
systems. Separate gas injection tubing will be provided for (1) injecting
oxygen to the condensate, (2) injecting hydrogen into the feedwater, and

f?) addirg oxygen to the off-gas system.

5.4 Component Features

Sections 5.4.1 and 5.4.2 of Chapter 2 require that the chemical addition pumps
in PWRs be fabricated from Type 316 stainless steel and the chemical addition
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tanks be fabricated from Type 304 stainless steel, Section 5.4.3 requires
that the pipe and tubing for the gas addition systems in BWRs be Type 31C
stainless steel.

The staff concludes that these requirements are acceptable because the
specitied materials are compatible with the intended service.

§.5 Instrumentation and Controls

For PWRs, Section 5.5 of Chapter 2 requires automatic control of hydrazine and
ammonia addition pumps and level switches with lTow-Tevel alarms and pump trip
controls on chemical addition tanks.

For BWRs, Section 5.5 of Chapter 2 requires automatic control of condensate
oxygen addition flow, feedwater hydrogen injection flow, and off-gas oxygen
addition flow.

5.6 Maintenance

Section 5.6 of Chapter 2 refers to the general requirements in Section 8 of
Chapter 1 of the Evolutioney Requirements Document. Section 5.6 of Chapter 2
requires that chemical addition skids be designed for ease of maintenance and
quick replacement or individual components.

5.7 Conclusion

The staff concludes that the EPRI requirements for the design ot the chemical
addition system do not conflict with SRP Section 5.4.2.1, Branch Technical
Position MTEB 5-3, “Monitoring of Secondary Side Water Chemistry in PWR Steam
Generators," and with other regulatory requirements and are, therefore,
acceptable.
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e full-flow recirculation
* resin regceneration
* sight glasces for viewing resin levels in mixed-bed vessels

* resin traps downstream of each dem. eralizer vessel

6.4 (omponent Features

Section 6.4 of Chapter 2 specifies specific requirements for components of the
condensate makeup purification system, including the demineralizer, vacuum
degasifier, demineralized water storage tanks, and condensate storage tanks.

Demineralizer

The demineralizer will include cation, anion, and mixed-bed units. A decarbo-
nator may also be provided depending on the alkalinity of the makeup water.
Depending on site-specific raw water guality, the designer may specify a
different demineralizer arrangement based on an evaluation of site-specific
conditions., This wil( be eva?uated during the staff's review of a COL
application.

Section 6.4.1.4 of Chapter 2 requires that demineralizer components be
fabricated from the following materials:

e Demineralizer vessels must be constructed o lined carbon steel.

e Demineralizer skid piping must be constructed of polypropylene-1lined carbon
steel.

e Dilute acid piping must be constructed of Alloy 20.

¢ The demineralizer waste ta.< must include a liner that can withstand the
corrosive effects of the regenerated waste over the complete range of
expected pH values and chemical concentrations. This tank will include
provisions for chemical neutralization.

e Demineralizer waste piping may be constructed of Alloy 20 or other corro-
sion-resistant material such as polyethylene and polypropylene- lined
steel. This piping will be routed above grade so that piping leaks can be
detected.

The staff concludes that these requirements are acceptable because the
materials specified are standard for demineralizer systems.

Yacuum Degasifier

The vacuum degasifier will be of the packed spray tower type design with
makeup water injected at the top of the bed through a distribution system.
Two vacuum pumps will be provided to maintain system vacuum.

Section 6.4.2.2 of Chapter 2 requires that the degasifier vessel be con-
structed of rubber-lined carbon steel. A1l piping vaives and fittings should
be of Type 304 stainless steel.
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6.6 Maintenance

Section 6.6 of Chapter 2 requires that the condensate makeup samplin? system
be located near the processing equipment within an environmental enclosure tc
protect operators and equipment from adverse effects of temperature, humidity,
chemical or steam leaks, and local noise.

6.7 Conclusion
The staff concludes that the design requirements for the condensate makeup

purification system do not conflict with SRP Section 9.2.3, "Demineralized
Water Makeup System," and are acceptable.

4
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7 AUXILIARY STEAM SYSTEM
7.1 initi

The auxiliary steam system will be designed to supply low-pressure non-
radioactive steam to various plant components when the main steam system is
not available and to be the normal source of steam for the radioactive waste
evaporators.

7.2 System Interfaces
The auxiliary steam system will interface with the following systems:
* main steam system (Section 3 of this chapter)

¢ deaerator (PWR) and steam jet air ejectors in the feedwater and condensate
system (Section 4 of this chapter)

* turbine gland sealing system (Chapter 13)

* boron recycle system (PWR) (Chapter 12)

* PWR chemical and volume control system (Chapter 3)

* liquid radioactive waste system evaporator, if used (Chapter 12)

* space and hot water heating system (Chapter 9)

¢ process sampling system (Chapter 3)

* BWR reactor core isolation cooling turbine test system (Chapter 5)
7.3 Performance Requirements

Section 7.3.1 of Chapter 2 of the Evolutionary Requirements Document states
that the auxiliary steam system will have no safety-related function and will
provide steam for the following:

e deaerator pegging (PWR)
* steam jet air ejectors in the feedwater and condensate system
* turbine gland sealing

* boron recycle evaporator and batch tank in PWR chemical and volume control
system

* liquid radioactive waste evaporator/concentrator
* reactor core isolation cooling turbine test (BWR)

¢ space and hot water heating system
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The system will provide the plant with the operational flexibility necessary
to supply the required steam loads during all modes of plant operation.

Section 7.3.3 of Chapter 2 states that the system will be designed to maintain
steam quality consistent with the requirements of the feedwater and condensate
system,

7.4 System Features

Section 7.4 of Chapter 2 requires that the auxiliary steam system be supplied
with steam from a package steam boiler for plant startup and from the steam
system for normal operation. Euch source of steam will include a separate
motor-operated gate valve to isolate the steam from the in-plant auxiliary
steam header. C(ondensate formed in the steam components will be collected in
a condensate collection tank and routed to the auxiliary steam boiler’s
deaerator. Since the original Evolutionary Requirements Document did not
address the prevention of contamination of the auxiliary steam system by
radioactive liquid, the staff recommended that EPRI address this issue.
Section 7.4.3 of Chapter 2 was revised to require that the auxiliary steam
system be designed to prevent contamination by either radicactive steam or
liquid. The staff concludes that this revision will serve to reduce personnel
exposure and is, therefore, acceptable.

7.5 (Component Features

Section 7.5 of Chapter 2 states that only components with proven service will
be used in the auxiliary steam system. Section 7.5.5 of Chapter 2 states that
the auxiliary steam boiler system will consist of two condensate collecting
pumps, two boiler makeu? pumps, and two boiler feed pumps. Each pump will be
100-percent flow and will be provided with a constant recirculation line to
meet minimum flow requirements.

7.6 Maintenan -

Section 7.6 of Chapter 2 refers to the general maintenance requirements in
Section 8 of Chapter 1 of the Evolutionary Requirements Document.

7.7 Conclusion

Since the auxiliary steam system will have no safety-related function and the
NRC has no regulatory requirements for the system, the staff concludes that
the design requirements for the system generally reflect good engineering
practice and are acceptable,
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APPENDIX A
DEFINITIONS AND ACRONYMS

Appendix A of Chapter 2 of the Evolutionary Requirements Document contains

definitions of terms and acronyms. The staff has provided a consolidated 1ist
of acronyms in Volume 1 of this report.
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CHAPTER 3, "REACTOR COOLANT SYSTEM AND REACTOR NON-SAFETY AUXILIARY SYSTEMS"
1 INTRODUCTION

This chapter of Lhe SER documents the NRC staff’s review of Chapter 3,
“Reactor Coolant System and Reactor Non-Safety Auxiliary Systems," of Evolu-
tionary Requirements Document through Revision 3. Chapter 3 was prepared,
under the project direction of EPkI and the ALWR Utility Steering Committee,
by ABB Combusti:n Engineering Nuclear Power; Bechtel Power Corporatinn; Duke
Power Tompany, €zncral Electric Company; MPR Associates, Inc.; S. Levy
Incorporated; Sargent and Lundy; Westinghouse Electric Corporation; and EPRI.

On June 18, 1987, EPRI submitted Chapter 3 of the Evolutionary Reguirements
Document for staff review. By letters dated November 18 and December 11,
1987, the NRC staff requested that EPKI supply additional information. [PRI
provided the infc nation in its responses dated January 25 and March 28, 1988,
Topic papers in Appendix B of Lhe original version of this chapter were
relocated to Appendix B to Chapter 1.

On May 13, 1988, the staff issued its DSER for Chapter 3 of the Evolutionary
Requirements Document. On July 12, 1990, tne staff and EPRI met with the
Advisory Committee on Reactor Safeguards (ACRS) Subcommittee on Impreved |ight
Water Reactors to discuss Chapter 3, the staff's corresponding DSER, the
outstanding issues from the staff's review of Chapter 3, and EPRI’s approach
to resolving each issue.

On September 7, 1990, EPRI submitted Revision 1 of the Evolutionary Require-
ments Document. Revisions 2, 3, and 4 were docketed on April 26 and
November 15, 1991, and April 17, 1992, respectively,

1.1 Review Criteria

Section 1 of Volume 1 of this report describes the approach and review
criteria used by the staff during its review of Chapter 3 of the Evolutionary
Requirements Document.

1.2 Scope and Structure of Chapter 3

Chapter 3 of the Evolutionary Requirements Document defines the ALWR Utility
Steering Committee’s overall requirements for the reactor coolant system and
reactor non-safety auxiliary systems.

The key topics addressed in the Chapter 3 review include EPRI-proposed design
reguirements for the

PWR reactor coolant system

steam generator system (PWR)

BWR reactor coolant system

chemical and volume control system (PWR auxiliary)
process sampling systems (BWRs and PWRs)

EPRI Evol“tionary Plant SER 3.1-1



e reactor water clzanup system (BWR auxiliary)

1.3 Policy Issues

During its review of Chapter 3 of the Evolutionary Requirements Document, the
staff did not identify issues that involve policy questions for the technical
areas discussed in this chapter, other than those already identified in the
Commission papers listed in Appendix B to Chapter 1 of this report.

1.4 Qutstanding Issues

The DSER for Chapter 3 of the Evolutionary Requirements Document contained the
following outstanding issues:

Opgn_lssues

(1) bolting degradation or failure (Generic Safety Issue (GSI)29) (2.2)

(2; low-temperature overpressure protection (3.3)

(3) pressurizer relief tank system (3.3)

+)  reactor coolant pressure boundary leakage detection systems (3.3)

(§) automatic isolation of component cooling water to reactor coolant pumps
(3.4)

(6) cooling of reactor coolant pump seal during station blackout (GS1-23)
(3.4)

(7) BWR main steam isoiration valve leakage control (GSI-C-8) (5.3)
Confirmatory Is.:as

(1) protection of noncri*ica! components inside containment (2.2)
(2) overfrequency transie.t durin? loss of ¢lectrical load (3.2)
(3) non-safety-related power upply design (3.2)
(4) power for pressurizer he .ars (Three Mile Island Action
Pian Item I1.E.3.1) (3.4)
(§) reactor coolant temperature instrumentation for cold leg (3.5)
(6) actuation of emergency feedwater system (4.2)
(7) steam piping supports (4.3)
(8) corrosiun-vesistant bolting (4.4)
(9) contaminant limits for abrasives (4.4)
(1U) eddy current inspection procedures (GS(-67.7.0) (4.4)

The final disposition of each of these issues is discussed in detail in the
appropriate section of this chapter, as indicated by the parenthetical
notation following each issue. A1)l issues identified in the DSER for Chap-
ter 3 of the Evolutionary Requirements Document have been resolved.

1.5 Vendor- or Utility-Specific Items

These vendor- or utility-csnecific items, with references to appropriate
sections of this chapter given in parentheses, are listec below. The designa-
tors in front of each issue provide a unique identifier for each issue. The
letter "E" indicates that the issue applies to evolutionary plant designs.
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The first number designates the chapter in which it is identified. The letter
"V" designates that it is a vendor- or utility-specific item. The final
number is the sequential number assigned to it in the chapter.

E.3.V-1 power supplies for power-operated celief valves (3.3)

E.3.V-2 pressurizer heater power source control design (3.4)
£.3.V-3 chemical and volume control system design (6.2)
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2 REQUIREMENTS COMMON TO BWRs AND PWRs
2.1 Definition

Section 2 of Chapter 3 of the Evolutionary Requirements Document contains
utility requirements for the reactor coolant system and non-safety-related
auxiliary systems that are common to BWRs and PWRs. These requirements
pertain to boundaries and interfaces with other plant systems, general system
features, instrumentation and controls, and maintenance. The staff concludes
that the requirements of Section 2.2 of Chapter 3 do not conflict with NRC
requirements and are, therefore, acceptable.

2.2 Common Requirements
las Power

Section 2.2.1.1 of Chapter 3 of the Evolutionary Requirements Document
requires that critical components located inside the containment and required
to function after a loss-of-coolant accident (LOCA) be protected and located
so that they will not be damaged by hydrogen burn or flooded as a result of
the LOCA. This requirement conforms with SRP Section 3.6.2, "Determination of
Rupture Locations and Dynamic Effects Associated With the Postulated Rupture
of Piping." However, in a letter dated November 13, 1987, the staff informed
EPRI that noncritical components should also be protected to the extent that
their failure will not degrade Class 1E power supplies. In the DSER for
Chapter 3, the staff stated that EPRI, in a letter dated January 3, 1988, had
committed to add a requirement stipulating that noncritical electrical
components located inside the containment will be protected so that their
failure will not cause degradation or failure of Class 1E power supplies.
Al-o, adequate electrical isolation, physical separation, and/or circuit
protection will be provided to ensure that degradation or failure of Class 1E
power supplies will not result. In the DSER for Chapter 3, the staff con-
cluded that these additional provisions were acceptable and identified this as
a confirmatory issue.

In a Tetter dated February 3, 1992, EPRI revised Section 2.2.1.4 of Chapter 3
to require that electrical components inside the containment be protected so
that their failure will not prevent Class 1E power supplies from fulfilling
their intended safety function. The staff concludes that the revised require-
m$nt addresses its concern. Therefore, this DSER confirmatory issue is
closed.

Environmental Qualification

Section 2.2.1.2 of Chapter 3 states that the plant designer will specify the
environmental qualification requirements for critical components that are
located inside the containment and are required to function after a LOCA
occurs. The requirements to be specified inciude preparation and control of
documentation packages demonstrating compliance with NRC requirements. The
staff's detailed evaluation of EPRI’s requirements concerning environmental
qualification is provided in Section 4.8.2 of Chapter 1 of this report.
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Structurg] Reguirements

Section 2.2.2 of Chapter 3 of the Evolutionary Requirements Document states

that the pressure-integrity design of components and the design of component
supports will meet the general requirements in Section 4 of Chapier 1 of the
Evolutionary Requirements Document. The staff's evaluation of these general
requirements is provided in Section 4 of Chapter 1 of this report,

Provisions for Decontamination

Section 2.2.5 of Chapter 3 states that the design of the reactor coolant
system (RCS) will include provisions to facilitate cheaical decontamination to
reduce shutdown radiaticn levels in piping and components. These provisions
will include use of drain and flush connections to ensure rcmoval of decontam-
ination fluids, in-1ine components to minimize trapping of decontamination
f1:ds, appropriate curvatures and connections to allow a probe (i.e., a
hydrelaser) to pass inside the piping. The RCS will be designed to permit the
use of mechanical decontamination devices. EPR] requires that plant designers
ensure that materials to be exposed to the decontamination fluids will either
be compatible with the reagents or chemicals to be used or be designed to be
replaceable. To facilitate the installation ana operation of the equipment
needed to perform a full or partial decontamination of the RCS, staging areas
should be provided in the containment. The staff initially was not aware that
the Evolutionary Requirements Document addresses the availability of adequate
staging areas in the containment to perform either a full or partial decontam-
ination of the RCS, and therefore, did not evaluate the requirements for these
design features in its DSER for Chapter 3. However, Section 2,2.5.1 of
Chapter 3 and Sections 6.1.1 and 6.1.3 of Chapter 9 of the Evolutionary
Requirements Document state that the RCS design will include provisions to
facilitate chemical decontamination and that the RCS will be designed to
interface with major decontamination equipment. The staff concludes that
these requirements are acceptable.

Insuists

Section 2.2.7 of Chapter 3 require. that designated piping and components for
the ALWR be provided with insulation that can be removed quickly and that is
designed for reuse. This insulation will be lightweight to facilitate quick
removal and installation in those areas where external access is required for
inservice inspection. Adequate laydown storage space will be provided f .-
insulation that has been removed. These features will reduce the time
required to perform inservice inspections of piping and components in high
dose rate areas and therefore will result in dose savings.

Instrumentation

Section 2.2.10 of Chapter 3 provides general requiremerts that affect the
locations of instrumentation. Sensors must be located in low-radiation areas
so as to minimize personnel radiation exposure. These general specifications
for instrumentation and control (I&C) do not involve any apparent violations
of NRC requirements. However, the staff’'s detailed review of EPRI's I&C
design requirements is provided in Chapter 10 of this report.
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Yse of Robotics

Section 2.2.13 of Chapter 3 requires that the RCS arrangement facilitate the
use of robotic technology for inspection and maintenance operations. Nuts on
all major openings of the reactor coolant pressure boundary will be designed
to facilitate engagement by a remote handling or robotics tool. The use of
robotics for inspection and maintenance operations in radiation areas will
reduce personnel doses.

snubbers

Section 2.4.4 of Chapter 3 of the Evolutionary Requirements Document specified
that, if hydraulic snubbers are used in an ALWR plant design, the plant
designer must establish test requirements that include tests of the snubbers’
dynamic characteristics. The EPRI requirements for snubbers have been

removed from Chapter 3 and relocated to Section 4.2.3.5 of Chapter 6. Also,
EPRI’c requirements to address Generic Safety Issue (GSI) 113,"Qualification
Testing Requirements for Large Hydraulic Snubbers," are presented in

Section 3.3.4 of Appendix B to Chapter 1. The staff’'s review of thase
requirements is provided in Section 3.2.43 of Ap; dix B to Chapter 1 and
Sectiun 4.2.3 of Chapter 6 of this repert,

Bolting

In the DSER for Chapter 3, the staff stated that in a letter dated July 9,
1987, EPRI had notified the staff that its top.c paper on GSI-29, "Bolting
Degradation or Failure in Nuclear Power Plants," will be addressed in a future
supplement to the Evolutionary Requirements Document. This was identified as
an open issue in the DSER. EPRI has revised Appendix B to Chapter 1 of the
Evolutionary Requirements Document and specifies requirements to address the
staff’'s resolution of GSI-29. The staff's evaluation of this issue is
provided in Section 3.2.22 of Appendix B to Chapter 1 of this report. There-
fore, this DSER open issue is closed.

2.3 Conclusion

The staff has not identified any requirements in Section 2 of Chapter 3 of the
Evolutionary Requirements Document that conflict with regulatory raquirenents,
therefore, concludes that they are acceptable.
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3 PWR REACTOR COOLANT SYSTEM
3.1 System Definition

The PWR reactor coolant system (RCS) will transport hot primary coolant from
the reactor vessel to the steam generators and cooled primary coolant fron the
steam generators to the reactor vessel. During both normal and upset condi-
tions, the pressurizer will maintain pressure in the RCS within specified
limits for all anticipated reactor coolant transients without dependence cn
pressure-relief devices. The RCS will also be designed to provide over-
pressure protection. support natural circulation sufficient to remove decay
heat from the reactor, and, following severe accidents, provide for high point
venting of hydrogen and other noncondensible g.ses.

3.2 Performance
Operational Capability

Section 3.2.1.3 of Chapter 3 of the original Evolutionary Requirements
Document required that the RCS and its instrumentation be decigned to with-
stand the overfrequency transient caused by a total loss of ulant electricii
load. In a letter dated November 13, 1987, the staff asked t PRI why the RCS
and its instrumentaticn should not also be required to withscand the .oltage
transients that accompany a total loss of electrical load. In the DStR for
Chapter 3, the staff stated that in its letter dated January 25, 1988, EPRI
had responded that the RCS and its instrumentation are to be designed to
withstand the effects of a separation of the plant from its electrical grid,
including all electrical effects of the accompanying electrical tran-ient.
Accordingly, EPRI committed to modify the requirement to specifically require
this equipment to withstand the voltage transients tiat accompany a total lass
of electrical load. The staff concluded that this was acceptable and identi-
fied this as a confirmatory issue in the DSER.

EPRI has revised Section 3.2.1.3 of Chapter 3 by requiring that the design of
the RCS specifically provide for the effects on the electrical systems (e.g.,
overfrequency or overvoltage) of load rejection of various amounts up to and
including total load rejection. Because the revised requirement identifies
both overfrequency and overvoltage transients as effects accompanying loss of
electrical load, the staff concludes that EPRI has met its commitment. There-
fore, this DSER confirmatory issue is closed.

Section 3.2.1.4.2 of Chapter 3 of the original Evolutionary Requirements
Document stated that the plant designer will perform an2lyses to ensure that
an upset in any non-safety-related electrical power supply will not result in
conditions that result in reactor scram. n the DSER tor Chapter 3, the staff
stated that in its letter dated January 25, 1988, responding to a staff
quastion, EPRI had stated that this section was not intended to require that
the reactor remain at full power with loss of offsite power. Therefore, the
diesels are not of a size to maintain full electrical loads including reactor
coolant pumps and main feedwater pumns. To clarify the intent, EPRI committed
to revise this section to require that the plant Jesigner implement the design
of non-safety-related electricai puwer supplies so that upsets in these
supplies that result in reactor scram will be minimized. This was identified
as a confirmatory issue in the DSER
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The staff has verified that EPRI has ravised Section 3.2.1 of Chapter 3 Dy
deleting the original Section 3.2.1.4.2, thereby removing the requirement that
the reactor remain at full power after loss of offsite power. Therefore, this
USER confirmatory issue is closed,

Sectior 3.2.1.6 of Chapter 3 of the criginal Requirements Document specifies
tnat the steam generator, pressurizer, and water level control system of the
steam generator will be designed so that a trip of an operating condensate
pump or fzed pump will not rasult in a turbine trip or reactor trip. This
requirement, intended to improve plant availability, has been removed from
Chapter 3 and relocated to Section 3.5.5 of Chapter 1 and Section §.2.1.8 of
Chapter 2 ind has been evaluated as part of the staff’s review of those
chapters.

3.3 System Features
Low-Temperature Overpressure Protection

Section 3.3.2.1 of Chapter 3 of the original Evolutionary Requirements
Document specified that the size and spray capacity of the pressurizer will be
sufficiently large that automatically actuated power-operated relief valves
(PORVs) will not be required to mitigate overpressure transients. In a letter
dated November 13, 1987, the staff asked if this meant that PORVs will not be
used in the ALWR designs. In a letter dated January 25, 1988, EPRI responded
that the intent was not to follow the present practice of using PORVs that are
automatically actuated at a pressure somewhat above normal operating pressure
to 1imit the challenges to pressurizer safety valves. However, PORVs may be
used to satisfy other requirements such as that pertaining to safety depressu-
rization in Section 5.5 of Chapter § and Evolutionary Requirements Document.

The requirements formerly in Section 3.3.2.1 of Chapter 3 regarding the size
and spray capacity of the pressurizer and the use of automatically actuated

PORVs have been deleted in subsequent revisions of the Evolutionary Require-
ments Document,

The use of pressurizer PORVs is a design consideration to be determined by the
plant designer. If they are used in the safety depressurization and vent
system, Section 5.5.4.1.2 of Chapter 5 requires that twn valves in series be
provided for each train such that vent flow can be terminated, assuming a
single failure. The staff will review individual applications for FDA/DC to
ensure that the requirements of Item I1.G.1 of NUREG-0737 ("Clarification of
TMI Action Plan Requirements") regarding assignment of power supplies

to these valves is considered.

Section 3.3.2 of Chapter 3 contains general requiremenis to address the issue
of low-temperature overpressure protection (LTOP). EPRI states that the
residual heat removal (RHR) pressure relief system will provide LiOP.

Section 3.3.2.1 of Chapter 3 requires that the relief capacity for LTOP be
sized as required in Section 5.2 of Chapter 5 of the Evolutionary Requirements
Document for the RHR system. In addition, Sectiun 3.3.2.3 of Chapter 3
specifies that the nil ductility temperature (RT,,) of ferritic RCS boundary
materials will not exceed 10 “F. In the DSER for Chapter 3, the staff stated
that it will make a final judgment on the adequacy of EPRI’s LTOP provisions
after new NRC requirements have been determined as part of the resolution of
this issue. This was identified as an open issue in the DSER. EPRI has
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relocated its proposed requirements to address the resolution of GS1-94,
"Additional Low Temperature Overpressure Protection of Light Water Reactors,*
from Chapter 3 to Appendix B of Chapter 1. The staff's evaluation of these
requirements is provided in Section 3.2.34 of Appendix B to Chapter 1 of this
report. Therefore, this DSER open issue is closed.

In the DSER for Chapter 3, the staff noted that Section 3.3.2 of Chapter 3 did
not address or provide guidance on the design of the pressurizer relief tank
system and identified this as an open issue. In a letter dated May 22, 1991,
EPRI responded to the staff's comment by stating that the ALWR will not have a
pressurizer relief tank and that pressurizer relief valves will relieve into
the in-containment refueling water storage tank. On the basis of this
clarification, the staff considers this open issue closed.

Reactor Coolant Water Chemistry

Section 3.3.3 of Chapter 3 specifies reactor water chemistry requirements
intended to meet the guidelines in EPRI NP-4762-SR, "Primary tater Chemistry
Guidelines,” Revis..n 1. Water quality requirements for mire water from the
makeup water storage tank and borated water from the bori: acid storage tank
are included. Thu staff concludes that these requirements are consistent with
the criteria in SRP Sections 9.2.3, "Demineralized Water Makaup System," and
9.3.4, "Chemical and Volume Control System (PWR) (Including §nvon Recovery
System)," and are, therefore, acceptable.

Leak Detection Capability

Sections 3.1.3.9, 3.1.3.10, 3.3.2.2, 3.3.4, and 3.3.4.2 of Chapter 3 of the
original Evolutionary Requirements Document briefiy mentioned leakage from
various components. How ver, [PRI did not provide guidance for the design of
reactor cooiant pressure poundary (RCPB) leakage detection systems. These
systems are needed to provide information to the operators so that corrective
action can be taken. This was identified as an open issue in the DSER for
Chapter 3.

EPRI has revised Section 3.3.4.1 of Chapter 3 tc describe RCPB leakage
detection capability. Section 3.3.4 of Chapter . states that the reactor
coolant system design will accommodats the detection of leakage from the
reactor coolant system so that pressure boundary leakage can be detected with
adequate ronfidence to support the leak-vefore-break methodology. Require-
ments for the overall reactor coolant leak detection system are specified in
Section 7.14 of Chapter 10 of the Evolutionary Requirements Document. Section
7.14.2 of Chapter 10 states that reactor coolant leak detection man-machine
interface systems (M-MIS) wil) monitor the gquantities and parameters necessary
to determine the magnitude and location of reactor coolant leakage. This
monitoring will be automatic, and the data will be stored as a permanent
record. Leakage from the reactor coolant system that cannot be located and
proved to not be through cracks in the reactor coolant boundary wili require
shutdown even though the leakage is well tithin the makeup capability. In its
letter dated May 22, 1991, EPR] stated that the plant designer will determine
if Teakage from such items as reactor coolant pump flanges and seals and
pressurizer safety valves should be identified as unidentified leakage in
accordance with plant technical specifications.
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SRP Section 5.2.5, "Reactor Coolant Pressure Boundary Leakage Detection,"
requires that the leakage detection system be capable of identifying, sepa-
rately monitorina, and collecting leakage from both identifiable and unidenti-
fiable sources and that indicators and alarms be provided in the control room
for each of the leakage detection systems. General Design Criteria (GDC) 30
of Appendix A to 10 CFR Part 50 requires that means be provided for detecting
and, to the extent practical, identifying the source of reactor coalant
leakage. In Appendix B to Chapter 1 of the Evolutionary Requirements Docu-
ment, EPRI commits to comply with the guidance in 53P Section 5.2.5 and

GDC 30. The staff has reviewed the related sections in Chapters 3 and 10 of
the Evolutionary Requirements Document and concludes that the design of the
RCPB leakage detection systems meets GDC 30 and SR? Sectin, 5.2.5 with respect
to the detectior, idcntivicdation, ana onitoring of the source of reactor
coolant leakage and is acceptable Tierefore, this T>ER open issue is closed,

3.4 (ompoient Features
Reactor foolant Pipine and Connections

Section 3.4.1 of Chapter 3 of the Evolutionary Requirements Document requires
that, to avoid inservice inspection of longitudinal piping welds, all reactor
coolant piping be seamless. In edaition, forging instecd of casting will be
the reference fabrication metiod for yeactor coolant piping. Forged piping

requires less inservice inspection; therefore, the use of forged and seamless

reactor coolant piping in the tPRI ALWR will result in lower overall personnel
doses.

Reactor Coolant Pumps

Section 3.4.2.2.1 of Chapter 3 of the original Evolutionary Requirements
Document required that component cooling water (CCW) to the reactor coolant
pumps and motors not be isolated on an automatic containment isclation signal,
However, operation of the reactor coolant pumps without cooling water will be
limited to 2 few minutes. Plant operators will manually isolate the cocling
water flow if it becomes a release patn from the containment during 2 lcss-of-
coolant accident (LOCA). By not requiring automatic isolation of pump cooling
water on a containment isolation signal, component degradation due to inadver-
tent or test actuation of containment isolation can be avoided and continued
long-term pump operation in an actual event can be permitted. Thus, in the
DSER for Chapter 3, the staff concluded that there was merit to not requiring
that the CCW to the reactor coolant pumps and motors be automatically isolated
on the receipt of a containment isolation signal. However, the staff recom-
mended that EPRI extend the requirement to include provisions to ensure that
the main control room operator has the necessary information and bases to
determine when it is appropriate to isolate the affected line by remote manual
meanc and how fast the line should be isolated. This was identified as an
open issue in the DSER.

Section 3.4.2.3.1 of Chapter 3 has be.n revised to state that CCW to the
reactor coolant pumps and motors wil® not be isclated on an automatic contain-
ment isolation signal. However, the main control room operators will be
provided with the necessary information (e.g., from radiation monitoring
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instrumentation in the CCW return lines) and bases to determine when it is
necessary to isolate the affected line from the main control room. EPRI
states that main control room operators will manually isolate cooling water
flow if it becomes a release path from the containment during a LOCA. The
staff concludes that the provisions included by EPRI to require the control
room operators to have the necessary information and bases to determine when
it s necessary to isolate the affected line are acceptable. Therefore, this
DStR open issue is closed.

Sections 3.4.2.2, 3.4.2.6, 3.4.2.11, and 6.3.1 of Chapter 3 of the original
Evolutionary Requirements Document included utility requirements that resolve
GS1-23, "Reactor Coolant Pump Seal Failures," for the ALWR, assuming they
could be met in specific plant designs. However, it appearea that some of
these requirements may not be practical without the development of adequate
pump sexls and/or the provisions of indzpendent seal cooling. In the DSER for
Chapter 3, the staff stated that, unless otherwise determined at the time this
issue is resolved, new plant designs should provide independent seal cooling
during station blackout. This was identified as an open issue in the DSER.

The staff's evaluation of EPRI's requirements to address GSI-23 is provided in
Section 3.2.20 of Appendix B to Chapter 1 of this report. Therefore, this
DSER open issue is closed.

Pressurizer

Sections 3.4.3.4.3 and 3.4.3.4.4 of Chapter 3 in the original Evolutionary
Requirements Document defined requirements for the power supply to pressurizer
heaters. They specified that the combination of maximum heat loss from the
pressurizer and pressurizer heater capacity be such as to maintain the
pressurizer at normal operating pressure during hot standby conditions and
that this capability be provided by redundant trains of heaters. EPRI also
stated that each train is to be cupable of being supplied electricity from
either offsite power or the Class 1E emergency power source. Although the
redundant heaters are not required to be safety grade, Section 3.4.3.4.3
required that auequate provisions, such as those listed in Item I1.£.3.]1 of
NUREG-0737, be provided to protect the emergency power trains from failure of
the heaters. In a letter dated November 13, 1987, the staff requested that
EPRI clarify whether the redundant heaters will be connected to the Class 1E
emergency buses in a manner that will provide redundant power supply capabili-
ty and whether each redundant heater wil)l have access to only one Class lE
division power supply. In a letter dated January 25, 1988, FPRI committed to
clarify the requirement to indicate that each redundant train of pressurizer
heaters will be capable of being powered from either offsite power or a
different Class 1E emergency power source. In the DSER for Chapter 3, the
staff concluded that this was acceptable and i ntified this as a confirmatory
issue.

In subsequent revisions of the Evolutionary Requirements Document, EPRI
renumbered Sections 3.4.3.4.3 and 3.4.3.4.4 referred to above as 3.4.3.2.3 and
3.4.3.2.4. Also, Section 3.4.3.2.3 now includes a revised requirement that
each redundant group of pressurizer heaters be capable of being powered from
either offsite power, the alternate ac power source through different perma-
nent non-safety buses, or different Class 1E emergency power sources (as
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emergency backup). The revisions clarify that each redundant group of
pressurizer heaters will be capable of being powered from a different Class IE
emergency power source. Therefore, this DSER confirmatory issue is closed.

With respect to a question in a letter dated November 13, 1987, regarding
manual control of the pressurizer heater power sources, EPRI responded in a
letter dated January 25, 1988, that the ALWR pressurizer heater design will
satisfy the requirements of NUREG-0737, Item I11.£.3.1. However, since the
specific design details are not given in the Evolutionary Requirements
Document, there may be several acceptable methods for controlling pressurizer
heater power sources,

The staff concludes that there is reasonable assurance that a pressurizer
heater power source design that meets the requirements of these sections will
also satisfy the requirements of NUREG-0737, Item 1i.t.3.1 dowever, because
not all of the specific positions and clarifications of Item I1.E.3.1 hav2
been addressed and because specific design details have not been given in the
Evolutionary Requirements Document, final acceptanc= must awzit the staff’s
review of specific ALWR designs.

Section 3.4.3.6.1 of Chapier 3 includes a requirement “"at channel indepen-
dence for the pressurizer level instrumentation be pri. ded by physical
separay.on, electrical separation, and separate Class 1E electrical power
supplies for each channel, Selection of power sources to the pressurizer
level indication that it based on the above criteria will also likely catisfy
the requirements for emergency power for pressurizer equipment specified in
Item 11.G.] of NUREG-0737. This is acceptable for a design requirements
document ,

3.5 Instrumentation and Control

Section 3.5.1.2 of Chapter 3 of the original Evolutionary Requirements
Document specified the instrumentation associated with the reactor coolant
system. In the DSER for Chapter 3, the staff stated that, in a letter dated
January 25, 1988, EPRI had committed to add reactor coolant temperature
instrumentation for the cold leg to the list of required instrumentation,
This was identified as a confirmatory issue in the DSER.

The staff has verified that EPRI's revisions to Section 3.5 of Chapter 3
require that plant designers provide the capability for monitoring reactor
cool:nt temperature in the cold leg. Therefore, this DSER confirmatory issue
is closed.

3.6 Maintenance

Section 3.6 of Chapter 3 of the Evolutionary Requiremerts Document contains
requirements that are intended to facilitate maintenance of the RCS, including
inservice inspection, in accordance with the general requirements of Section 8
of Chapter 1. Maintenance operations involving RCS components will be
included in the maintainability evaluations required by Section 2 of

Chapter 6.
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4 STEAM GENERATOR SYSTEM (PWR)
4.1 System Definition

The boundary of the steam generator system will include the welds between
steam generator nozzles and reactor coolant piping, main feed piping, emer-
gency feed piping, and main steam piping.

Section 4.1.2 of Chapter 3 of the Evolutionary Requirements Document specifies
that the steam generator system will meet the following functional require-
ments:

* Produce steam with no more than 0.25-percent moisture carryover using
re (or coolant as the heat source.

* Provide the capability for continuous hot blowdown of the secondary side of
both recirculating and once-through ste... generators. Provide the
capability for heat recovery, purification, and reuse of steam generator
blowdown for recirculating steam generators. The steam generator blowdown
rate will permit reasonable plant heatup capability and will permit a
transition from cold layup water chemistry to hot standby water chemistry
within an 8-hour period.

* Provide an indication of secondary-side water level. Provide automatic
control of water level at any power level from hot no load to full power.

* Provide a Teaktight boundary between the reactor coolant and the secondary
side of the steam generator,

* Serve as the priwary means for removing of decay heat from the reactor
coolant during plant shutdown using main or emergency feedwater down to a
primary coolant temperature that is at a reasonable value below the
saturation temperature corresponding to the actuation pressure of the
residual heat removal system.

* Provide for full wet layup (water to upper tubesheet) of the steam genera-
tor under deoxygenated, pH-controlled conditions.

Section 4.1.3 of Chapter 3 lists the systems with which the steam generator
system will interface.

4.2 Pe-formance Requirements

Section 4.2 of Chapter 3 of the original Evolutionary Requiremznts Document
specifies performance requirements applicable to PWR steam generator systems.

Emergency Feedwater Actuation

Section 4.2.3.4 of Chapter 3 of the original Evolutionary Requirements
Document included a requirement that automatic actuation occur only after a
Tow water level has been reached in the steam generator and the maximum
allowable time for recovery has expired without an acceptable improvement in
the water level. In a letter dated November 13, 1987, the staff stated that
satisfaction of a timer was implied, whereas actuation of the auxiliary
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feedwater system needs to be independent of a timer so that no safety parame-
ters are exceeded. In its response datec January 25, 1988, EPRI stated that
there was no intent to provide a timer for initiating the emergency feedwater
system. The water volume between the level vxisting following a reactor trip
and the level at which the emergency feedwater system is automatically
initiated provides a period duriny which the tartup fiedwater system can be
used (either automatically or manually) to resiore the level, or the plant
operator can manually initiate the emergency feedwater system.

EPR] committed to revise Sections 4.2.3.4 and 4.2.8.1 of Chapter 3 for
clarity. This was identified as a confirmatory issue in the DSER.

The staff has verified that these revisions have been incorporated into
Section 4.2 of the Evolutionary Requirements Document; therefore, this DSER
confirmatory issue is closed.

4.3 System Features
Elevation Relative to Reactor Vessel

Section 4.3.2.1 of “hapter 3 of the Evolutionary Requirements Document
requires that steam generators in the evolutionary PWR be mounted at an
elevation above the reactor vessel elevation to permit draining of th2 primary
side of the steam generator (for tube inspection and/or plugging) without
lowering the water level in the reactor vessel below the reactor core. The
design of the reactor coolant nozzle dams will facilitate their handling and
minimize installation time. In addition, these nozzle dams will be designed
so that they can be installed and removed using robotics, thereby minimizing
personnel exposure.

Steam Piping § Desian Basi

Section 4.3.2.4 of Chapter 3 of the original Evolutionary Requirements
Document required that steam piping supports be designed on the basis of the
lines filled with water. In the DSER for Chapter 3, the staff reported that
in response to a staff request dated December 11, 1987, EPRI had stated in a
letter dated January 25, 1988, that it did not intend that dynamic loading be
considered for the design of the main steamline supports when subjected to
water-filled conditions. EPRI committed to clarify its requirement, and this
was identified as a confirmatory issue in the DSER.

EPRI has revised Section 4.3.2.4 of Chapter 3 to require that the main steam-
1ine supports be designed for water-filled-line loads under static loacding
conditions that may be encountered in the plant. The staff concludes that
t?is clarification is acceptable; therefore, this DSER confirmatory issue is
closed.

4.4 (omponent Features
Steam Generator Materials
In the DSER for Chapter 3, the stoff stated that bolting resistant to corro-

sion from boric acid should be used for closure bolting on systems that
contain borated water during normal operation. In its letier dated
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January 25, 1988, EPRI committed to add a section to the Evolutionary Reguire-
ments gocument requiring that bolting resistant to corrosion from boric acid
be used for closure bolting for systems that contain borated water during
normal operation. This was identified as a confirmatory issue in the DSER.

EPRI responded by revising Section 3.1.1 of Appendix B to Chapter 1. This
section relates to the resolution of GSI-29, " Bolting Degradation or Failure
in Nuclear Power Plants," and addresses the issue of boric acid corrosion of
bolting. The staff reviewed this section and found it acceptable. Therefore,
this DSER confirmatory issue is closed.

Section 4.4,1.1.3 of Chapter 3 requires, in part, that steam generator tube
annealing be fellowed by chromium carbide precipitation on cooling, rotary
straightening, and belt polishing. In a letter dated November 13, 1987, the
staff stated that advocating belt polishing without 1imiting contaminant
levels was not acceptable. In a letter dated January 25, 1988, EPRI committed
to modify the engineering rationale for Section 5.2.8.1 of Chapter i to
clarify that the contaminant limits in that overall requirement apply to
abrasive adhesives, as well as to cutting fluids, tapes, etc. This was
identified as a confirmatory issue in the DSER for Chapter 3,

The staff has verified that EPRI has revised Section 5.2.8.1 of Chapter 1 as
stated above and concludes that it is acceptable. Therefore, this DSER
confirmatory issue is closed.

Section 4.4.1.1.4 of Chapter 3 requires that the concentration of cobalt in
the steam generator tubes be limited to less than 0.015 weight percent. The
steam generator tubes constitute a large portion of the total surface area of
the reactor coolant system. The tubes for the steam generator will be
annealed and thermally treated Ni-Cr-Fe Alloy 690, which has improved resis-
tance to most corrosion mechanisms, and is, therefore, acceptable. In
addition, it will tend to reduce the amount of activated cobalt in the reactor
coolant system and lower overall dose rates.

Access and Inspection Openings

Section 4.4.1.4 of Chooter 3 requires that clear access, including platforms,
be provided to facil :.te inspection and maintenance of steam generator tubes.
Steam generator primary channel head manholes will be a minimum of 21 inches
in diameter. Remotely operated stud tensioning and detensioning devices will
be provided to minimize the time spent by maintenance personnel in high dose
rate areas when removing and installing the covers for these steam generator
manholes. These requirements serve to minimize personnel exposure rates and
are acceptable.

In Generic Issue (GI) 67.7.0, “Steam Generator Staff Actions - Improved Eddy
Current Tests," the staff considered eddy current inspection procedures that
will prevent steam generator tube ruptures as part of its effort to resolve
Unresolved Safety Issues A-3, A-4, and A-5 concerning steam generator tube
integrity. This was identified as a confirmatory issue in the DSER for
Chapter 3. On the basis of the staff’s recommendations, EPRI has instituted
requirements for the eddy current inspection procedures in Sections 4.4.1.4
and 4.6.2 of Chapter 3. Section 4.4.1.4 gives requirements fcr the access and
inspection openings such as manways, handholes, and ports in the nrimary and
secondary sides of the steam generator., Section 4.6.2 provides requirements
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for access in the steam generator primary chiannel head. The staff’'s evalua-
tion of EPRI's requirements to address resolution of these generic issues is
provided in Appendix B to Chapter 1 of this report. Therefore, this DSER
confirmatory issue is closed.

Minimizing Sludge Accumulation

Section 4.4.1.6 of Chapier 3 specifies provisions for ensuring a high degree
of performance of the steam generators by controlling the accumulation of
sludge on the secondary-side tube surface. This control will be achieved by
special design features, oper . ing procedures, and use of the steam generator
blowdown system. The design of steam generators includes features for
removing sludge accumulated on the tubesheet. This accumulation will also be
controlled by maintaining sufficiently high velocities across the tubesheet
during plant operation above 50-percent power to aid in the transport of
particulates to the blowdown nozzle. The impurities accumulated in the ¢‘eam
generator will be removed by the blowdown system, which will reduce sludge
buildup and decrease the concentration of dissolved, nonv-latile impurities.
The staff concludes that the proposed specifications provide for control of
impurities and minimization of sludge accumulation. These specifications are

consistent with the criteria of SRP Section 10.4.8, “"Steam Generator Blowdown
System (PWR) and are, therefore, acceptable.

4.5 Instrumentation and Control

Section 4.5 of Chapter 3 of the Evolutionary Requirements Document specifies
requirements pertaining to the following for instrumentation required for the
steam generator system: water leve: control, redundancy, postaccident level
indication, and flow meacsurement

4.6 “aintenance

Section 4.6 of Chapter 3 of the Evolutionary Requirements Document specifies
requirements for use of a temporary ventilation exhaust syster during person-
nel access to reduce occupational radiation exposure. The space and arrange-
ment inside the steam generator primary channel head are intznded o facili-
tate inspection and repair.

4.7 Conciusion
The staff concludes that the utility requirements in Section 4 of Chapter 3 of

the Evolutionary Requirements Document do not conflict with NRC requiremen
or guidance.
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Water Chemistry

Section §.2.2 of Chapter 3 specifies requirements for RCS chemistry compatible
with the operating and layup conditions specified in Section & of Chapter 1.

5.3 System Features
Arrangement

Section §.3.1 »f Chapter 3 of the Evolutionary Requirements Documert specifies
requirements to ensure drainage of condensate, minimize pressure drop, and
minimize forces on piping bends. Additional requirements provide for adequate
working space for maintenance and other measures to reduce personnel radiation
exposure.

Materials

Section §.3.2 of Chapter 3 specifies materials that have proven to be compati-
ble with expected service conditions.

Main Steamlines

Section 5.3.3 of Chapter 3 contains EPRI's requirements for the main steam-
1ines. Sectfon 5.3.3.8 of Chapter 3 requires that the main steamlines be
designated as seismic Category | from the reactor vessel out to the seismic
restraint and Quality Group A from the reactor vessel up to and including the
outboard main steam isolation valves (MSIVs). BWRs are currently required to
incorporate a leakage control system (LCS) to ensure the low-leakage charac-
teristics of the MSIVs in the event of a loss-of-coolant accident, Sec-

tion 5.3.3.9 of Chapter 3 s*ates that a separate MSIV leak detection and
control subsystem will not be provided and that drains and vents will be
routed to the main condenser for leakage control. The staff identified the
proposed elimination of the LCS as an open issue in the DSER for Chapter 3.
As discussed by the staff in Section 5.4 of this chapter, Section 2.3.1 of
Appendix B to Chapter 1 of this report provides the staff's evaluation of this
fssue. Therefore, this DSER open issue is ciosed,

Recirculation Systems

Section 5.3.4 of Chapter 3 requires that the ecziv(. ation systems use
adjustable-speed internal pumps mounted on ‘e boltor head of the resct =
pressure vessel, and states that these pumps «*17 ke cefe «d to ¢ actor
internal purps (RIPsY". The RIPs must have the capability to meet Toaa-
following performance requirements in Chapter 1 .nd be designed Lt  weemit
stable pumg operation over the complete operating map specified in ..apter 4
of the Evolutionary Requirements Document.

feedwater Systems

Section 5.3.5 of Chapter 3 states that the feedwater system inside primary
containment consists of two 1ines between the prtmar; containment and the
reactor pressure vessel feedwater manifold piping. The feedwater piping and

sparger design will accommodate the range of temperatures and flows that are
experienced during plant operation from feedwater, reactor water cleanup
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and be consistent with the exposure guidelines in 10 CFR 100.11. Sec-
tion 5.4.1.5 requives that the MSIV leakage specified for the final installed
test be lass than 50 percent of the allowable value.

Safety/Relief Valves

Section 5.4.2.4 of Chapter 3 specifies that the safety/relief valves and their
discharge piping will be designed to relieve pressure and Lo maintain the
pressure boundary within the overpressure protection requirements of ASME
Code, Section 111, including -equirements for grototyplcal testing. These
requirements conform with the elements of resolution of GS1-126, "Main Steam
Safety Valves," and are acceptable.

Recirculation Pumps

Section 5.4.3 of Chapter 3 specifies recuirements for the RIPs to ensure that
t?ocgcrform;ncc of the recirculation system {s as specified by Section 5.3.4
0 apter 3.

5.5 Lonclusion

The staff concludes that the requirenents of Section 5 of Chapter 3 of the
Evolutionary Requirements Document do not conflict with regulatory require-
ments and guidelines and are, therefore, acceptable.
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6 CHEMICAL AND VOLUME CONTROL SYSTEM (PWR AUXILIARY)
6.1 System Definition

The main functions of the chemical and volume control system (CVCS) are to
maintain the primary coolant inventory and to control its chemistry. Accord-
ingly, Section 6 of Chapter 3 of the Evolutionary Rc?uiromcnts Document
specifies that the capacity of the CVCS should be sufficient to maintain the
primary coolant inventory, even in the event of small pipe ruptures. The
specifications for the volume control tunk require that its capacity have
enough margin to allow for realignment of the charging pumps. In addition,
the CVCS is required to contain sufficient boron for reactivity control, This
section includes a requirement that the CVCS be designed so that there will be
easy access for inservice inspections and for chemical cleaning. It also
specifies the design and operatinn of resin dem .eralizers.

6.2 Performance Reguirements

Section 6.2.1 of Chapter 3 of the Evolutionary Requirements Document specifi-
cally points out that the CVCS will not perform any safety-related functions,
such as accident mitigation or safe shutdown, and this characteristic is
reflected in these design specifications. However, insufficient details,
particularly for the parameters associated with flow and injection pressure,
were provided to enable a deternination to be made regarding compliance of the
system design with the criteria of SRP Section 9.3.4. Therefore, the staff
§1l1 rev;e: 1nd1vidul] applications for FDA/DC against the criteria in SRP
ection 9.3.4.

6.3 System Features

Section 6.3 of Chapter 3 of the Evolutionary Requirements Document specifies
configuration, arrangements, and structural requirements for the CVCS.
However, insufficient details, particularly for the parameters associated with
flow and injection pressure, were provided to enable a determination to made
;og::ding gorpliance of the system design with the criteria of SRP

ection 9.

|

]

6.4 Component Features
Section 6.4 of Chapter 3 of the Evolutionary Requirements Document specifies
requirements to address materials, centrifugal pump seal design, heat exchang-
ers, volume control tank arrangement and sizinz. reactor coolant system

s,

i

|

|

|

cooiant hydrogen concentration, boric acid tan oxygen control, filters, and
valves for the CVCS,

6.5 Instrumentation and Control
Section 6.5 of Chapter 3 of the Evolutionary Requirements Document specifies

the process instrumentation and controls required for the CVCS. General

requirements for instrumentation and controls applicable to CVCS are provided
in Chapter 10.
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6.6 Maintenance

Section 6.6 of Chapter 3 of the Evolutionary Requirements Document specifies
requirements to facilitate maintenance of the (VCS and references the general
requirements located in Section 8 of Chapter 1. Maintenance operations
involving CVCS components will be included in the maintainability evaluation
required by Section 2 of Chapter 6.

6.7 Conclusion

The staff concludes that the utility requirements in Section 6 of Chapter 3 of
the Evolutionary Requirements Document do not conflict with NRC requirements.
However, the details were insufficient to rnable a final determination
regardin? compliance with the criteria of SRP Section 9.3.4. Therefore, the
staff will review an individual application for FDA/DC to ensure that the
criteria of SRP Section 9.3.4 have been met,
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7 PROCESS SAMPLING SYSTEMS (BWR AND PwR)
7.1 System Definition

Section 7 or Chapter 3 of the Evolutionary Requirements Document covers the
process sampling systems for both PWR and BWR plants. The purpose of these
systems 1s to collect representative samples of liquids and gases in the
various process systems and deliver them to one or more central sample
stations,

Sampling point locations, types of samples, sample frequencies, and process
measurements for both normal and postaccident sampling are listed in this
section.

7.2 Performance Requirements
sampling Required

Section 7.2.1 of Chapter 3 of the Evolutionary Requirements Document states
that the process sampling system will provide the process measurements needed
to satisfy all regulatory requirements and operational needs.

Grat Samples

Section 7.2.4 of Chapter 3 discusses the use of grab samples for verifying or
confirntn? system performance. The requirements in this section pertain to
the sampling of reactor coolant and specify that portable measuring equipment
will not be used for taking continuous samples, but only for checking in-
stalled monitors.

Postaccident Sampling

Section 7.2.8 of Chapter 3 specifies EPRI's requirements for the postaccident
sampling sgstem (PASS). Additional information on the PASS is provided in
Section 2.3.2 of Appendix B to Chapter 1 of the Evolutionary Requirements
Document, The staff's evaluation of all of the requirements for the PASS is
provided in Section 2.3.2 of Appendix B to Chapter 1 of this report.

7.3 System Features
Arrangement

Section 7.3.2 of Chapter 3 of the Evolutionary Requirements Document requires
that the lengths of 1ines to sample stations be minimized in order to obtain
representative samples (with minimum radioactive decay and plateout). Sample
staiion components carrying potentially radioactive fluids wil) be located
behind a shield wall, and area dose rates in samplin? stations will be
maintained as low as is reasonably achievable to minimize personnel doses.

7.4 Component features

Section 7.4 of Chapter 2 of the Evolutionary Requirements Document specifies
requirements for process sampling systems, materials, sample lines, isolation
valves, and sample coolers.

EPRI Evolutionary Plant SER 3.7-1
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7.5 Instrumentation and Control

Section 7.5 of Chapter 3 contains specific requirements for process sampling
systems, including the boron meter and radiation meter (for PWRs), process
radiation monitor, on-1ine monitors for PWR secondary systems, and data
management. General instrumentation and control requirements for the process
sampling systems are provided in Chapter 10.

7.6 Maintenance

Section 7.6 of Chapter 3 references the general maintenance requirements of
Section 8 of Chapter 1. Section 7.6 of Chapter 3 contains specific require-
ments for maintenance process sampling systems, valves, components, and piping
containing radioactive samples. Flanged fittings are required for relief
valves and other components, if necessary, to permit removal for maintenance.

7.7 Conclysion

The staff concludes that the utility requirements in Section 7 of Chapter 3 of
the Evolutionary Requirements Document satisfy all the criteria specified for
process sampling in SRP Section 9.%.2, "Process and Post-Accident Sampling
Systems," for both PWR and BWR plants, and, therefore, the utility require-
ments for normal sampling are acceptable.
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8 REACTOR WATER CLEANUP SYSTEM (BWR AUXILIARY)

EPRI's requirements for the boron recycle system have been deleted from
Section 8 of Chapter 3 of the tvolutionary Kequirements Document and relocated
to other sections. Therefore, the requirements for the reactor water cleanup
system, formerly provided in Section 9 of Chapter 3, have been moved to
Section 8 of Chapter 3 and renumbered.

8.1 System Definition

The function of the reactor water cleanup (RWCU) system is tu remove soluble,
colloidal, and insoluble impurities from the reactor coolant in BWR plants by
passing a portion of the reactor water, corresponding to at least 1 percent of
main steam flow, through filter/demineralizers. Before going to the filter/
demineralizers, the water will be cooled by passing through regenarative and
nonregenerative heat exchangers.

8.2 Performance Requirements

The specifications for the RWCU system in Section 8 of Chapter 3 of the
Evolutionary Requirements Document meet and, in some cases, exceed the
recommendations of SRP Section 5.4.8, "Reactor Water Cleanup System (BWR)."
For example, EPRI requiras that 2 percent of the circulating reactor water
pass through the RWCU system, which will have two jumps and two filter/
demineralizers in parallel. If one of the components fails, the system will
stil] be capable of handling | percent of the circulating water. The system
will meet the ALARA (as low as reasonably achievable) radiation exposure
requirements by the separation of valves ard instruments from the heat
exchangers carryin? radioactive 1iquids, by the elimination of crud traps, and
by the use of shielding pumps, filter/demineralizers, and other equipment that
inay contribute to radiation dosage for operations and maintenance personnel.
Tie specifications also require that the system be designed with provisions
for decontaminating and draining and filling the system.

8.3 System Features

Section 8.3 of Chapter 3 specifies configuration and arrangement requirements
for the RWCU system and for transfer of spent resins.

8.4 (omponent Features

Section 8.4 of Chapter 3 specifies requirements for RWCU system materials,
piping .nd connections, pumps, valves, heat exchangers, and cleanup equipment.

8.5 Instrumentation and Contro)

Section B.5 of Chapter 3 states that the RWCU system should be properly
instrumented for the measurement of temperature, conductivity, and pressure
differential across the deminecalizer beds.
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8.6 (onclusion

The staff concludes that the utility requirements in Section 8 of Chapter 3 of
the Evolutionary Requirements Document are consistent with the criteria of SRP
Section 5.4.8, "Reactor Water Cleanup System (BWR)," and are, therefore,
acceptable.
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9 CONCLUSION

The staff concludes that the EPR] requirements in Chapter 3 of the Evolution-
ary Requirements Document for the design of the reactor coolant system and
reactor non-safety auxiliary systems do not conflict with current regulatory
guidelines and are acceptable. However, by themselves, they do not provide
sufficient information for the NRC staff to determine if the plant-specific
dcsi?n. operation, and arrangement of these systems will be adequate.
Applicants referencing the Evolutionary Requirements Document will be required
to demonstrate compliance with the additional guidance in the Standard Review
Plan (NURE(-0800), or provide justification for alternative means of imple-
menting the associated regulatory requirements.

fherefore, the staff concludes that Chapter 3 specifies requirements that, m
subject to resolution of the identified vendor- and utility-specific items, if
pro:or\y translated into a design and constructed and operated in accordance
with the NRC regulations in force at the time the design is submitted, should
result in a nuclear power plant whose reactor coolant system and reactor non-
safety auxiliary systems will perform as designed and have all the attributes
required by the regulations to ensure that there is no undue risk to the
health and safety of the public or to the environment.
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APPENDIX A
DEFINITIONS AND ACRONYMS

Appendix A of Chapter 3 of the Evolutionary Requirements Document contains
definitions of acronyms. The staff has provided a consolidated 1ist of
acronyms in Volume 1 of this report.
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1.3 Policy lssues
During its review of Chapter 4 of the Evolutionary Requirements Document, the
staff did not 1dentify issues that involve policy quest.ons for the technical

areas discussed in this chapter, other than those already identified in Lhe
Commission papers listed in Appendix B to Chapter 1 of this report.

1.4 Qutstanding lssues

The DSER for Chapter 4 of the Evolutionary Requirements Document contained the
following outstanding i1ssues:

Open _lssues
(1) power oscillations in BWRs (2.2)

(2) lnow-temperature overpressure protection (Generic Safety Issue (GSI-94))
(2.4)

(3) protection of reactor pressure vessel from brittle fracture
(thermocouples/materials surveillance program) (3.3)

(4) performance requirements for BWR core and fuel (thermal-hydraulic
stability) (4.2)

(6) effect of electric protective assemblies on reactor protection system
power supply requirements (5.3)

(6) effect of natural circulation cooldown on reactor pressure vessel
(G£1-79) (6.2)

(7) thermal-hydraulic characteristics of PWRs (7.2)

(B) positive moderator coefficient above 50-percent power (7.3)

(9) 60-year service life of control rod drive mechanisms (8.2)
Confirmatory lssues

(1) low-temperature overpressure protection (2.3 !)

(2) percentage of copper in reactor pressure vessel forging (2.3.1)
(3) reactor pressure vessel surveillance program (2.3.1)

(4) fracture toughness specifications (2.3.1)

(5) 1;r;d;ation dosage 1imits for the reactor pressure vessel internals
(2.3.2)

The final disposition of each of these issues is discussed in detail in the
appropriate section of this chapter, as indicated by the parenthetical
notation following each issue. All issues identified in the DSER for Chap-
ter 4 have been resolved.
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1.5 Yendor- or Utility-Specific Items

The vendor- or utility-spec:“ic items, with references to appropriate sections
of this chapter given in par ntheses, are listed below. The designators in
front of each issue :rovtdc a unique identifier for each issue. The letter
"E" indicates that the issue applies to evolutionary plant designs. The first
number designates the chapter in which it is identified. The letter “V*
designates that it is a vendor- or utility-specific item. The final number is
the sequential number assigned to it in the chapter.

E.4.V-1 reactor pressure vessel fatigue design criteria (2.3.2)

E.4.V-2 BWR thermal-hydraulic stability performance during an anticipated
transient without scram (4.2)

E.4.V-3 ?:Rznuc1ear and thermal-hydraulic design for extended cycle operation
2)

E.4.v-4 effect of electric protective assemblies on reactor protection system
power supply requirements (5.3)

E.4.V-5 Pgﬂztherma1~hydrau1ic stability and xenon stability characteristics
(7.2)

E.4.V-6 PWR fuel design for load-following capability (7.2)

E.4.V-7 €0-year service 1ife for control rod drive mechanisms (8.2)

EPRI Evolutionary Plant SER 4.1-3
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2 REQUIREMENTS COMMON TO BWKs AND PWRs

2.1 Top-lLevel Requirements

Section 2 of Chapter 4 of the Evolutionary Requirements Document defines the
utility requirements for the ALWR that are common to BWR and PWR reactor
systems. As a general requirement, this section specifies that the reactor
systems are to be designed to perform the following functions:

. generate the thermal power necessary to weet required plant electrical
power output while not exceeding specified nuclear, thermal-hydraulic,
and mechanical design limitations

. serve as a pressure boundary and a barrier to prevent the release of
radioactivity from the reactor core or reactor coolant

- provide a flow path for the forced circulation of coolant to remove
heat generated gy the reactor core under all operating conditions
and to facilitate removal of decay heat by natural or forced circu-
lation from the core after shutdown

. provide for control of core reactivity

With respect to instrumentation and controls (1&C), Chapter 4 invokes require-
ments that will affect their type, location, and configuration but notes that

all requirements for instrumentation, including final sensors, are covered in

Chapter 16. The staff did not identify any llg requirements in Chapter 4 that
conflict with NRC requirements. The staff's detailed evaluation of I&C design
requirements is provided in Chapter 10 of this report.

2.2 Performance Requirements

Section 2.2 of Chapter 4 of the Evolutionary Requirements Document prescribes
8enera1 design requirements that reflect the intent of the criteria in 10 CFR
art 50, Appendix A, as they apply to reactor systems. For example, Sec~
tion 2.2.]1 establishes the basic defense-in-depth principle for the ALWR by
specifying two separate barriers against the release of fuel fission products:
the fuel cladding and the reactor coolant pressure boundary. The other topics
addressed in this section are pressure boundary integrity, ' ~gative power
coefficient, freedom from power oscillations, margin for normal operation and
tran?1ents. reactivity control reliability, shutdown margin, and criticality
margin.

Power Oscillations

In the DSER for Chapter 4, the staff concluded that the requiremnents of
Section 2.2.4 of Chapter 4 of the Evolutionary Requirements Document pertain-
1n? to freedom from power oscillations were inadequate. This section of the
original Evolutionary Requirements Document required that the reactor core be
designed to be controllable to compensate for power oscillations without
exceeding specified fuel design 1imits. The staff concluded that it was not
sufficient that the core be controllable, particularly .f this would require
operator action. The design should ensure that fuel safety limits will not be

EPRI Evolutionary Plant SER 4.2-1






Copper, Nickel, and Sulfur Content

In the DSER for Chapter 4, the <taff identified the percentage of copper in
reactor pressure vessel forging as a confirmatory issue. Section 2.3.1.2 of
Chapter 4 of the Evolutionary Requirements Document has been revised to
require a maximum of 0.03 percent copper in the core beltline forging of the
PWR, Since EPR] has met its commitment to provide limits for copper content
of the reactor pressure vessel (RPV), this DSER confirmatory issue is closed.

The nicke! and sulfur content of the base metal and weld metal 1s an important
parameter for detorm1n1n3 embrittiement of the RPV materials due to irradia-
tion. In Revision 4, EPR] revised the rationale portion of Section 2.3.1.2 of
Chapter 4. This section now requires that nickel be controlied in accordance
with the ASME Code materials specifications. Section 2.3.1.2 of Chapter 4
also 1imits the sulfur content in base materials and weld material to 0.015
percent, The staff concludes that these proposed revisions are acceptable.

Material Surveillance Progran

Section 2.3.1.8 of Chapter 4 requires that a material surveillance program be
established to monitor reactor vessel irradiation and its effect on the vessel
material pruperties. In the DSER for Chapter 4, the staff stated that (PRI
had comnitled to expand this requirement to state that the surveillance
program will comply with 10 CFR Part 50, Appendix H, and American Society for
Testing and Materials (ASTM) E-185. Adherence to the specifications in these
documents provides assurance of the structural integrity of the reactor vessel
throughout the plant 1ife. In the DSER, the staff identified the reactor
pressure vessel surveillance program as a confirmatory issue. EPR] revised
Section 2.3.1,8 of Chapter 4 to state its commitment to ASTM E-185-82 and
Appendix H. Since the revised requirement is acceptable and EPRI has met its
commitment, this DSER confirmatory issue is closed.

fracture Toughness Specimens

Section 2.3.1.8.1 of Chapter 4 includes requirements for insertion of surveil-
lance capsules in the reactor vessel as part of a surveillance program for
fracture toughness. In the DSER for Chapter 4, the staff stated that in
response to a staff comment, EPRl had committed to add a requirerest to deter-
mine fracture toughness using the J,. method in accordance with ASTM E-813,
This was identified as a confirmatory issue. Since EPRI has revised Sec-
%1on‘2.3&1.8.l in accordance with its commitment, this DSER confirmatory issue
s closed.

2.3.2 Vessel and Internals Design

The common requirements in Section 2.3.2 of Chapter 4 also cover items such as
vessel fabrication, head seals and leakage monitoring, automated inservice
inspections, refueling cavity seal, reactor bolting, and insulation. The
staff concludes that none of these requirements conflict with NRC regulatory
requirements.
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provides adequate assurance that the ALWR reactor internals will, during their
service life, withstand the flow-induced vibrations of the reactor without
loss of structural integrity,

Refueling Cavity Seal

Section 2.3.2.7 of Chapter 4 contains requirements for the refueling cavity
seal. The ALWR will have a permanent seal between the reactor pressure vessel
and the surrounding refueling canal floor to permit flooding above the vessel
during refueling. Use of a permanent seal will eliminate the critical path
time and the personnel radiation exposure that would result during the
installation and removal of a non-permanent pool seal during each refueling
outage,

The commen requirements in Section 2.3.2 of Chapter 4 cover i* | such as core
and fuel dasign, fuel handling, and resistance to pellet cIadd\ng interaction,
The staff concludes that none of these requirements conflict with NRC regula-
tory requirements.
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Section 3.3.1.4.2 uf Loapter 4 requires that the main steamline flow limiters
be part of the reactor .team outlet nozzles. One advanlage of this combina-
tion is that the rate of steam flow into the containment ?ol1ow1ng a steamline
rupture would be reduced. 1t would also reduce the dynamic loads on reactor
internals and containment struclures,

Section 3.3.1.9.1 of Chapter 4 requires that a power-assisted machine be
provided that can be nlaced on (he RPY closure head. This machire will be
remotely controlled to disconnect and remove vessel stud nuts. The objective
of this requirement is to reduce the critical path refueling time by reducing
the head-removal time.

Section 3.3.2.4.3 of Chapler 4 specifies that the feedwater sparger will be
designed with top exit holes followed by flow guides to aim the feedwater
radially inward. This design will prevent (1) reactor coolant from flowing
back into the feedwater spargers and pipes, (2) temperature cycling with
resultant cracking at low feeawater flow rates, and {3) water hammer in the
feedwater piping.

Section 3.3.3.2.1 of Chapter 4 requires inat several sets of RPV water level
instrumentation be provided. One will be a wide-range set, consisting of four
divisions with instrument taps locited in each of four quadrants, that will
provide signals for reactor protection and safety systems. This will permit
the use of any two-out-of-four logic and eliminate “1/2 scram” situations
(e.g., during instrument testing).

Section 3.3.3.3 of Chapter 4 requires that tewnerature measurement instrumen-
tation be provided only if it is necessary for plant operating procedures
(e.g., to monitor metal temperature differcntials during plant startup and
shutdown). Because of the improved RT., of the ALWR, the rationale portion
of this section in the original [vo\utTBnary Requirements Document stated that
thermocouples would not be required for protecting the RPV from brittle
fracture; therefore, it might be possible to eliminate the thermocouples
completely. However, in the DSER fcr Chapter 4, the staff recommended that
protection of the RPV from brittle fractures not be eliminated because of
improved material; hence, thermocoup’es and a materials strveillance program
were necessary. This was identified as an open issue in the DSER.

In a letter dated December 21, 1991, EPRl submitted a proposed revision in
which the statement that thermocouples may not he required for brittle
fracture protection of the RPV was Jeleted from the rationale portion of
Section 3.3.3.3. The intent of the requirements of Section 3.3.3.3 is to
provide some thermocouples to assist operations, but to minimize their number
to reduce plant maintenance. The staff con~ludes that this revision accept-
ably addresses its concern. Therefore, this DSER open issue 1s closed.
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Section 4.2.2 of Chapter 4 establiches performance requirements for fuel
reliability, burnup, and 1ifetime. Included is @ requirement that premature
fuel failure that results from manufacturing defects be less than 1 per 50,000
fuel rods, with a goal of 1 per 100,000, The Evolutionary Requirements Docu-
ment also states that recent industry experience has shown that | fatlure per
50,000 is an achievable reliability.

In addition, Section 4...2 of Chapter 4 specifies that the basic fuel mechan-
ical design is to be capable of peak bund e-average burnups of at least

50,000 megwatt-days per metric ton of uranium (MW /MTU). This burnup capabi-
1ity 1s stated to be consistent with present or oxgectod near-term experience.
On the basis of the specified burnup rate, the Evolutionary Requirements
Document requires the fuel rods and fuel assembly structural components to be
designed for a minimum core residence time of . years.

In a letter dated July 9, 1987, £PRl stated that its requirements in Sec-

tion 4.2.2 of Chapter 4 and similar requirements for PWRs in Section 7.2.2 of
Chapter 4 are sufficient to consider Generic lssue (G1) B-22 resolved for the
ALWR. This issue was established to track industry efforts to improve the
reliability of predictions of fuel performance during normal operations and
postulated accident conditions. On the basis of current industry experience,
there has been a substantial improvement in fuel reliability since GI B-22 was
initiated. The staff is continuing to monitor fuel performance; however, it
agrees with EPR] that Gl B-22 is resolved for the ALWR.

4.3 fquipment Design Requirements

Section 4.3 of Chapter 4 of the Evolutionary Reguirements Document provides
BWR equipment design requirements for the core and fuel, neutron sources, and
nuclear instrumentation. None of these conflict with NRC regulatory require-
ments.

Section 4.3.2.2.2 of Chapter 4 contains requirements for the core power
distribution. The core power distribution will be monitored by both fixed
power level in-core sensors and movable traversing in-core probe (TIP)
detectors or fixed in-core calibration detectors. If the TIP system s used,
the TIP drive mechanisms, guide tubes, and position indicators, including any
necessary shielding and TIP motion interlocks, will be designed and located
for ease of servicing and/or replacement. The TIP system has been the source
of several overexposures or near overexposures (from exposure to irradiated
in-core detectors and/or the attached TIP drive cables) in recent years during
TIP withdrawal or replacement operations. To reduce personnel doses associ-
ated with TIP operations, the TIP interlock design will include appropriate
alarm warnings and protective measures.
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§ BWR CONTROL ROD DRIVE SYSTEM
5.1 Definition

The control rod drive (CRD) system will include the electrohydraulic contro)
rod drives, rod drive motors, hydraulic control units, hydraulic supply
system, scram and scram pilot solenoid valves, air header dump valves, inter-
connecting piping, and associated instrumentation, including rod position and
separation sensors. In a BWR, the CRD system is required to perform the
following functions:

. withdraw and insert the control rods at a norma) rate for operational
control

. control and indicate the positions of the control rods throughout the
full stroke

. insert the control rods for shutdown (scram) at the high rate required to
maintain fuel integrity

. control the positions of selected rods for core thermal-hydraulic
stability control

. control the positions of ganged-rod groups for faster changes in rod
position

. provide for the insertion of control rods by an alternative and diverse
method on receipt of ATWS (anticipated transient without scram) signals

. supply measured purge water to the reactor internal pumps

5.2 Performance Requirements

Section 5.2 of Chapter 4 of the Evolutionary Requirements Document establishes
performance requirements for the BWR CRD system. The staff found that none of
these utility requirements conflict with NRC requirements.

Section 5.2.1.2 of Chapter 4 requires that limiting conditions for operation
be developed to define the acceptable number and arrangement of .RDs that are
found to exceed the maximum scram times during test or operation. The ratiou-
ale for l]lowing the use of such CRDs is that a more precise calculation may
be carried out by considering the actual performance of nearby control rods,
measurement errors, and current core operating conditions, EPRI anticipates
that this use of CRDs with scram times in excess of the maximum may help to
meet the plant availability goals (i.e., 87-percent annual average over the
life of the plant) without reducing safety.

Section 5.2.1.4 of Chapter 4 specifies that the scram performance and design
of the CRD and hydraulic system will accommodate either a hafnium type or a
boron carbide type of control rod. The hafnium-type control rods have s)ower
scram times because they are heavier,
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5.3 fquipment Design Requirements

flectric motor drives are specified in Section 5.3.1.1 of Chapter 4 of the
Evolutionary Requirements Document for withdrawal and insert motion at normal
speed. The rationale portion of this section indicates that this specifica-
tion is based on favorable experience with electric motor drives in BWRs
overseas. The ability to move rods in small increments permits more precise
core power shaping and reduces the tendency for fuel claddin? cracking
associated with large increments. In addition, the use of electric motor
drives enables simpler seals to be used and allows changing these without
removing the CRDs.

Section 5.3.1.3 of Chapter & requires that the scram action of the CRD be
achieved by water hydraulic pressure provided by gas-charged accumulators, It
also allows each accumulator to provide scram pressure for several CRDs if the
concept is adequately supported by a safety evaluation. EPRI states that this
concept is being used successfully in overseas plants.

Section 5.3.5.3 of Chapter 4 requires that the scram pilol solenoid valves be
designed for continuous operation at the minimum and maximum voltages and
frequencies required by the reactor protection system (RPS). The rationale
for this requirement is to avoid the overheating and consequent damage to
valve materials observed in earlier plants. In a letter dated November 13,
1987, the staff asked EPRI 1f the scram pilot solenoid valves proposed in the
Evolutionary Requirements Doc ment were meant tu replace the electric protec-
tive assemblies (EPAs) that were used in past BWR designs to prevent an over-
voltage, undervoltage, or underfrequency condition from failing the scram
pilot solenoid valves in a nor-fail-safe state.

In its response dated January 25, 198%, EPRI described a fatlure mode involv~
ing the scram discharge volume (SOV) that had already teen eliminated for the
advan-ed boiling water reactor (ABWR) design, but was not the original reason
for the addition of the EPAs. The failure mode identified by EPRI was the
potential, in previous BWR designs, for a low-voltage condition that allowed
some scram discharge valves to open and fill the SDV without a scram of all
control rods. The original basis for requiring the EPAs, however, was the
concern that an overvoltage, undervoltage, or underfrequency condition would
cause excessive current or vibration of the scram pilot solenoid valves
resulting in overheating and eventual lockup of these valves. Elimirating the
SOV eliminates the failure mode identified by EPRI but not the failure mode
identified by the staff,

In subsequent discussions with the staff, EPRI stated that the intent of tnis
section of the Evolutionary Requirements Document was to preclude the over-
heating and binding of the solenoid valves by requiring that they be designed
to operate continuously over the full range of voltages and frequencies that
could be put out by the RPS power supplies. EPRI intends to demonstrate this
through a failure modes analysis of the power supplies. In the DSER for
Chapter 4, the staff stated that it did not believe that it was possible to
demonstrate that there were no failure modes of the RPS power supplies that
would result in a non-fail-safe failure of the scram pilot solenoid valves and
identified this as an open issue.

EPRI Evolutionary Plant SER 4.5-2
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In a letter dated February 11, 1992, FPR] continued to maintain that the
function of the EPA was not needed because of the elimination of the SDV, As
stated above, the staff maintains that eliminating the SOV does not eliminate
the failure mode that was the original basis for the EPA function. Further-
more, EPRI's approach of specifying requirements for the power supplies and
the scram pilot solenoid valves, while needed, does not eliminate the full
range of postulated failures that resulted in the need for the EPA. There-
fore, the staff has pursued the need for the EPA function with General
tlectric (GE) in the ABWR review. On the basis of preliminary discussions, it
appears that GE has included the EPA in the ABWR design. Therefore, the staff
concludes that this issue should be reviewed as part of an individual applica-
tion for FDA/DC, and this DSER open issue is closed.

Section 5.3.6 of Chapter 4 reguires an alternative means of rod insertion that
is separate and diverse from normal scram by the reactor trip system, This is
consistent with the NRC regulations in 10 CFR 50.62.

Maintenance

The o, fectives of the requirements in Section 5.3.9 of Chapter 4 are to

reduce gcrsonnel radiation exposure during maintenance of CRDs and to reduce
crit - 1 path time during refueling. To reduce personnel radiation exposure
du=*  maintenance of CRDs, a machine for automated removal and reinstallation
of the CRDs will be used. Adequate working space will be provided below the
CRO mechanisms to permit removal of the motors and maintenance on the sheft
seals without having to remove the entire mechanism from the reactor. This
will roduce both the time needed to perform the work and the resultant
exposure incurred. In addition, temporary shielding will be used, if needed,
to lower area dose rates during the removal and storage of CRD internals.
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portion of this sec’ion, EPRI states that “rodded maneuverin? control without
use of soluble boron is assessed to be feasibtle and practica with increased
use of proven, low-worth control rod designs.” This is not prohibited by NRC
requirements.

Section 7.2.1.4.2 of Chap*ar 4 states: “The fuel shall be designed to avoid
limitation on the rate of maneuvering capability and rate of power increase
for hot startups of the plant.... Cold startup power restrictions due to fuel
shall be eliminated." The staff recognizes the benefits of meeting this
objective and will review the specific fuel designs during its review of
individual app).cations for FDA/DC.

Section 7.2.2 of Chapter 4 addresses PWR fuel reliability, burnup, and 1ife-
time in essentially the same terms as those i3 Section 4.2.2 for BWR fuel,
The only apparent differences are associated with the specification of a
minimum of 60,000 MWD/MTU average burnup for BWR 1uel. These utility objec-
tives are not prohibited by NRC requirements.

7.3 n remen

The mechanical design requirements for the PWR core and fuel are given in
Section 7.3.1.1 of Chapter 4 of the Evolutionary Requirements Document. They
reflect the intent of ti.e ALWR program to use proven designs. They also
include such matters as designing tne fuel to be debris resistant. None of
these items are incompatible »ith NRC requirements.

; Section 7.3.1.2.3 of Chapter 4, originally specified that the fuel cycle

2 design include a non-positive moderator temperature coefficient (MTC) above

; 50-percent power at the beginning of 1ife and for operation over the entire

| power range later in life. This requirement permits a positive MTC below

| 50-percent power at the beginning of 1ife, which provides the flexibility to

| permit long fuel cycles, but retains the operational benefits of a non-
positive MTC in the 50- to 100-percent power load cycling range.

| Positive moderator coefficients ~=~ not prohibited by NRC req irerents.

| However, the effect of allowing positive moderator coefficients must be
evaluated throughout the fuel cycle for all transients and accidents, includ-
ing anticipated transients without scram. In the DSER for Chapter 4, the
staff concluded that Section 7.3.1.2.3 of Chapter 4 did not adequately define
when in the fuel cycle the positive moderator coefficients would be allowed

| above 50-percent power ar+ what requirements would be used to decide when a

| positive moderator coefficient was acceptable. This was identified as an open

| jssue in the DSER. In respense to this DSER open issue, EPRI revised the

| Evolutionary Requirements Document to require that the fuel cycle design
include a non-positive MTC over the entire fuel cycle when the reactor is
critical. The staff concludes that this is acceptable; therefore, this DSER
open issue is closed.

Section 7.3.1.4 of Chapter 4 and Table 4.7-1 specify materials requirements
for the PWR fuel assemblies, fu. rod cladding, and control rods and refer to
the material requirements in Section 5 of Chapter 1. The staff concludes that
these materials requirements serve to ensure that PWR fuel assemblies, fuel
rod cladding, and control rods are compatible with their intended service
conditions, and are, therefore, acceptable,
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Other topics ddressed in Section 7.3.1 of Chapter 4 include control of
hydriding, fretting corrosion, fuel assembly holddown force, holddown springs,
claddin? collapse, fuel rod bow, and fuel assembly bow. The staff reviewed
the EPRI requirements pertaining to these topics and did not identify any that
were incompatible with NRC requirements.

Section 7.3.2 of Chapter 4 covers the utility requirements for neutron sources
and instrumentation. None of them conflict with NRC requirements; however,
several of particular interest are discussed below.

Section 7.3.2.1 of Chapter 4 reguires that the reactor core be designed so
that the initial startup and subsequent startups can be performed with an
adequate neutron level signal on the out-of-core source range nuclear instru-
ments. This avoids the r2ed for special startup procedures that can result in
a reduced plant capacity factor and provides adequate margin to allow for
extended shutdown periods.

Section 7.3.2.3.1 of Chapter 4 requires the use of fixed in-core neutron
detectors instead of movable in-core detectors for monitoring core power
distribution. This will simplify plant eq..pment and reduce maintenance.

Section 7.3.2.4 of Chapter 4 specifies that thermocouples to monitor core
outlet temperature should be placed integrally with the neutron detector
string. This arrangement will simplify the instrumentation by eliminating the
need for separate thermocouple penetrations and conduits.

EPRI _volutionary Plant SER 4.7-3



S —

8 PWR CONTROL ROD DRIVE SYSTEM

8.1 Definition

The PWR control rod drive (CRD) system is defined as the CRD mechanisms,
position indicators, drive shafts, and electrical connectors. The control
rods are covered in Section 7 of Chapter 4 of the Evolutionary Requiremente¢
Document, The power supplies, power cables, and breakers are covered in
Chapter 11.

In a PWR, the CRD system is required to perform the following functions:

. position (withdraw and insert) the control rods in the core i1a response
to commands from the rod control system

. release the control rods for ¢ravity insertion into the core on power
interruption in response to a reactor trip initiated from either manual
or automatic reactor protection system controls at the reguired rate to
maintain fuel integrity

. permit the latching and unlatching of the cornection between the drive
rod and the control rod assemblies

8.2 Performance Requirements
Service Life
Section 8.2.1 of Chapter 4 of the Evelutionary Requiremenis Document requires

that the CRD system pressure boundary be designed for a service life of
60 years and establishes the following desian and test critaria:

. safe shutdown earthquake 1 event

. operational scrams 1500

. test scrams 450

. pressure test 1 per year

In the DSER for Chapter 4, the staff reported: "The above criteria appear to
be appropriate for a service life cf 60 years. However, this proposed
lifetime exceeds that of existing CRD mechanisms (CRDMs); hence, it is not
known whether that goal can be achieved." This was identified as an open
issue in the DSER. In a letter dated May 22, 1991, “PRI responded to the
staff’s comment by stating: "“The Requirements Document estabiishes the above
criteria which the CRD mechanisms must be qualified to meet. The common
practice with these components is to perform lifetime testing to qualify them
for the design lifetime. The requirements will be used as the basis for this
testing and any design will need tc be satisfactorily tested to meet the ALWR
requirements." The staff concludes that this is an acceptable commitment;
therafore, the DSER .pen issue concerrving the service 1ife of the CRDMs is
closed. Hcwever, it should be noted trat, as part of its review of individua)
applications for FDA/DC, the staff will perform detailed 1eviews of the
results of design and testing programs that will be implemented in accordance
with the above criteria to demonstrate that the CROMs are qualified for a
60-year service life.
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Scram Time

Section 8.2.2 of Chapter 4 requires that the CRD system be des.gned so that if
power 1s interrupted to the CRD coils or motors, the control rods will be
inserted by gravity from the fully withdrawn position to the fully inserted
position within a predetermined scram time. That scram time must be such that
the total time from sensor activation to completion of rod insertion satisfies
the most restrictive accident analysis. The staff concludes that this
requirement is compatible with NRC requirements.

The performance requirements also address the CRD response time, positioning
control, and verification of rod positions. Safety and reliability are
addressed in Section 8.2.4 of Chapter 4, which specifies that the CRD system
will be designed so that no single failure of a component, structure, system
function, or service function will prevent the CRD system frum performing its
safety-related function of preventing inadvertent rod drop and rod ejection.
In addition, the CRDMs are to be designed to operate without coolant flow (air
or water{ for a minimum of 30 minutes. This capabiiity will provide a
reasonable period of time for restoring the system after a loss of the CROM
00, 1ng system,

8.3 fquipment Design Requiremernts

Section 8.3 of Chapter 4 of the Evolutionary Requirements Document covers
equipment design requirements including structural and mechanical consider-
ations, materials, electrical and instrumentation design, and maintenance and
testing. These utility requirements specify a variety of details intended to
achieve high-quality design, reliable aperation, and simplified maintenance.
For example, Section 8.3.1.3 of Chapter 4 specifies that all CROM seals are to
be seal welded to preveni leakage of reactor coolant and are to be accessible
for repair without removing any adjacent CROMs. Similarly, the CRUM stator
coils and all electrical parts are to be replaceable without breaking the
primary system pressure boundary and without removing any adjacent CRDMs .
None of the equipment design requirements are incompatible with NRC require-
ments,

L)
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9 CONCLUSION

The staff concludes that the EPR! requirements established in Chapter 4 of the
Evolutionary Requiremenis Document for the design of reactor systems do not
conflict with current regulatory guidelines and are acceptable. However, by
themselves, they do not nrovide sufficient information for the NRC staff to
determine if the plant-specific design, operation, and arrangement of the
reactor systems will be adequate. Applicants referencing the Evolutionary
Requirements Document will be required to demonstrate compliance with the
additicnal guidance provided in the Standard Review Plan (SRP) (NUREG-0800),
or provide justification or alternative means of implementing the associated
regulatory requirements.

Therefore, the staff concludes that Chapter 4 of the Evolutionary Requirements
Document specifies requirements that, subject to resolution of the identified
vendor- and utility-specific iteus, if properly translated into a design and
constructed and operated in accordance with the NRC regulations in force at
the time the desiygn is submitted, should result in a nuclear power plant whose
reactor systems will perform as designed and have all the attributes required
by the regulations to ensure that there is no undue risk to the health and
safety of the public or to the environment.
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APPENDIX A
DEFINITIONS AND ACRONYMS

Appendix A of Chapter 4 of the Evolutionary Requirements Document contains
definitions of terms and acronyms. The staff has provided a consolidated 1ist
of acronyms in Volume 1 of this report.
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CHAPTER 5, “ENGINEERED SAFETY SYSTEMS"
1 INTRODUCTION

This chapter of the SER documents the NRC staff's review of Chapter 5, "Engi-
neered Safety Systems," of the Evolutionary Reguirements Document throu?h
Revision 3. Chapter 5 was prepared, under the project direction of EPRI and
the ALWR Utility Steering Committee, by ABB Combustion Engineering, Incorpo-
rated; Bechtel Power Corporation; Commonwealth Edison Company; Duke Power
Company; General Electric Company; MPR Associates, Inc.; S. Levy Incorporated;
Sargent and Lundy; Stone and Webster Engineering Corporation; Westinghouse
Electric Corporation; Yankee Atomic Electric Company; and EPRI.

On December 8, 1987, EPRI submitted Chapter § of the Evolutionary Requirements
Document for staff review. By letters dated January 27, March 18, and

April 4, 1988, the staff requested that EPRI supply additional information.
EPRI provided the information in responses dated March 28, April 6, August 16,
and September 15, 1988,

On February 28, 1990, the staff issued its DSER for Chapter § of the Evolu-
tionary Requirements Document. On July 12, 1990, and April 9, 199], the staff
and EPRI met with the Advisory Committee on Reactor Safeguards (ACRS) Subcom-
mittee on Improved Light Water Reactors (LWRs) to discuss Chapter 5, the
staff’s corresponding DSER, the outstanding issues from the staff’'s review of
Chapter §, and EPRI's approach to resolving each issue.

On September 7, 1990, EPRI submitted Revision 1 of the Evolutionary Require-
ments Document. Revisions 2, 3, and 4 were docketed on April 26 and
November 15, 1991, and April 17, 1992, respectively. EPRI submitted
additional information regarding Chapter § by letters dated October 18, 1990,
and May 22, July 2, and December 2, 6, and 16, 1991.

1.1 Review Criteria
Section 1 of Volume 1 of this report describes the approach and review

criteria used by the staff during its review of Chapter 5 of the Evoiutionary
Requirements Docume t.

1.2 Scope and Structure of Chapter §
Chapter 5 of the Evolutionary Requirements Document defines the ALWR Utility
Steering Committee's requirements for the design of the engineered safety

systems for ALWRs. Engineered safety systems are provided to prevent or
mitigate the effects of a spectrum of postulated accidents.

The ke topics addressed in the Chapter 5 review include EPRI-proposed design
requirements for

. EPRI's ALWR public safety goal
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severe-accident prevention and mitigation
severe-accident containment performance criteria
hydrogen generation and control

source-term issues

fire protection

high/low-interface design (intersystem loss-of-coolant accident
(LOCA))

anticipated transients without scram

operztion of residual heat removal (RHR) system with reduced reactor
coo:ant system inventory

station blackout

core-concrete interaction - ability to cool core debris
high-pressure core melt ejection

equipment survivability

inservice testing of pumps and valves

resolution of certain generic safety issues

1.3 Pelicy lssues

During its review of Chapter 5 of the Evolutionary Requirements Document, the
staff did not identify issues that involve policy questicas for the technical
areas discussed in this chapter, other than those already identified in the
Commission papers listed in Appendix B to Chapter 1 of this report.

1.4

Qutstanding Issues

The DSER for Chapter 5 of the Evolutionary Requirements Document contained the
following outstanding issues:

Open Issues

(1) containment performance criteria for severe accidents (2.1)

(2) metal-water reaction and hydrogen generation and control during a severe
accident (2.3 and 6.5.1)

(3) automatic standby liquid control system (4.2)

(4) effective distribution of boron injection (4.3)

(5) safety classification of containment spray system (4.4 and 7.2)
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(6)
(7)
(8)
(9)
(10)

(11)

(12)
(13)
(14)
(1%)
(16)
(17)
(18)
(19)

(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)

EPKI

suppression pool bypass leakage (4.5 and 7.2)

suppression pool temperature-monitoring system (4.6)

operation of RHR system with reduced reactor coolant system inventory
(Generic Letter 87-12) (5.2

safety depressurizatien and vent system (5.4, 5.5, and 6.6.5)

use of remote manual valves on essential lines that are not part of the
engineered safety systems (6.2)

containment isolation provisions for in-containment refueling water
storage tank connections (6.2)

Type C leak testing (6.2)

Type B testing of air locks (6.3.2)

Type C containment valve leak rate testing interval (6.3.3)

interface requirements for fission product leaxage control systems (6.4)
control systems for radiolytically generated hydrogen (6.5.2)

timing of igniter activation in the event of an accident (6.5.3)
containment heat removal (6.6.3)

functionability of fission product control systems during a severe
accident (6.6.4)

equipment survivability criteria for severe accidents (6.6.6)
severe-accident management (6.6.8)

dynamic effects of pipe breaks during severe accidents (7.2 and 8.1)
main steam isolation valve leakage rate (7.2)

containment leak rate (8.))

postaccident pH control (8.2 and Appendix B to Chapter 1)

containment integrity check (Appendix B to Chapter 1)

high/low-pressure interface design (Appendix B to Chapter 1)

deletion of charcoal adsorbers (Appendix B to Chapter 1)

BWR suppression pool fission product scrubbing (Appendix B to Chapter 1)

timing of fission product releases into containment (Appendix B to
Chapter 1)

Evolutionary Plant SER 5.1-3



B R R I R I R O R R OO ORI O RO R RO OO RO T T RN RER RO RSN\~

¥ i rm
(1) low-temperature overpressure protection (5.2)
(2) automatic/manual initiation of feedwater flow (5.3)

(3) use of 1iquid in Type C containment leak rate testing (6.3.3)
(4) actuation of the containment spray system (8.2)

(5) low-temperature overpressure protection (Appendix B to Chapter 1)

(6) 10 CFR Part 50, Appendix J local leakage testing (Appendix B to Chap-
ter 1)

The final disposition of each of these issues is discussed in detail in the
appropriate section of this chapter, as indicated by the parenthetical
notation following each issue. A11 but one of the issues identified in the
DSER for Chapter 5 have been resolved. The one outstanding issue is a policy
issue on whizh the staff has taken a position, but for which the Commission
has not had the opportunity to provide guidance. The outstanding issue, with
a reference to the appropriate section of this chapter given in parentheses,
is listed below. The designator in front of the issue provides a unique
identifier for it. The letter "E" indicates that the issue applies to the
evolutionary plant design. The first number designates the chapter in which
i* is identified. The letter "0" designates that it is an open issue. The
final number is the sequential number assigned to it in the chapter.

Open lssue

£.5.0-1 core debris coolability (6.6.2)

1.5 Vendor- or Utility-Specific [tems

The vendor- or utility-specific items, with references to appropriate sections
of Chapter 5 given in parentheses, are listed below. The designators in front
of each issue provide a unigue identifier for each issue. The Jetter w
indicates that the issue applies to evolutionary plant designs. The first
number designates the chapter in which it is identified. The letter "V
designates that it is a vendor- or utility-specific item. The final number is
the sequential number assigned to it in the chapter.

£.5.V-1 containment performance criteria for severe accidents (2.1)

£.5.v-2 metal-water reaction and hydrogen generation and control during a
severe accident (2.3 and 6.5.1)

£.5.V-3 fire protection (2.5)

£.5.V-4 diesel generator start time (3.2)

£.5.V-5 detailed LOCA analysis concerning core spray for BWRs (4.1)
£.5.v-6 safety classification of containment spray system (4.4 and 7.2)
£.5.v-7 suppression pool bypass leakage (4.5 and 7.2)
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suppression pool temperature-monitoring system (4.6)

intersystem LOCA (5.2)

operation of RHR system with reduced reactor coolant system inven-
tory (Generic Letter 87-12) (5.2)

shutdown risk (5.2)

feed-and-bleed capability (5.4)

safety depressurization and vent system (5.4, 5.5, and 6.6.5)

Jse of remote manual valves on essential lines that are not part of
che engineered safety systems (6.2)

Type ¢ leak testing (6.2)

conlainment integrated leak rate testing (6.3.1)

Type A leak testing (6.3.1)

Type B testing of air locks (6.3.2)

use of water in Type C containment leak rate testing (6.3.3)
Type C containment valve leak rate testing interval (6.3.3)
control systems for radiolytically generated hydrogen (6.5.2)
design criteria for igniter system (6.5.3)

evaluation of igniter system (6.5.3)

method for determining load collapse of containment (6.6.1)
concrete containment analysis (6.6.1)

containment overpressure protection (6.6.3)

functionability of fission product control systems during a severe
accident (6.6.4)

equipment survivability criteria for severe accidents (6.6.6)
accident management plan (6.6.8)

dynamic effects of pipe breaks during severe accidents (7.2)
main steam isolation valve leakage rate (7.2)

suppression pool design features (7.3)

containment leak rate (8.1)

postaccident pH control (8.2 and Appendix B to Chapter 1)
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2 TOP-LEVEL REQUIREMENTS COMMON TO BWRs AND PWRs

EPRI intends the design bases of the ALWR to provide a balance between core
damage prevention and core damage mitigatior. The core damage prevention
functions include (1) the core coclant inventory function, (2) the decay heat
removal function, (3) the diverse reactivity control function, and (4) the
reactor coolant system (RCS) pres.ure control function. The ritigation
functions include (1) the containment integrity function and (2) the fissicn
product control function. The engineered safety systems, in conjunction with
supporting systems described in other chapters of tne Evolutionary Require-
ments Document, serve to provide these functions. Sections 2.1 through 2.4 of
Chapter 5 of the Evolutionary Requirements Document define top-levei reciire-
ments applicable to both the core darage prevention and mitigation features of
BWRs and PWRs,

Section 2.2.2 of Chapter 5 of the Evolutionary Requirements Document states
that probabilistic risk assessment (PRA) techniques will be used to demon-
strate that the plant design will meet EPRI's ALWR safety margin basis goals
as follows:

. Frequency of core damage is less than 1.0E-5 event per reactor-year.

. Whole-body dose at an assumed 0.5-mile site exclusion area boundary
must be less than 25 rem for events whose cumulative frequency exceeds
1.0E-6 per reactor-year.

EPRI's bas s for selecting 25 rem as the whole-body dosy criterion is that it
considers this value to be “a very low dose with no observable health ef-
fects." It considers the associated accident frequency of 1.0E-6 to be "low
enough to satisfy the utilities’ desire for excellence and the public percep-
tion," and believes that it can be gemonstrated analytically.

The staff compared these objectives with the Commission's safety goal policy,
which was announced on August 4, 1986 (51 FR 23044). In its safety goal
policy, the Commission proposed as qualitative goals that the operation of a
nuclear power plant should pose very low risks to nearby individuals and to
society, In addition, the following quantitative objectives were to be used
in determining achievement of these goals:

. The risk to an average individual in the vicinity of a nuclear power
plant of prompt fatalities from a reactor accident should not exceed
0.1 percent of the sum of prompt fatality risks from other accidents.

. The risk to the population in the area near a nuclear power plant of
carcer fatalities resulting from reactor operation should not exceed
0.1 percent of the sum of cancer fatality risks from all other causes.

In the DSER for Chapter 5, the staff stated that it was reviewing the proposed
ALWR public safety goals to ensure they are consistent with the Commission’s
Safety Goal Policy Statement. The current regulations do not specify require-
ments in numerical terms of frequency of core damage or large release events.
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When the DSER was issued, the staff recommended that the Commission approve
the use of the following quantitative objectives in its implementation of the
safe'y goal policy for future standardized planis:

. The mean core damage frequency tarqet for each design should be less than
1.0E-5 event per reactor-year.

. The overall mean frequency of a large release of radioactive materials
to the environmen. from a reactor accident should be less than 1 in
1 million per year of reactor operation for which a large release is
defined as cne thot has a potential for causing an offsite early
fatality.

Although these s*taff-proposed quantitative objectives were not part of the
current regulations, the staff stated that they were consistent with the
Comnissicen’s Safety Goal Policy Statement.

In its staff requirements memorandum (SPM) dated )une 26, 1990, the Commission
approved the use of an overall mean frequency of a large release of radioac-
tive materials to the environment from a reactor accident that is less than I
in a million per year of reactor ocperation. Although the current regulations
do not specify requirements in numerical terms of frequency of core damage,
the Commission, in its June 15, 1990, SRM on implementation of the NRC's
safety goals, stated that "a core damage probability of less than 1 in 10,000
per year of reactor operation appears to be a very useful subsidiary benchmark
in making judgments about that portion of [the NRC's] regulations which are
directed toward accident prevention."”

In its letter dated January 27, 1988, the staff requested that EPRI clarify
its position regarding the ALWR public safety criterion so that the staff
could determine if EPRI’s second criterion, stated above, is consistent with
this guideline. By letter dated April 6, 1988, EPRI responded that "the
results of the PRA that is performed will be used tc obtain a mean complemen-
tary cumulative distribition function (CCOF) for whole-body dose at 0.5 mile
and to show that no point on this curve exceeds both 25 rem and 1.0E-6 per
reactor-year." EPRI further stated that Appendix A to Chapter 1 of the
Evolutionary Requirements Jocument, "PRA Key Assumptions and Groundrules,"”
will address the methods fcr demonstrating that a design has met the proposed
criterion. In addition to designing an ALWR to meet its public safety goal,
EPRI also requires the designer to show that the facility meets the dose
guidelines of 10 CFR Part 100 for the limiting design-basis accidents. The
staff's review of Appendix A to Chapter 1 is provided in the corresponding
chapter of this report.

In a letter dated April 6, 1988, EPRI indicated that the ALWR public safety
goals do not contain explicit criteria for conditional probability of coentain-
ment failure or other mitigation features, since EPRI believes that such
criteria could potentially distort the balance in safety design and inhibit
innovative improvements in core protection features. The letter cites the
consistency of this position with the conclusions stated in the Nuclear
Management and Resources Council (NUMARC) Containment Integrity Working Group
report dated February 3, 1988.
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The containment should maintain its role as a reliable lTeak-tight
barrier by ensuring that containment stresses do not exceed ASML

Service Level C 1imits for a minimm period of 24 hours following
the onset of core damage.

The staff further concluded that the containment stresses for evolutionary
ALWRs with concrete containments should not exceed the ASME factored load
category for a minimum of 24 hours following the onset of core damage.

Maintaining containment integrity for the first 24 hours is based on providing
sufficient time for the remaining airborne activity in the containment
(principally noble gases and iodine) to decay to a level that would not exceed
10 CFR Part 100 dose guide)ines when analyzed realistically, if controlled
venting were to occur after that time. During this 24-hour period, contain-
ment integrity should be previded, to the extent practicable, by the passive
capability of the containment itself and any related passive design features
(¢.9., suppression pool). The staff further concluded that following this
Z4-hour period, the containment should continue to provide a barrier against
the uncontrolled release of fission products. However, in keeping with the
concept of allowing for intervention in coping with long-term or gradual
energy release, the staff stated that, after 24 hours, controlied, elevated
venting may be used in the containment design to reduce the probability of a
catastrophic failure of the containment. Alternatively, diverse containment
heat removal systems could be used or the restoration of normal containment
heat removal capability could be relied on, if suificient time is available
for major recovery actions (e.g., 48 hours). Systems used to prevent Tong-
term containment failure need not meet the full complement of regulatory
requirements associated with safety systems. The design of those systems need
only ensure an appropriate reliability for operation. Furthermore, accident-
mitigation features that deal with core-damage accidents can be evaluated on a
besi-estimate basis.

In evaluating the capability of the containment design, it is necessary to
corsider tne energy loading associated with (1) stored energy from the RCS,
(2) chemica)l reaction energy associated with core degradation, (3) decay heat,
and (4) hydrogen combustion and other noncondensible gas generation, as
appropriate, including core-concrete interaction consistent with the design.
The staff concluded that other energy release mechanisms (e.g., direct
heating) should be addressed by reducing their likelihood to sufficiently low
levels through design features.

In the DSE™ for Chapter 5, the staff concluded that the design features to
maintain the integrity of the containment against such challenges would lead
to a rugged containment system. In view of the low probability of accidents
that would challenge the integrity of the containment, the staff concluded
that the unreliability of the mitigation systems, from the onset of core
damage to prevention of significant releases, should not exceed approximately
0.1.

However, the staff intends to ensure that the cortainment can deal with all
credible challenges and does not intend to apply the conditional containment
failure probability (CCFP) guideline in a manner that could be interpreced to
potentially detract from overall safety. The staff stated that it will accept
a CCFP of 0.1 or a deterministic containment performance goal that offers
comparable protection in its evaluation of the evolutionary LWRs.
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turbine-generator to power its loads for the duration of the station black-
out). In any case, the staff expects whatever manner of analysis is provided
to demonstrate compliance with 10 CFR 50.63 to be consistent with the guidance
provided in NUMARC 8700 and RG 1.155.

Because determination of the actua) coping duration and the ALWR capability to
recover during that period is partially dependent on site-specific character-
istics, the subject station blackout analysis required to show compliance with
10 CFR 50.63 will necessarily be plant specific. Additional requirements that
address station blackout are provided in Chapter 11 of the Evolutionary
Requirements Document. The staff's evaluation of these requirements are in
the corresponding chapter of this report.

2.3 Zirconium-Water Reaction and Hydrogen Generation

2 its letter dated August 16, 1988, EPRI stated: "Because of the mul 1i-
.y of regulatory requirements regarding hydrogen control for severe
accidents, the specific regulation that the ALWR is required to meet ° t
clear at this time." On that basis, EPRI submitted the proposed ALWR h__ igen
control requirements as an optimization issue, asking the staff to evaluate
the proposed requirements on the basis of their unique technical merits
independent of current and future regulations.

Section 2.4.1.7 of Revision 0 of Chapter 5 of the Evolutionary Reguirements
Document specified that containment and combustible gas control systems be
aesigned to accommodate 75-percent in-vessel zirconium-water reaction of the
active fuel cladding and 13-percent containment uniform hydrogen concentra-
tion. It stated that 75-percent cladding oxidation is believed to be a
conservative upper limit on the amount of hydrogen generated in a degraded-
core situation, including recovery. EPRI stated that no significant ex-vessel

hydrogen generation, as a result of core-concrete interaction, would occur
under severe-accident conditions.

In the DSER for Chapter 5, the staff stated that the proposed zirconium-water
reaction assumption of 75 percent is considerably greater than the value
oreccribed by RG 1.7, "Control of Combustible Gas Concentrations in Contain-
meit Following a Loss-of-Coolant Accident," for design-basis-accident consid-
erations and is believed to be a mid-range estimate of in-vessel hydrogen
generation for severe accidents (see NUREG-1150, "Reactor Risk Reference
Document," February 1987, Tables J.4.]1 and J.4.2). The staff further stated
that the proposed 13-percent hydrogen concentration limit is based on theory
and extrapolations of experimertal data described in Task 8.3.5.4, "Technical
Support for the Hydrogen Contr . Requirement for the EPRI Advanced Light Water
Reactor Requirements Document" (Fauske and Associates, Inc., June 1988). It
is asserted to be very unlikely that “etenations in hydrogen-air-steam
mixtures will occur below this 1imit. However, because of the uncertainties
in the phenomenclogical knowledge of hydrogen generation and combustion, the
staff stated that, as a minimum, ALWRs should be designed to (1) accommodate
hydrogen equivalent to 100-percent metal-water reaction of the fuel cladding
and (2) limit containment hydrogen concentration to no greater than 10 per-
cent. The staff's position is consistent with the requirements of 10 CFR
50.34(f) as referenced in 10 CFR Part 52. Furthermore, because hydrogen
control is necessary, given present analytical capabilities, to preclude local
concentrations of hydrogen to detonable limits, the staff concludes ALWRs
should provide containment-wide hydrogen control (e.g., igniters, inerting)
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for severe accidents. Additional advantages of providing hydrogen control
mitigation features (rather than relying on random ignition of richer mix-
tures) include the lessening of pressure and temperature loadings on the
containment and essential equipment.

In its SRM of June 26, 1990, the Commission stated that the requirementis of
10 CFR 50.34(f)(2)(ix) should remain unchanged for evolutionary LWRs.

Sections 2.4.1.6 and 2.4.1.7 of Revision 1 of Chapter 5 stated that the plant
designer should ensure that a detonable mixture will not exist for an amount
of hydrogen equivalent to that generated by oxidation of 75 percent of the
fuel cladding surrounding the active fuel, and that the uniformly distributed
gas concentration in the containment will not exceed 13 percent under dry
conditions. Section 6.5 of Chapter 5 provides additional requirements using
this criterion for combustible gas control. In its letter of December 6,
1991, EPRI stated that the Evolutionary Requirements Document will be modified
to fully comply with the staff position of 100-percent active fuel cladding
and a maximum containment concentration of 10 percent. The staff’s position
is that the plant-specific designs must comply with the provisions in 10 CFR
50.34(f) for combustible gas control as stated in SECY-90-016.

The staff concludes that EPRI has indicated its intent to comply with the
staff position. Therefore, the DSER open issue is closed. The staff will
evaluate the design against the criteria in 10 CFR 50.34(f) and SECY-90-016
during its review of an individual FDA/DC application. Additional information
concerning the staff’s position regarding acceptable implementation of these
requirements is given in Section 6.5.1 of this chapter. Section 4 of Appen-
dix B to Chapter 1 of this report provides additional cross-reference where
this issue is discussed.

2.4 Decay Heat Calculations (American Nuclear Society (ANS) 5.1)

Section 2.2.6 of Chapter 5 of the Evolutionary Requirements Document states
that the design of decay heat removal systems (excluding analyses performed in
accordance with Appendix K to 10 CFR Part 50) will be based on decay-heat-
generation rates as given in ANS 5.1 (October 1979). The staff concludes this
is acceptable for realistic evaluations permitted by the revised 10 CFR 50.46
and Appendix K to 10 CFR Part 50.

Standard Review Plan (SRP) Section 9.2.5, "Ultimate Heat Sink," states that
the desigr of decay heat removal systems should be evaluated against Branch
Technical Position (BTP) ASB 9.2, which requires an additional 20-percent
uncertainty factor be included for the first 1000 seconds following shutdown
and 10 percent between 1000 seconds and 10 million seconds. However, a recent
comparison to the ORIGEN code (described in an attachment to EPRI's letter of
August 16, 1988) has shown ANS 5.1 to be a conservative predictor of decay
heat generation. On this basis, the staff concludes that ANS 5.1 can be used
in lieu of BTP ASB 9.2 for decay-heat-generation rates in the design of decay
heat removal systems.

2.5 Fire Protection

Section 2.3.2 of Chapter 5 of the Evolutionary Requirements Document indicates
that fire protection will be as specified in 10 CFR 50.48. It states that,
for equipment in the same general area, a 3-hour fire barrier will be utilized
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in 1ieu of physical separation unless it is "impractical or less safe.” In
the DSER for Chapter 5, the staff stated that fire issues that have been
raised through operating experience and through the External Events Progra:
must be resogved for ALWRs., To minimize fire as a significant contrioutor to
the likelihood of severe accidents for advanced plants, the staff concluded
that current NRC guidaice must be enhanced. Therefore, the criteria deli-
neated in the Evolutionary Requirements Document must ensure that safe
shutdown can be achieved, assuming that ail equipment in any one fire area
will be rendered inoperable by fire and that reentry into the firs area for
repairs and operator actions is not possiple. Because of its physical
configuration, the control room is excluded from this approach, provided an
alternative shutdown capability that is physically and electrically indepen-
dent of the control room is included in the desiyn. The ALWR design criteria
must provide fire protection for redundant shuidown systems in the reactor
containment building that will ensure, as much as practicable, that one
shutdown division will be free of fire damage. Additionally, criteria should
be provided in the Evolutionary Requiremencs Document to ensure that smoke,
hot jases, or fire suppressants will not migrate into other fire areas to the
extent that they could adversely affect safe-shutdown capabilities, including
operator actions. Because the layout of a nuclear plant is design specific,
the staff will review plant-specific design details on an individual basis.
The staff will require a description of safety-grade provisions for the fire
protection systems to ensure that the remaining shutduwn capabilities are
nrotected, as well as demonstration that the design complies with the migra-
tion criteria discussed above,

In SECY-90-016, the staff proposed that the above enhanced fire protection
criteria be implemented for ALWR dosigns. In its SRM of June 26, 1990, the
Commission endorsed these criteria as supplementad by the staff’'s response of
April 27, 1990, to the ACRS comments. The staff's evaluation of EPRI’s
proposed requirements for fire prctection is given ir Section 3 of Chapter 9
of this report. Additional discussicn regarding the enhanced fire protection
discussed above and in Chapter 9 is contained in the regulatory analysis in
Appendix B to Chapter 1 of this report.

2.6 Severe-Accident Analyses

Section 2.4.2 of Chapter 5 of the Evolutionary Requirements Document specifies
that provisions be made and realistic analyses be conducted for severe
accidents, including in-vessel and ex-vessel core-debris cooiing and cavity
flooding. The staff accepts the position that severe-accident analyses should
be based on realistic or best-estimate methods with proper consideration of
uncertainties in phenomenological modeling. In the absence of detailed,
explicit regulatory <. iteria, the Evolutionary Requirements Document states
that the plant designer will use industry-ceveloped methods (e.g., MAPP) to
demonstrate that the risk objectives of the ALWR public safety goal are met.
The staff will, as appropriate, conduct independent analyses using staff-
developed methods to assess each applicant’s analyses. See Section 6.6 of
this chapter for an evaluation of severe-accident mitigation feaiures,

2.7 Source-Term Issues

Appendix C to Revision 0 of Chapter 5 contained EPRI-proposed requirements for
specific source-term issues. EPRI's requirements regarding these issues are
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3 ALWR CORE DAMAGE PREVENTION REQUIREMENTS

Prevention of core damage will rely on four functions: (1) core coolant
inven-tory control, (2) decay heat removal, (3) diverse reactivity control,
ana (4) reactor coolant system (RCS) pressure control. Requirements to
prevent core damage are applicable to both PWRs and bWRs and are defined in
Section 2 of Chapter 5 of the Evolutionary Requirerents Document.

3.1 Inservice Testing

In SECY-90-016 and in the DSER for Chapter 5, the staff stated that the
American Society of Mechanical Engineers Boiler and Pressure Vessel Code (ASME
Code), Section XI, "Rules for Inservice Inspection of Nuclear Power Plant
Components," has been used to establish past testing requirements for ASME
Code Classes 1, 2, and 3 safety-related pumps and valves. Although these
requi,ements provide certain information on the op.:2ticnal readiness of the
components, they do not necessarily provide for the verification of the
capability of the components to perform their intended safety function.
Therefore, the code does not ensure the necessary level of component operabil-
ity that is desired for the evolutionary LWR designs. The staff concluded
that the following aspects of pump and valve testing and inspection are
necessary to provide an adequate level of assurance of operability and should
be applied to all safety-related pumps and valves and ~ot be limited to ASME
Code Classes 1, 2, and 3 components.

. Piping design should incorporate provisions for full-flow testing (maxi-
mum design flow) of pumps and check valves.

. Designs should incorporate provisions to test motor-operated valves under
design-basis differential pressure.

. Check valve testing should incorporate the use of advanced nonirtrusive
techniques to address degradation and performance characteristics.

. A program should be estahlished to determine the frequency necessary for
disassembly and inspection of pumps and valves to detect unacceptable
degradation that cannot be detecte' through the use of advanced non-
intrusive techniques. The staff notes that current state-of-the-art non-
intrusive techniques are insufficient to preclude disassembly and
inspection of any pumps or valves. Therefore, with the current non-
intrusive techniques, it will be necessery to determine a frequency for
disassembly of all these components.

Section 3.4.1 of Chapter 5 of the Evolutionary Requirements Document requires
systems to be i, .pectable and testable. In its letter dated April 4, 1988,
the staff stated its position that plant designs for which the final design is
not complete will have sufficient lead times during the development of the
piping system designs to include provisions for inservice testing of all
applicable pumps and valves in accordance with ASME Code, Section XI. There-
fore, requests for relief from such testing should be virtually eliminated.
The staff also informed EPRI of staff positions relating to inservi~e testing
of check valves, valves in the emergency diesel generator subsystem, pressure
isolation valves, solenoid-operated valves, excess flow check valves, and
control rod drive valves.
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In its letter dated August 16, 1988, tPRI responded that Chapter | will be
revised to include specific requirements for inservice testing ot valves in
the emergency diesel generator subsystem. The staff's evaluation of this
issue is in Chapter 1 of this report. For the purposes of this chapter, this
issue 1s closed.

EPRI stated that the information requested on inservice testing of check
valves, solenoid-operated valves, excess flow check valves, and control rod
drive valves was beyond the scope of the ALWR Requirements Document and that
the applicant will implement the inservice testing program at the time of
licensing. The staff agrees with EPRI's response and will review the detailed
inservice testing prepared for each plant design.

The staff’s ¢valuation regarding leak testing of pressure isolation
valves is given in Section 3 of Appendix B to Chapter 1 of this report.

3.2 Diesel Generator Start Time

Section 3.4.6 of Chapter 5 of the fvolutionary Requirements Document requires
that engineered safety systems be designed so that the onsite power source
start time need not be shorter than 20 seconds and the combined start time and
load sequencing time need not be shorter than approximately 40 secords. In
the rationale portion of this requirement, EPRI stated that operating plants
have sometimes exceeded the current 10-second start-time requirement by & few
seconds or have experienced governor stability problems and emergency over-
speed shutdowns. The staff questioned how the design of the diesel starting
system might be changed to take advantage of this increased starting time and
improve the starting reliability of the machine.

EPRI responded that a 20-second starting time improves diesel generator
reliability by allaviating the requirements for the governor characteristics
and eliminating most of the instability problems. It also allows the use of a
ramp generator to control the acceleration of the unit to full speed. With
this scenario, the unit accelerates freely up to approximately 50-percent
speed, at which point the governor controls the acceleration to full speed
following a predetermined ramp, thereby eliminating any overshoot. With the
use of the ramp generator, the engii.2 will safely reach full speed in 13 to 14
seconds. A 6- to 7-second margin is provided before load sequencing to allow
lube 01l pressure to build up and stabilize, which eliminates a failure to
start because of a trip on low lube ¢il pressure. In addition, this margin
ensures that all parts of the engine are properly lubricated before any large
load is applied, thereby reducing engine wear.

The staff concludes that the longer starting period allowed for the diesel
generator will likely improve the reliability for those conditions at which it
is directed, assuming that the sequencing-on of the engineered safety system
loads can be delayed with no adverse effects on the functiona)! capability of
the respective systems. Also, the amount of unreliability added by the ramp
generator circuitry in the diesel generator must be considered.

The use of increased starting and loading intervals is acceptable, provided
the increased intervals are properly incorporated into plant-specific accident
analyses and shown by such analyses to result in acceptable consequences. The
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staff will require the ALWR designer/applicant to demonstrate the acceptabi-
Tity of such an analysis during the staff's review of an individua) applica-
tion for FDA/DC.

3.3 Electric Valve Operators

Section 3.4.12 of Chapter 5 of the Evolutionary Requirements Document stated
that valve operator motor controls will generally not be desioned to automat-
ically stop valve motion as a result of an electric overload except during
valve operational testing. This requirement was in general agreement with
Position 1(a) of RG 1.102. "Thermal Overload Protection for Electric Motors on
Motor-Operated Valves" (Revision 1), which states that therma! overload
protection devices should de continuously bypassed and used temporarily only
when the valve motors are undergoing periodic or maintenance testing. The
specified requirement is acceptable; hc ‘ver, it conflicted with the require-
ments in Sections 6.5.2 and 7.6.1 of Chapter 11 of the Evolutionary Require-
ments Document, which specify that thermal overloads for valve motors will be
used to trip the operator when necessary to prevent motor failure and provide
an alarm indicating misoperation. In a letter dated January 10, 1992, EPRI
stated that its approach for providing valve operator protection without
compromising the safety functions is that described in Chapter 1. and, to
eliminate any ambiguity, Section 3.4.12 of Chapter 5 will be deleted. The
staff concludes that this is acceptable. This paragraph was deleted in

Revision 4 of Chapter 5. This issue is also discussed in Section 2.2.9 of
Chapter 11 of this report.
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4 BWR CORE DAMAGE PREVENTION REQUIREMENTS

The Evoluiionary Requirements Document states that the BWR core coolant
inventory control, decay heat removal, and reactor coolant system (RCS)
pressure control functions will be provided by the following systems in the
ALWR design:

high-pressure injection (HPI) system

reactor ~~re isolation cooling (RCIC) system
decay he. emoval (DHR) system

automatic depressurization system (ADS)

These systems are grouped intoe three divisions, each division having independ-
ent service water, ac power, and dc power supplies. Divisions 1 and 2 will be
identical; each will have a motor-driven high-pressure injection pump and one
or more motor-driven low-pressure DHR pumps. Division 3 will consist of a
steam-driven high-pressure injection pump, #n ADS, and a DHR pump. Each
division will have a heat exchanger. Any of the three divisions will be
capable of performing the low-pressure injection or suppression pool cooling
function. Two of the divisions will provide contain ent spray.

4.1 Elimination of Cere Spray

The ALWR BWR design does not include a core spre system because EPRI believes
that reflood cooling is sufficient to protect against core damage. In
addition, this design eliminates the concern of a large or medium loss-of-
coolant accident (LOCA) below the core because the large recirculating system
piping has been removed. The staff concludes that this design is acceptable
if detailed LOCA calculations confirm that core spray is not necessary to meet
10 CFR 50.46 requirements. The staff will requ.re the ALWR designer/applicant
to demonstrate the acceptability of such an analysis during the staff's review
of an individual application for FDA/DC.

4.2 Anticipated Transients Without Scram

In its DSER for Chapter 5, the staff stated that the Evolutionary Requirements
Document did not specify a requirement for an automatic pump trip to resolve
staff concerns regarding anticipated transients without scram (ATWS) for ALWR
BWRs. The staff concluded that this requirement should be added or exemption
from the ATWS rule (10 CFR 50.62) should be justified.

In its l.tter dated December &, 15”1, EPRI agreed to provide a requirement for
an automatic initiation feature for the standby liquid control system (SLCS).
Section 4.6.3.5.1 of Revision 4 to Chapter 5 includes this modification. The
staff concludes that this requirement is in accordance with 10 CFR 50.62 and
is acceptable. Therefore, this DSER open issue is closed. This issue also is
discussed in Section 2.5.4 of Appendix B to Chapter 1 of this report.

4.3 Standby Liguid Control System

The diverse reactivity control function required by General Design Criterion
(GDC) 26 of Appendix A to 10 CFR Part 50 is provided by the SLCS. The ALWR
proposed design is similar to the SLC® in current BWRs. The system perfor-
mance requirement in Section 4.6.2 of Lhapter 5 of the Evolutionary Require-
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. Pool temperature will be indicated and recorded in the contro) room, If
the suppression pool temperature limits are based on bulk pool tempera-
ture, operating procedures or analyzing equipment should be used to mini-
mize the actions requiied by the operator to determine the bulk pool tem-
perature. Oper|t1n? procedures and alarm setpoints should consider the
relative accuracy of the measurement system,

. Instrument setpoints for alarms will be established so that the plant
will operate within the suppression pool temperature limits.

. A1l sensors will be designed to seismic Category I, Quality Group B stan-
dards and be capable of being energized from onsite emergency power
supplies.

In the DSER for Chapter 5, the staff stated that Section 4.5.3.4.3 of Revi-
sfon 0 t9 Chapter § of the Evolutionary Requirements Document required that
suppression-pool temperature sensors be located in each quadrant of the
suppression pool, However, the document did not include justification or
analysis to demonstrate the adequacy of the number and distribution of such
temperature sensors, and it did not incorporate the general design require-
ments of NUREG-0783.

In Revision 1 to Chapter 5, EPRI deleted Section 4.5.3.4.3 and revised
Section 7 .3 to state that the suppression pool temperature monitoring sensor
groups wilr be located in each quadrant of the suppression pool and that the
monitoring system design will meet the requirements of NUREG-0783. EPRI
states that the four quadrants correspond to the four channels of the reactor
protection system. However, NUREG-0783 states that the redundant temperature
sensors should be located at each quencher. EPRI has not stated that its
requirement for the number and distribution of temperature sensors will meet
the guidance provided in NUREG-0783. Therefore, ine staff will review an
individual application for FDA/DC against the guidelines in NUREG-0783. This
DSEP opei 1ssue 1s closed.
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5 PWR CORE DAMAGE PREVENTION REQUIREMENTS
5.1 Introduction

section 5 of Chapter 5 of the Evolutionary Requirements Document identifies
core damage prevention requirements for PWRs and states that core damage will
be prevented by the fo)lowing systems:

residual heat removal (RHR) system

emergency feedwater (EFW) system

safety injection system (S!S)

safety depressurization and vent system (SDVS)

In its Tette: dated August 16, 1988, EPRI described its probabilistic basis
for providing two divisions of safety systems in PWRs. The information
presented indicates that the decision was based on previous probabilistic risk
assessments (PRAs), from which EPRI concluded that this approach will enable
the ALWR to meet its safety goals. Since two divisions also are consistent
with regulatory requirements, this approach is acceptable.

5.2 Residua) Heat Remova! Sy-tem

In the Evolutionary Requirements Document, EPRI states that the RHR system
will consist of two divisions, each with a low-pressure motor-driven pump and
heat exchanger located outside the containment. The RHR system design
pressure and temperature conditions are specified to be 900 psig and 400 °F.
EPR] states that these design conditions will preclude the possibility of a
reactor coolant system (RCS?/RHR intersystem LOCA should the RdR system be
subjected to the higher RCS pressure. The two RHR pumps will have backup
cross-connc: tions to the containment spray pumps to facilitaie maintenance.

Mid-Loop Operation

During certain shutdown periods, it may be necessary to perform inspection
and/or maintenance operaticns on the steam generators and reactor coolant
pumps. Toward the end of the associated cooldown, the reactor coolant
inventory is reduced sufficiently to drain the steam generator channel heads
and install steam generator isolation devices (nozzle dams). The RCS water
leveltis lowered while RHR operation continues; this is termed "mid-loop"
operation.

The staff concludes that in order to ensure its continued availability to
perform the RHR function during mid-loop operation, design features must be
incorporated in the RCS and the RHR system to prevent loss of RHR.

Section 5.2.3.1.3 of Chapter 5§ of the Evolutionary Requirements Document
specifies requirements relating to potential loss of decay heat removal when
RCS Tevel is lowered for maintenance during shutdown cperations. EPR] has
revised Section 5.2.3.1.3.2 of Chapter 5, which specifies requirements
rolat1ng to shutdown level instrumentation, to require means to ensure
substantial margin between the nominal level required for maintenance with the
reactor fueled and the RCS evel for inadvertent vortex formation.
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The staff concludes that this revised cet of ¢riteria provides a set of
requirements that is adequate for designing a system meeting the criteria of
SECY-8U-016. However, since the requirements do not require a unique dosign,
the staff will evaluate an individual application for FDA/DC to ensure tha
RHR will not be lost when RCS level is lowered,

Intersystem LOCA

Revision 0 of the Evolutionary Requirements Document required that BWR: and
PWRs be designed to ensure that the ultimate rupture strength (URS) of the
low-pressure systems will not be exceeded even if the low-pressure system is
exposed {o ful{ operating RCS pressure. In the DSER for Chapter 5, the staff
concluded that EPRI's proposed resolution was acceptable, concluded that those
systems that have not been designed to withstand full RCS pressure should have
(1) the capability for leak testing the pressure isolation valves, (2) valve
position indication that is available in the control room when isolation valve
operators are deenergized, and (3) high-pressure alarms to warn car'' 5 room
operators when rising RCS pressure approaches the design pressur- or attached
low-pressure systems and both isolation valves are not closed. . addition,
the staff was concerned that such a RCS could he practically uesigned and
identified this as an open issue. Revision 3 of the Evolutionary Requirements
Document included revisions of Section 2.2.14 of Chapter 3 that meet the
staff's position in SECY-90-016 regarding intersystem LOCA protection. The
staff concludes that these requirements are acceptable. Therefore, this DSER
open issue 1s closed. The specific criteria that the staff will use to
evaluate this issue dur!n? its review of an individual application for FDA/DC
are described below. Additionally, it will be necessary for the designer to
demonstrate that any reactor coolant interface system whose URS is not at
least equal to full RCS pressure could not be practically designed to such a
criterion.

The staff position regarding intersystem LOCA protection is that future ALWR
designs should reduce the possibility of a LOCA outside the cortainment by
designirn to the extent practicable all systems and subsystems conrected to
the RCS © a URS at least equal to full RCS pressure.

The "extent practicable" phrase indicates a realization that all systems must
eventually intarface with atmospheric pressure and that for s=rtain large
tanks and heat exchangers it would be difficult or prohibitively expensive te
design such system. to the URS equal to full RCS pressure.

The degree of isolation or number of barriers (e.g., '~ “ee isolaticn valves)
is not sufficient justification for using low-pressu, ° ponents that can be
practicaily designed to the URS criteria. For example, ?.p1ng runs should
always be designed to meet the URS ~riteria, as should all associated flanges,
connectors, and packings (including valve stem seals, pump seals, heat
exchanger tubes, valve bonnets and RCS drain and vent lines;. The desi?ner
should make every effort to reduce th2 level of pressure challenge to all
systems and subsystems connected to the RCS.

For al} interfacing systems and components that do not meet all RCS URS
criteria, justification is required as to why it is not practicable to reduce

the pressure :hal]en?e any further. This just.fication must be based on
engineering feasibility analysis and not solely on risk benefit tradeoffs.
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For those interfaces where the impracticability of £ %1 RCS pressure capabili-
Lty has been acceptably justified, comnensating 1solation capability must be
demonstrated. For example, 1t should be demonstrated for each interface that
the degree and quality of isolation or reduced severity of the potential
pressure challenges compensate for and justify the safety of the low-pressure
interracing system or component. Adequacy of pressure relief and piping of
relief back to the primary containment are possible considerations. As stated
in SECY-90-016, 2ach of these high-pressure to low-pressure interfaces must
also include the following grotoction measures: (1) the capability for leak
testing of the pressure isolation valves, (2) valve position indication chat
15 avallable in the contrel room when isolation valve operators are
deenergized, and (3) high-pressure alarms to warn control room operators when
rising RCS pre:sure approaches the design pressure of the attached low-
pressure systems and both isolation valves are not closed.

The staff will evaluate compliance with these criteria during its review cf an
individual application for FDA/DC. This issue is also addressed in the
regulatory departure analysis in Appendix B to Chapter 1 of this report.

Low-Temperature Overpressure Protection

In its letter cdated March 28, 1988, regurding low-temperature overpressure
protection (LTOP). tPR] rtated that RM s{stom requirements in Chapter § of
the Evolutionary Requirements Document will be modified to reflect require-
ments for LTOP and to require that the minimum end-of-11fe pressure relief
setpoints for LTOP be considered in sizing RHR relief capacity. In its DSER
for Chapter 5, the staff stated that these requirements satisfactorily
addressed the its concern. In Section §.2.3.3.2 of Revision 1 to the Evolu-
tionary Requirements Document, EPRI added these requirements. Therefore, this
DSER confivmatory issue is closed.

Shutdown Risk

The staff's concern about the safety of operations during low power or plant
shutdown have been increasing. The Diablo Canyon event of April 10, 1987,
highlightod a particularly sensitive condition regarding the operation of a
PWR with a reduced inventory in the reactor coolant system., The staff issued
Generic Letter (GL) 88-17 on October 17, 1988, based on the NRC's review of
the event. The letter requested that 1icensees address numerous generic
deficiencies to enhance operational safety during operation at reduced reactor
coolant inventory. This included deficiencies in procedures, hardware, and
training in the areas of (1) prevention of accident initiation, (2) early
mitigation of accidents, and (3) control of radioactive material if 2 core-
damage accident should occur. In Appendix B to Chapter 1 of the Evolutionary
Requirements Document, EPRI has committed to conform to GL 88-17.

More recently, the staff investigated the loss of ac power at the Vogtle plant
on March 20, 1990. The incident investigation team (11T) report (NUREG-1410,
"Loss of Vital AC Power and *he Residua) Heat Remova) System During Hid*Loog
Operations at Vogtle Unit 1 on March 20, 1990") emphasized the need for ris
mana?ement of shutdown operations. These events have led the staff to
conclude the following:
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. Nonroutine activities and the availability of less equipment during
shutdown increase the probability of complex events that challenge
operators in unfamiliar ways.

. Lack of rigorous consideration of accident sequences during shutdown
operations has resulted in potentially incomplete or inadequate Instru-
mentation, emergency response procedures, and mitigative equipment.

The staff has developed a plan for evaluating safety risks during shutdown and
low-power operation. The objective of this plan is to develop a thorough
understanding of the manner in which activities and operations during shutdown
are planned and implemented, and the root causes of past events. The staff
plans to assess current regulatory requirements and, where necessary, will
develop an( implement appropriate regulatory actions to address the issues,
including nes guidance and new requirements for licensees and applicants,

Although the staff's preliminary insights indicated that most significant
events to date have occurred at PWRs, the potential vulnerability of BWR
plants to shutdown and low-power events cannot be ignored. Because of the
safety significance of events during shutdown and low-power conditions, the
staff has determined that proper consideration of such events will be required
before FDA 1s fssued for evolutionary ALWR designs, To demonstrate adequate
treatment of shutdown risk for ALWRs, the staff will require

. adequate vendor ar <. nt of <hutdown and low-power risk, identifying
design-specific vi "arsi “ 1§ .*1 weaknesses

. documentation show, ~ ¢ . .4ii 4 anc incorporation of design features
that minimize shutdow. « .  ow-power risk vulnerabilities

In letters dated December 2 ant 16, 1991, EPRI responded to a set of staff
questions related to shutdown :ad Tow-power operations; EPRI indicated that
many of the concerns identified in NUREG-1410 are the plant owner's responsi-
bility because these concerns are related to operation, maintenance, and
refueling plans; procedures; and risk management; and that a review of NUREG-
1410 15 expected to be included in the review of plant experiences required of
each ALWR plant designer. The staff concludes that EPRI could provide clearer
guidance to address these concerns, but also concludes that EPRI's response to
this issue is adequate at this time. MHowever K <n1s issue 1s being reviewed by
the staff, as discussed in NUREG-1449, “Shutdown and Low-Power Operation at
Commercial Nuclear Power Plants in the United States" (draft report for
comment), February 1992. After reviewing NUREG-1449, EPRI should consider
1ncludtn? some of its guidance in the Evolutionary Requirements Document. The
staff will evaluate this matter during its review of an individual application
for FDA/DC to ensure that the design satisfies the requirements subsequently
developed from the staff's evaluation of shutdown risk,

5.3 Emergency Feedwater System

Section 5.3.1.2 of Chapter 5 of the Evolutionary Requirements Document
describes the ALWR emer?ency feedwater system (EFWS) as a dedicated safety-
related system that will have no normal operational functions. The EFWS will
provide feedwater to the steam generators following such transients or
accidents as reactor trip, loss of main feedwater, steam or feedwater line
breaks, or steam generator tube ruptures, and anytime the mair and startup
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feedwater systems are not available. The ALWR EFWS will consist of two
independent, identical subsystems. tach subsystem will comprise one motor-
driven and one turbine-driven feedwater pump, an emergency feedwater storage
tank (EFWST), and associated piping, valves, and instrumentation and controls.
fach subsystem will be powered by one of two separate Safety Class 1f electri-
cal power sources., The ALWR EFWS will be designed so that any two pumps for
four steam generator plants, and an{ one pump for two steam generator plants,
will be capable of satisfying the flow requirements for design-basis condi-
tions plus any additional flow required for minimum flow protection for the
pump. Any single pump must be capable of satisfying the minimum fiow require-
ment for best-estimate decay heat removal e aluations. Each of the safety-
related EFWSTs will contain enough condensate-quality water to achieve safe
cold shutdown, based on

. a main feedline break without isolation of EFW flow to the affected steam
generator for 30 minutes

. refill of the intact steam generators
. 8 hours of operation at hot standby conditions

. subsequent cooldown of the reactor coolant system within 6 hours to
conditions that permit operation of the RHR system

. continuous operation of one reactor coolant pump

Section 5.3.3.1.4 of Chapter 5 states that a cross-connect 1ine must be
provided between the two EFWSTs to allow the supply of feedwater to all EFW
pumps. In addition, a backup supply of condensate-quality feedwater will be
provided to the EFWSTs and the transfer of water to the EFWSTs will be
possible under station blackout conditions. However, this backup supply need
not be safety related. The Evolutionary Requirements Document also specifies
interfacing requirements for the alternative water supply to the EFWS,

Section 5.3.3.1.8 of Chapter 5 states that the EFWS must be equipped with four
cavitating venturi flow meters (two for two steam generator plants), one on
cach discharge 1ine to the steam ?enerltor. In the event of steamline or
feedwater line rupture, these cavitating venturi flow meters will choke the
EFWS flow to the steam generators to prevent pump damage due to runout and to
prevent excessive rates of cooldown of the reactor coolant system. [f the
break is inside the containment, the cavitating venturi flow meters will limit
the effect of EFWS flow rn the mass and energy released to the containment.

In addition, the Evolutionary Requirements Document states that the FFWS must
be provided with a mzans to detect potential EFWS :ump steam binding as a
result of steam and hot water leakage through check valves in the pump
discharge lines. This will consist of temperature monitoring of the portion
of discharge piping upstream of the check valves, with indication and alarm in
the control room. Appropriate vents and drains will be provided for removing
steam in the event steam is detected. The Evolutionary Requirements Document
also states that the EFWS must be provided with means to permit periodic
surveillance testing of EFW pumps and valves and functional testing of the
integrated operation of the system, Flow to the steam generators is to be
prevented during testing to avoid unnecessary thermal transients and inputs of
oxygenated water to the steam generators. Appropriate access will be provided
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to test power-operated valves. Means must be provided to test the pumps at
the design flow with the reactor in operation.

Section 5.3.2.5.1 of Chapter 5 states that emergency feedwater supplied to
steam gencracors will be of the same or better quality as secondary system
makeup water, except trat the requirement on oxygen can be excluded. This is
consistent with the SRP and 1s acceptable.

Section §.3.2.4 of Revision 0 of Chapter 5 of the Evolutionary Requirements
Document referenced Section 4.2.3-4 of Chapter 3, which specified automatic Qr
manual options for initiation of emergency feedwater flow, In the DSER for
Chapter 5, the staff stated that both automatic and manual initiation should
be necessary. In a letter dated August 16, 1988, EPRI committed to modify
Section 4.2.3-4 of Chapter 3. This was identified as a confirmatory issue in
the DSER. In Revision 1 of the Evolutionary Requirements Document, EPRI made
the revision to Chapter 3 to specify automatic gnd manual initiation of EFW
flow. The staff concludes that the revised statements meet 10 CFR
50.34(f)(2)(xi1) and are acceptable. Therefore, this DSER confirmatory issue
is closed.

The staff concludes that the EFWS design requirements are consistent with the
criteria in SRP Section 10.4.9, “"Auxiliary Feedwater Systems, " and are,
therefore, acceptable,

5.4 Safety Injection System

Section 5.4 of Chapter 5 of the Evolutionary Requirements Document describes a
safety injection system (SI15) that will consist of two high-pressure divi-
sions, each having two trains (total of four motor-driven 50-percent pumps).
Low-head pumps and series (piggyback) pump alignment will not be used in the
ALWR design. The SIS pumps should be located outside the containment, should
take suction from a common in-containment refueling water storage tank
(IRWST), and should inject directly into the vessel by way of independent
piping connections to the reactor vessel. Discharge connections to the hot
legs should also be provided. Each division will have sufficient capacity to
satisfy design-basis-accident (DBA) LOCA requirements in accordance with
regulatory requirements, and small-break LOCA investment protection require-
ments [i.e., no fuel damage for &-inch (12-inch target) broak]. The number of
SIS accumulators is not specified, and will be "minimized." Injection
precsuie will be selected by the designer and will be high enough to permit
feed-and-bleed cooling. The IRWST will eliminate the need to switch 51§
suction tc a containment sump for continued supply of injection water. This
feature will greatly reduce complexity and increase system reliability. The
IRWST will also serve as an RCS relief discharge tank. The staff concludes
these features are acceptable.

In Revision 3 of Chapter 5, EPRI requires that the safety depressurization and
vent system be capable of reducing reactor coolant system pressure to 250 psig
or less before reactor vessel melt-through, as a means to preclude containment
challenges through direct containmeat heating (DCH). The staff concludes that
this is an acceptable design objective. However, the designer should justify
that the automatic depressurization system will depressurize low enough to
preclude DCH. The designer should also demonstrate that the depressurization
system is adequate to provide suffizient capacity to handle primary feed-and-
bleed operations during a total loss-of-feedwater event and to prevent creep
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rupture of steam generator tubes from a postulated high- pressure core-dam.>e
event. The staff will evaluate this matter during its review of an individua.
application for FDA/DC to ensure the designer demonstrates that SIS injection
pressure is sufficient to permit feed-and-bleed operation. This DSER open
issue 1s closed.

5.5 Safety Depressurization and Vent System

Section 5.5 of Chapter 5 of the Evolutionary Requirements Document states that
a safety depressurization and vent system will be provided for the ALWR that
will consist of a single passive pi 1ng system containing two active, safety-
grade valve trains. Four valves will be installed in two parallel flow
branches, in piping from the pressurizer to the IRWST, to provide sin?1e-
active-failure vent and depressurization capability for natural circulation
cooldown, steam generator tube rupture, and feed-and-bleed conditions. One
valve assembly flow path strain) is adequate for feed-and-bleed cooling in the
event of a total loss of feedwater if feed and bleed 1s established immediate-
ly. Both paths are required if feed and bleed is delayed for 1 hour after
safety valve 1ift. See Section 6.6.5 of this chapter for a discussion of the
open 1tem concerning the SDVS.
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6 MITIGATION REQUIREMENTS
6.1 Introduction

section & of Chapter § of the Evolutionary Requirc.ents Document specifies
mitigation requirements applicable to both BWRs and PWRs. Mitigation will
rely on two functions: (1) the containment integrity function and (2) the
fission product control function. The containment 1s intended to serve as a
barrier to the uncontrolled release of radfoactivity in the event of an
accident,

6.2 Containment Isolation System Design

The function of the containment fsolation system is to permit the normal and
emergency passage of fluids through the containment boundary while preserving
the capability of the boundary to prevent or limit the escape of fission
products chat may result from postulated accidents. The containment isolation
system includes the portions of all fluid systems penetrating the containment
that perform the isolation function. EPRI states that isolation provisions in
lines penetrating the containvent boundary will be in accordance with American
National Standards Institute/American Nuclear Society (ANS1/ANS) 56.2-1984,
“Containment Isolation Provisions for Fluid Systems After a LOCA," and
Regulatory Guide (RGA 1.141, "Containment Isolation Provisions for Fluid
Systems." However, ANSI/ANS 56.2-1984 has not been approved by the staff for
the design of containment isolation systems. The staff has reviewed the ALWR
requirements for containment isolation systems against the guidelines of SRP
Section 6.2.4, "Containment Isolation System," and ANSI/ANS 66.2-1976, which
has been approved by the staff,

General Design Criteria (GDC) 55 and 56 of Appendix A to 10 CFR Part 50
require that each line that penetrates the containment and is part of the
reactor coolant pressure boundary or is connected directly to the containment
atmosphere have one isolation valve inside and one 1so0lation valve outside the
containment, unless it can be demonstrated that the design is acceptable on
some "other defined basis." Each valve must be automatic or locked closed. In
satisfying GDC 55 and 56, Section 3.6 and Appendices A and B of ANSI/ANS 56.2-
1976 provide guidelines that the staff has found acceptable.

In Section 6.2.2.1.2 of Revision 0 of the Evolutionary Requirements Document ,
EPRI stated that remote manual valves, instead of automatic valves, may be
used for Tines that are not part of engineered safety systems, but are
classified as essential on another basis, such as being required to maintain
the integrity of in-containment components, for example, cooling water lines
to reactor coolant pumns. In its DSER for Chapter 5, the staff stated that
this position for containment isolation was inconsistent with the guidance in
Section 3.6.3, "Remote Manual Valves," of ANSI/ANS 56.2-1976 and that EPRI
should provide acceptable justification for this proposed alternative.

In Revision 1 of Chapter 5, EPRI revised Section 6.2.2.1.2 to state, in part,
that justification will be provided for each use of a remote manual valve
instead of an automatic valve. The justification will include an evaluation
identifying the indications and timing under which isolation must be initiated
for inclusion in off-normal operating procedures.
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In 1tem 11.6.4.2 of NUREG-0737 ("Clarification of TM] Action Plan Require-
ments") and NUREG-0718 ("Licensing Requirements for Pending Applications for
Construction Permits and Nanufacturin? License"), the staff states that

]

systems penetrating the containment will be classified as either essential or
nonessential. RG 1,141 provides guidance on the classification of system
lines., Generally, essential systems are lines in ESFs or ESF-related sysiems
needed for safe shutdown of the plant. These essential lines may include
remote manual valves, but provisions should be made to detect possible leakage
from these lines outside the containment. EPRI has stated that the use of
remote manual valves for such service must be justified case by case. The
staff will review an individual application for FDA/DC against SRP Saction
6.2.4. It concludes that EPRI's position is acceptable, and this DSER open
fssue is closed,

In Section 6.2.2.1.2 of Revision 0 to Chapter § of the Evolutionary Require-
ments Document, EPR] also stated that if a single isolation valve is employed
for an ESF 1ine (e.g., lines connected to the suppression pool in a BWR anc
lines connected to the in-containment refueling water storage tank (IRWST) 1in
a PWR), the valve need not be enclosed in a leak-tight enclosure if the 1ine
inside the containment is submerged under water at all times following a LOCA.
Note 56.1 in Appendix A of ANSI/ANS 56.2-1976 <tates that each line connecting
directly to the suppression pool should be provided with a single remote
manual or automatic isolation valve. These valves are attached to lines that
are an extension of the containment and are enclosed in a pump room adjacent
to the containment which has provisions for environmental control of any fluid
leakage. The lines from the suppression pool would always be submerged, so no
containment atmosphere can 1mpin?e on the valves, Should a leak develop
outside the containment, the fluid would be contained in the controlled-
leakage pump room. The configuration of the connection of the lines to the
suppression poo)l ensures that the connections are always submerged and
prevents the escape of containment atmosphere. In addition, the systems to
which the 1ines from the suppression pool connect to outside the containment
must be closed systems (outside the containment) to meet the appropriate
requirements of closed systems described in ANSI/ANS 56.2-1976. In the DSER
for Chapter 5, the staff stated that EPRI did not indicate that al' of these
criteria will be met for the IRWST connections.

In Revision 1 of Chapter 5, EPRI revised Section 6.2.2.1.2 Lo state that the
criteria for using a single valve for isolating the lines connecting to the
IBWST will be the same as those for the suppression pool of a BWR provided in
Note 56.1 of Appendix A to ANSI/ANS 56.2-1984. In the rationale, EPRI states
that 1ines connected to the suppression pool in BWRs have typically not been
required to have the isolation valve and a line connected to the containment
enclosed in a leak'tight housing because the line would remain filled with
water follouin? a LOCA, minimizing the leakage of contairment gas. PWR
recirculation lines connected to the IRWST will also remain filled with water
following a LOCA, minimizing the leakage of containment air. The staff
concludes that EPRI has addressed the containment isolation provisions for the
lines connected to the IRWST and that EPRI's position is acceptable. There-
fore, this DSER open issue is closed,

In its letter dated August 16, 198%, EPRI described i1ts position re?arding
seismic design for closed systems and Type C testing of valves in closed
systems performed in accordance with Appendix J to 10 CFR Part 50. (PRI
stated that seismic design will be used where practical to qualify closed
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systems outside the containment as “extensions of containment” 1in order to
eliminate the need for Type C Lesting of the valves. In the DSER for Chap-
ter §, the staff stated that a closed system outside the containment that
meets the criteria of Section 3.6 of ANSI/ANS 56.2-1976 can be considered a
second containment isolation barrier, thereby eliminating the need for a
second containment isolation valve at each penetration. However, each barrier
(V.e., the single isolation vilve at each penetration, and the closed piping
system outside the containment) is subject to leak rate testing.

In Section 6.2.2.2 of Revision 1 of Chapter 5, EPRI revised the conditions
under which Type C testing may be avoided, including compliance to

Section 6.3.2.2 for water-sealed 1ines. Section 6.2.2.2 states that Type C
testing may be avoided for valves in the water-sealed 1ines that terminate in
closed systems outside the containment, if the systems are designed to qualify
as extensions of the containment in accordance with Section 3.6 of ANSI/ANS
56.2.

The staff's position is that a closed system outside the containment does not
meet the requirements of GDC §7. However, SRP Section 6.2.6, “Containment
Leakage Testing," allows a closed system outside the containment to have a
single isolation valve outside the containment provided the piping outside the
containment is designed as seismic Category 1 and Safety Class 11. The valve
should be Type C tested and the pipin? outside the containment should be
Teakage rate tested, unless the pipe 1s pressurized at a1l times and mests
certain regulations. For water-sealea valves, Type C testing with water is
acceptable and the test results need not be added to the Type C test total.
Therefore, EPRI's position on eliminating Type C testin? for the water-sealed
line: outside the containment is unacceptable. The staff will review individ-
ual applications for FDA/DC to the criteria in SRP Section 6.2.6. This DSER
open issue 1s closed,

In Section 6.2.2.2 of Chapter §, EPRI states that Type C testing is not
required for PWR main steam, feedwater, omor?ency feedwater, or steam genera-
tor blowdown isolation valves. These isolation valves are associated with
secondary systems. The closed system inside the containment precludes
containment atmosphere from reaching the associated isolation valves: there-
fore, the valves will not be relied on to 1imit containment leakage. The
staff finds this criterion acceotable.

In Section 6.2.2.3.1 of Chapter 5, EPRI ttates that isolation valve closure
times will be in accordance with ANSI/ANS 56.2-19R4 for standard commercial
valve operators. Since this requiremen’ is essentially the same as that of
ANST/ANS 56.2-1976, which has beer approved by the staff, it ‘s acceptable.

6.3 Containment Leakage Rate Testing

Section 6.2.2.2 of Chapter 5 of the Evolutionary Requirements Document states
that isolation provisions should be designed to minimize the number of
isolation valves that are subject to Type C tests (in accordance with Appen-
dix J to 10 CFR Part 50), and the number of penetrations requiring isolation
valves should be minimized by system des . 1. Included are those penetrations
that have resilient seals and expansion bellows (e.g., personnel air locks,
equipment hatch, fuel transfer tube, and electrical penetrations). Section
6.3.2.1 of Chapter 5§ requires that containment leak rate testing be performed

EPRI Evolutionary Plant SER $.6-3



in accordance with regu;atory requirements and the test methods be in accor-

dance with ANS]/ANS-5 *Containment System Lonkage Testing Requirements,”
in 1ieu of ANSI N45.4-1972, "Leakage Rate Testing ~f Containment Structures
for Nuclear Reactors.® In Section 6.3.2.2, EPRI .~ a4t that Appendix J
requirements will take precedence in the event of «  conflict between
Appendix J and ANSI/ANS 56.8, except for the exceptions discussed below.

6.3.1 Containment Integrated Leak Rate Test
Paragraph 111.A.3 of Appendix J to JO CFR Part 50 requires that

A1l Type A tests shall be conducted in accordance with the provi-
sions of the American fational Standard N45.4-1972, "Leakage Rate
Testing of Containment Structures for Nuclear Reactors," March 16,
1972. In addition to the Total Time and Point-to-Point methods
described in that standard, the Mass Point Method, when used with a
test duration of at least 24 hours, is an acceptable methoa to use
to calculate leakage rates. A typical description of the Mass Point
Method can be found in the American National Standard ANSI/ANS 56.8-
198;. “Containment System Leakage Testing Requirements,” January 20,
1987,

Therefore, using the Mass Point Method for ALWR designs is acceptuble.
However, the staff’'s acceptance of ANSI/ANS 56.8-1987 extends only to its
description of the Mass Point Method, not to the standard in its entirety.

The staff has proposed a goneral revision of Appendix J (see “J-FRN (Post-
ACRS)," dated September 26, 1991, and released to the Public Document Room on
January 10, 1992) and has proposed to issue a related new regulatory guide
(MS 021-5, dated April 3, 1991, and released to the Public Docunent Room on
April 9, 1991). The proposed regulatory guide endorses ANSI/ANS 56.8-1987,
with several significant exceptions, The staff will review individual FDA/DC
applications to the criteria in the ), oposed regulatory guide.

In Section 6.3.2.2 of Chapter 5, EPRI states that integrated leak rate tests
(ILRTs) can proceed to completion should a leak occur during testing, provided
the leak can be isolated, subsequent repairs are performed, and local "as
found"” minus “as left" leakage rate test results when added to the Type A
result demonstrate that the ILRT acceptance criteria are met. The proposed
revision to Appendix J states that isolation, repair, or adjustment of a
leakage barr er that may affect the leakage rate through that barrier is
permitted beiore or during the Type A test provided

. all potential leakage paths of the isolated, repaired, or adjusted
leakage barrier are locally leak testable.

. the local leakage rates are measured before and after the repair or
adjustment or any other action taken that will affect the leakagu rates,
and are reported.

. all changes in leakage rates resulting from isolation, repair, or adjust-

ment of leakage barriers subject to Type B or Type C testing are deter-
mined using the minimum pathway leakage rate method. When performed
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6.3.3 Type C Containment Local Leak Rate Tests

In Section 6.3.2.2 of Revision 1 to Chapter § of the Evolutionary Requirements
Document, EPRI s¢tated that those valves that are in lines designed to bo
filled with a 11quid for at least 30 days subsequent to an accident may be
leakage rate tested with a 1iguid. Liquid leakage is not converted to
equivalent air leakage nor is it added to the Type C testing total, but is
reported as 1iquid leakage. In its DSER for Chapter §, the staff stated that
this was acceptable, provided

. such valves have been demonstrated to have fluid leakage rates that do
not exceed their design leakage rates

. the installed fluid inventory in the isolation valve's seal-water system
is sufficient to ensure the sealing function for at least 30 days at a
pressure of 1.10 P, (calculated peak pressure)

EPRI revised Section 6.3.2.2 of Revision 1 to Chapter 5 to conform with the
staff's guidelines. Therefore, the staff concludes that leakage rate testing
for the water-sealed valves as proposed by EPRI is acceptable and that this
DSER open issue is closed. However, in the DSER for Chapter 5, the staff
recommended that EPRI change the word "1iquid" to "water" in Section 6.3.2.2
for ¢larification. Additionally, it should be noted that "design leakage
rate" means that leakage rate, to be stated in individual plant technical
specifications, which will ensure that the seal-water inventory will not be
exhausted for at least 30 days. Also, a single active failure must be
considered when assessing the sealing function. Pending incorporation of this
change, the staff will evaluate this matter during its review of an individual
applicatio? fo; FDA/DC or combined 1icense. Therefore, this DSER confirmatory
issue is closed.

Appendix J to 10 CFR Part 50 requires that Type C tests be performed during
each reactor shutdown for refueling, but in no case at intervals greater than
2 years. The Evolutionary Requirements Document requires that the maximum
interval between Type ( tests be 30 months rather than the 24 months currently
required by Appendix J. This is based on the expectation that there would not
be any significant increase in the ;vera?e leakage rate from all valves
subjected to Type C testing if the test interval were increased to 30 months.
In Section C.1 of Appendix C of Revision 0 to Chapter 5, EPRI provided the
rationale for this proposal, which is considered an optimization issue in
terms of risk, occupational exposure, and cost. (Appendix C has been deleted
from Chapter 5 and those requirements relocated to Section 2 of Agpondix B to
Chapter 1.) Additionally, the staff noted that the Evolutionary Requirements
Document proposes administrative controls and no continuous or periodic short-
duration checks of containment integrity. In its DSER for Chapter 5, the
staff stated that supporting data (e.g., long-term deterioration of seals and
valve seats) from operatin? experience or experiments with appropriate
analyses had not been provided ‘o justify this deviation from the Appendix J
requirement. The staff was unable to conclude that the proposed change to the
Type C test interval was acceptable,

However, this issue is consistent with the staff’s current position as
delineated in the proposed revision to Appendix J, which will change the
Type C test interval from 24 months to 30 months. The proposed rule is
awaiting the approval of the Commission. The staff concludes that the
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Justification for the proposed rule change can be submitted in support of an
application for design certification, The staff will evaluate this matter
during its review of an individual appiication for FDA/DC. This DSER open
issue is closed. This issue is also discussed in the regulatory departure
analysis of Appendix B to Chapter 1 of this report.

6.4 Fission Product Leakage Control

The Evolutionary Requirements Document states that a function of the fission
product leakage control systems (FPLCSs) and structures is to limit the
potential reiease of radioactive maverials that would result from postulated
accidents so that the resulting offsite doses are less than the guideline
values of 10 CFR Part 100 and 2ho control room personnel exposure limits are
less than the limits of GOC 19. The detailed design of the system and the
evaluation of the radiological consequences from postulated accidents are
outside the scope of thoogvolutionary Requirements Document because several of
the key values used in the analytical model are site dependent (e.g., contain-
ment design, containment isolation system, building and equipment arrangement,
and meteorological factors). However, the Evolutionary Requirements Document
does specify some system interface requirements. For example, Section 6.4.2.1
of Chapter 5 states that the FPLCS function will include collecting and
processing of the fission products released through the identified and
unidentified leakage paths during design-basis events. In addition, the
Evolutionary Requirements Document states that the FPLCS boundary and/or those
internal components that house high-energy lines, or through which they pass,
should be designed to accommodate the failure of such lines. Leak-before-
break technology will be used in the analyses. The staff's cv.luation of
EPR1's leak-before-break approach is given in Section 4.5.5 of Chapter 1 of
this report.

The Evolutionary Reguirements Document originally stated that the analysis of
the pessure and temperature response of the FPLCS boundary to a LOCA and the
radiological consequences from postulated accidents, including fuel-handling
accidents, should be based on realistic assumptions. In i1ts DSER for Chap-
ter 5, the staff stated that the Evolutionary Recuirements Document had not
provided the detailed justifications for the use of best-estimate instead of
the conservative analyses provided by the guidelines of SRP Section 6.5.3,
“Fission Product Control Systems and Structures.“ EPRI has revised Section
6.4.2.3 of Revision 1 of Chapter 5 to state that the analysis will be based on
regulatory methods rather than realistic methods. Therefore, the Evolutionary
Requirements Document provides appropriate interface requirements consistent
with SRP Section 6.5.3. This DSER open issue is closed.

6.5 C(ombustible Gas Control

The staff evaluated the combustible gas control features proposed in the
Evolutionary Requirements Document. These items are also addressed in the
regulatory departure analysis of Appendix B to Chapter 1 of this report.

6.5.1 Metal-Water Reaction and Hydrogen Concentration

In Revision 0 to the tvolutionary Requirements Document, EPR] specified that
(1) the hydrogen control system must be capable of handling an amount of
hydrogen equivalent to that generated from oxidation of 75 percent of the fuel
cladding surrcunding the active fuel and (2) the hydrogen concentration inside
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EPRI's position to provide criteria for initiation of the igniters on a
design-specific basis 1s acceptable to the staff. With respect to the design
criteria to be used for the igniters and supporting analyses, the staff wi)
review an individual application for FDA/DC against the criteria in 10 CFR
50.34(f) and SECY-90-016 and the timing of igniter actuation when determined
by the plant designer. This DSER open i1ssue 1s closed.

6.5.4 Severe-Accident Equipment Requirements

EPRI states that transmitters and other instrument sensors required for severe
accidents will be located outside the containment or will be able to operate
‘n the severe-accident environment. Further, equipment useful for mitigating
severe accidents will be designed to perform its identified function during
severe accidents., Table B.I-Y in Appendix B to Chapter 1 of the Evolutionary
Requirements Document requires compliance with 10 CFR 50.34(f)(2)(xvii), which
addresses the requirements for placement and operation of containment high-
range area radiation monitors (TMI Action Plan Item I1.F.1).

The staff concludes that the design criteria for this equipment meet the
Commission’s requiations, and are, therefore, acceptiable.

6.6 Jevere-Accident Requirements

On December 13, 1988, the staff sponsored a meeting with representatives of
the nuclear power industry and the general public to discuss the staff's and
industry's approach to resolving severe-~~cident issues for ALWRs. The staff
presented alternative approaches that w... being considered to address various
severe-accident challenges. Since the December 1988 meeting, the staff has
continued to develop its positions on severe-accident criteria. The staff
reviewed EPRI's approach to resolving these issues (as described in Sec-

tion 6.6 of Chapter § of the Evolutionary Requirements Document) for consis-
tency with current staff positions. The staff's evaluation of those features
proposed to address severe-accident concerns follows. These features, and the
staff's evaluation of them, are applicable to both PWRs and BWRs,

6.6.1 Containment Margin

To ensure the inteyrity of the containment structure, in its letter dated
April 24, 1991, the staff asked EPRI to consic - load combinations associated
with LOCA (i.e., LOCA plus hydrogen burn and sa,.-shutdown earthquake (SSE)
plus LOCA). In its letter dated July 2, 1991, EPRI stated that LOCA plus
hydrogen burn and SSE plus LOCA are discussed in Section 6.6.2.2 of Chapter §
and Section 4.6.1.! of Chapter 1, respectively. The staff concludes that
EPRI's response 1s acceptable,

Section 6.6 of Chapter 5 presents design requirements associated with severe
accidents. In its letter dated July 2, 1991, EPRI stated that Section 6.6.2.2
of Chapter § gives stress and wuckling criteria for the containment under a
severe-accident loading condition described in Section 2.4.1.7 of Chapter 5.
This response deviates from the guidelines in SECY-90-016. Currently, there
is no specific deterministic reg.'atory requirement on structures, systems,
and components (SSCs) for severe-accident conditions except that SRP Sec-
tions 3.8.1, "Concrete Containment," and 3.8.2, "Stee) Containment," require
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that a containment ultimate capacity analysis be performed. It is the staff’s
position that for the design requirements associated with severe accidents,
the review will be based on SECY-90-016 guidelines.

As stated above, SRP Sections 3.8.1 and 3.8.2 require that an analysis be
performed to determine the ultimate structural capacity of the containment.
These SRP sections require a report be submitted documenting the analysis,
including the failure mode and the criteria used to establish failure. For
stee] containments, Section 6.6.2.4 of Chapter 5 of the Evolutionary Require-
ments Document defines the ultimate structural capacity as the pressure and
temperat ‘e loading that corresponds to the collapse load defined by the
method d i1led in raragraph 11-1430 of the ASME Code, Section 111, Appen-

dix 11. -+ ‘agraph 11-1430 describes the criterion (or procedure) for deter-
mining collapse load in an experimental stress analysis. It is not clear how
this criterion for determining test collapse load will be used in an analysis.
Plant desii jers intending to use this criterion will be required to show the
method for applying the test collapse load to the final design analysis. The
staff will evaluate this matter during its review of an individual application
for FDA/DC.

Besides providing the steel containment criteria, Section 6.6.2.4 of Chapter 5
also defines the ultimate structural capacity of concrete contzinments. EPRI
defines the ultimate capacity of a concrete containment to be the pressure and
temperature loading that produces liner plate strains equal to the liner
strain 1imits of ASME Code, Section 111, Subarticle CC-3720 for the factored
Joad category. Section 6.6.2.4 requires that the v'timate capacity analysis
consider the penetrations and their interaction with the containment, the
shield building, and other structures internal or external to the containnent,
which might cause localized failure before the l1imit load for the overall
pressure boundary is reached. This criterion for concrete containment is
acceptable. However, the staff will require that plant designers discuss how
the results from testing prototype details or models of prototype details will
be used to augment such analysis as stated in Section 6.6.2.4. The staff will
:v:luate this matter during its review of an individual application for

DA/DC.

In its letter dated April 24, 1991, the staff asked EPRI to provide guida~ce
regarding the allowance for corrosion of carbon steel containment boundaries.
In its reply dated July 2, 1991, EPR] stated that specific requirements
concerning allowance for corrosion of carbon steel containment structures are
given in Sections 4.3.4.1.] and 4.3.4.1.2 of Chapter 6. This issue is ad-
dressed in Section 2.1 of Chapter 6 of this report.

6.6.2 Cavity/Pedestal-Drywell Configuratic:. Debris Coolability

To limit direct containment heating, Section 6.6.3 of Chapter § states that
the cavity/pedestal-dryvall conf.guration should be designed to preclude
entrainment of core debris by gases ejected from a failed reactor vessel, To
promote long-term debris cgolability. EPRI states that the cavity floor should
be sized to provide 0.02 »*/MWt. EPRI specifies that the containment should
be designed to ensure adequate w ter supply to the floor and that an alterna-
tive means of introducing water into the containment, independent of normal
and emergency ac power, should be provided. Passive schemes for flooding the
floor areas beneath the vesse)l are proposed and described in general terms for
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both BWRs and PWRs. Section 4.3.2 6.2 of Chapter 6 also indicates that the
steel shell or liner of the containment should be protected from core debris
by at least 3 feet of concrete.

In 1ts DSER for Chapter §, the staff stated that ALWR reactor vessel depressu-
rization capability and cavity design features to entrap ejected core debris
constitute an acceptable approach to the issue of high-pressure melt ejection.
However, EPRI had not yet provided specific design criteria for these features
in the Evolutionary Requirements Document. In SECY-90-016 and the DSER for
Chapter 5, the staff concluded that vendors could resolve this fssue if their
designs for the evolutionary ALWR include

. sufficient reactor cavity floor space to enhance debris spreading
. a provision for quenching debris in the reactor cavity

In 1ts SRM dated June 26, 1990, the Commission approved the staff's position,

In addition, the staff indicated in SECY-90-016 that it was evaluating the
level of protection afforded by covering the containment 1iner and other
structural members with concrete. The staff concluded that it may be neces-
sary to protect these structural components with concrete.

The Evolutionary Requirements Document gives a number of design features that
are intended to mitigate the effects of a molten corg. Among other features,
EPRL is proposing a floor sizing criterion of 0.02 m*/MWt and provisions to
floud the Tower drywell or reactor cavity. The st’ff neither supports nov
disputes the EPRI floor sizing criterion of 0.02 m“/MWt. Instead, it con-
cludes that it is appropriate to review the specific vendor designs to
determine how the vendors addressed the three items discussed above to
increase the level of protectic. relative to core debris coolability. The
staff concludes that the "core on the floor" accident will not be considered
as a new design-basis accident. However, the staff expects the vendors to
consider the effects of core-concrete interaction on the production of non-
condensible gases, the release of additional fission products from the core-
concrete interaction, and additional heat and hydrogen generation in the new
designs.

The three criteria discussed above are intended to ensure that the ALWR
vendors provide measures to the extent practical to mitigate severe accidents
while avoiding turning severe accidents into traditional design-basis acci-
dents (DBAs). As the staff neither supports nor disputes particular floor
sizing criteria, vendors should ensure that the containment can withstand the
pressure increases caused by core-concrete inter-ctions. For the range of
severe accidents of concern, the vendors should realistically estimate the
amount of core-concrete interaction that will occur, and ensure that the
containment will accommodate the resultant conditions for at least 24 hours.
Where insufficient data exist to develop realistic estimates, the vendor may
propose such alternatives as additional tests or he use of other methodolo-
gies for determining the degree of core-concrete interaction. The ALWR
vendors should also perform parametric studies to determine how sensitive the
containment response is to variations in the amount of core debris that is
availedle to interact with the concrete. The staff concludes that incorpora-
iing the mitigative measures to tne extent practical and ensuring containment
integrity for a 24 hour period will provide defense in depth as well as
appropriate degree of robustness in the containment design.
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In the draft Commission policy paper dated February 27, 1992, the staff
recommended that, in addition to the two items above, the Lommission approve
the staff's position that the evolutionary designs

. protect the containmeat liner and other structural members with concrete,
if necessary

. ensure that the containment can accommodate the pressure increases
resulting from core-concrete interactions involving a range of scenarios
that release . re debris into the containment for 24 hours following the
start of a severe accident

Since the Commission has not yet reviewed this approach to resolving the issue
of core debris coolability, it does not represent an IQQDC{ position.
Therefore, the staff regards this as an open issue that will be closed once
the Commission approves this resolution or provides alternative guidance.

Details of the reactor cavity and dr{uell configurations are in Chapter 6.
See also Sections 5.5 and 6.6.5 of Chapter § of this report for the staff’s
evaluation of the safety depressurization and vent system. This item is also
addressed in the regulatory departure analysis in Appendix B to Chapter 1 of
this report.

6.6.3 Containment Heat Removal

Section 6.6.4 of Chapter 5 ¢ the Evolutionary Requirements Document states
that containment heat shoulo ‘e removed by means of systems provided for
mitigating DBAs. For BWRs, this will be achieved by suppression pool cooling
using the residual heat removal system. For PWRs, this will be achieved by

using the containment spray system (fan coolers will not perform this func-
tion).

By reference to 10 CFR 50.34(f), 10 CFR Part 52 requires future plants to
"provide one or more dedicated containment penetrations, equivalent in size to
a single 3-foot-diameter openirg, in order not to preclude future installation
of systems to prevent containment failure, such as a filtered vented contain-
ment system.” In its DSER for Chapter 5, the staff stated that the Evolution-
ary Requirements Document did not address compliance with this regulation.

The staff anticipated that it may not be necessary to incorporate a 3-foot-
diameter opening to satisfy ihe containment performance guidelines, and stated
that EPRI should justify an exemption to this vequirement. The staff con-
cluded that it would review the acceptability of the containment hect removal
provisions in the Evolutionary Requirements gocumont in conjunction with its
review of the containment performance criteria for a severe accident (see
Section 2.1 of this chapter).

In Section 6.6.2.6 of Revision 3 to Chapter 5, EPRI states that as an alterna-
tive to increasing the containment volume and containment pressure capability
to accommodate the various accident sequences, overpressure protection may be
provided by an overpressure protection cystem. EPRI also states that there
should be a significant deccease in the residual public risk due to the
addition of such a system. EPRI proposes that the need for containment
overpressure protection be determined on a design-specific basis.
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The staff agrees that the need for containment overpressure protection for the
evolutionary plant should be evaluated on a design-specific basis, The staff
will review an individual application for FDA/DC against the criteria in SECY-
90-016. This DSER open issue is closed. This issue 1s also discussed in
Section 2.5.3 of Appendix B to Chapter )| of this report.

6.6.4 Fission Product Control

The Evolutionary Requirements Document states that fission product leakage
control and scrubbing capability for severe accidents will be prov.ded by the
systems that will mitigate DBAs.

In its DSER for Chapter 5, the staff concluded that taking credit for systems
intended primarily for mitigating design-basis events (i.e., cooling water
systems, containment spray systems, and fission product barriers) in demon-
strating that the public safety goal is met and adequate severe-accident
mitigation {s provided was acceptable, provided it is demonstrated that this
equipment can function under severe-accident conditions. The staff's position
with respect to equipment survivability under severe-accident conditions is
discussed in Section 6.6.6 of this chapter.

Section 6.6.4.2 of Chapter § states that fission product control ¢ stems will
be provided for severe accidents. Section 6.6.5.4 states that equipment
identified as useful for severe-accident mitigation will have the capability
to perform their function during a severe accident. The staff agrees that the
equipment should be capable of functioning during a severe accident. However,
further assurance is needed that the equipment will function.

SECY-90-016 states that mitigation features must be designed so there is
reasonable assurance that they will operate when needed during a severe-
accident sequence. Also, there should be high confidence that this equipment
will survive severe-accident conditions for the period that it is needed to
perform its intended function. The plant designer has the responsibility to
specify the severe-accident environment in which the equipment is expected to
function and to document the basis for the determination that the equipment
will function during that severe accident.

The staff concludes that EPRI has justified its position for using certain
plant equipment designed for DBAs. However, the plant designer must demon-
strate that the equipment designed for DBAs and proposed for use in severe
accidents can perform its function in a severe-accident environment. The
staff will review an individual application for FDA/DC against the criteria in
SECY-90-017  This DSER open issue is closed.

6.6.5 RCS Depressurization Capability

The Evolutionary Requirements Document states that a safety-grade reactor
coolant system (RCS) safety depressurization and vent system (SDVS) will be
provided. In Section 5.5 of this chapter, the design requirements for the
SDVS are described.

As stated in Section 6.6.2 of this chapter, the staff concludes that reactor
vessel depressurization capability combined with cavity design features to
entrap ejected core debris constitutes an acceptable agproach to the issue of
high-pressure core-melt ejection. However, in its DSER for Chapter 5, the
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staff stated that the Evolutionary Requirements Documert did not specify a
criterion for the depressurization rate of the SDVS during a severe accident.
The staff concluded that the capacity of the depressurization system should be
defined by DBA requirements as well as by requirements that exceed the design
basis (including primary feed and bleed during a total loss of feedwater and
severe-accident scenarios) and should be taken into consideration during the
development of procedures for managing accidents. Duringda high-pressure

core-melt scenario, the RCS depressurization system should provide a rate of
RCS depressurization to preclude molten-core ejection and to reduce RCS
pressure sufficiently to preclude creep rupture of steam generator tubes.
Primary svitems of evolutionary ALWRs should have the capability to be
depressurized shortly after loss of design-basis decay heat removal to avoid a
rapid release to the containment of large quantities of hydrogen produced in.
vessel that could have the potential for overwhelming the igniters upon vesse
fatlure and to avoid induced steam generator tube rupture in PWRs.

In Section 5.4 of this chapter, the staff states that Revision 3 of Chapter 5
of the Evolutionary Requirements Document requires that the safety depressuri-
zation and vent system be capable of reducing RCS pressure to 250 psig or less
before reactor vessel melt-through, as a means to preclude containment
challenges through direct containment heating. The staff concludes that this
is an accepti“le design objective. Therefore, this DSER open issue i closed.
See Section 5.5 of this chapter for additional information on this matter.

6.6.6 Equipment Survivability

In Section 6.6.5.3 of Revision 0 to Chapter 5 of the Evolutionary Requirements
Document, EPRI stated that equipment important for managing a severe accident
will be "specified to licensing design basis events requirements" but will not
necessarily meet DBA quality standards. EPRI further stated that the
designer/applicant should assess operating margins to provide "reasonable
assurance that the equipment can function during severe accident conditions
for a defined period of time (i.e., hours or days)." Equipment will be
Jocated to avoid areas of potential standing hydrogen flames, In its letter
dated August 16, 1988, EPRI indicated that the IDCOR (Industry Degraded-Core
Rulemaking Program) approach will be used in the assessment. The IDCOR
methodology is described in a letter from A, E. Scherer (EPRI) to F. J.
Miraglia (NRC) dated September 9, 1988 (Advanced Reactor Severe Accident
Program (ARSAP) Topic Paper Set 4).

In its DSER for Chapter 5, the staff stated that it agreed thit features
provided for severe-accident protection only (not required for DBA) should
not be subject to the environmental qualification requirements in 10 CFR
50.49, the quality assurance requirements in 10 CFR Part 50, Appendix B and
the redundancy/diversity requirements in 10 CFR Part 50, Appendix A. However,
mitigation features must be designed to operate in the severe-accident
environment for which they are intended and over the time span for which they
are needed. The staff concluded that the Evolutionary Requirements Document
should specify a criterion that severe-accident mitigation equipment should be
capable of being powered from an alternate power supply as well as from the
normal Class 1E onsite systems. Although the Evolutionary Requirements
Document did not specify this criterion, the criteria specified for electrical
systems in the document appeared to meet it. The staff further stated that a
demonstration of equipment survivability should alse consider the circum-
stances of applicable initiating evenis fe.g., station blackout, earthquakes)
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and the environment (e.g., pressure, temperature, radiution) in which the
equipment i¢ relied on to function. Appencices A and B to RG 1.155, “Station
Blackout," ¢:ve additional guidance on qui’ 'ty assurance ac’.vities and
specifications that are appropriate for ec ~meni used to prevent and mitigate
the conse-quences of severe accidents.

SECY-90-016 describes the staff's position uin quipment survivability during a
severe accident. However, the systems used to itigate the severe accident
must survive in the severe-accident environment and be capable of being
powered by an alternate power supply in addition to the normal Class 1f power
supply. 1In Section 6.6.5.4 of Revision 3 to Chapter 5, EPRI described the
requirements for equipment survivability during a severe accident, and stated
that the equipment is not required to be subject to 10 CFR 50.49 relative to
environmental qualification or the requirements of Appendix A or B to 10 CFR
Part 50. This position is in agreement with SECY-90-016. However, Sec-

tion 6.6.5.4 does not addres: the classification of the alternate power supply
or the normal power supply. The staff concludes that the plant designer must
address the survivability of the power supply and an alternate power supply.
In particular, if a Class 1E power supply is not previded, the designer must
demonstrate that the selected power supply will a 1ieve the necessary reli-
ability goals of the system,

The staff concludes that EPRI's position relative to not subjecting the
severe-accident equipment to the requirements of 10 CFR 50.49 and Appendices A
and B to 10 CFR Part 50 are acceptable. However, the adequacy of the power
supply has been left to the specific design. The staff will review an
individual application for FDA/DC against the criteria in the SRP an
SECY-90-016 in this regard. This OSER open issue is closed.

6.6.7 Containment Mixing P-ovisions

Section 4.3.2.5 of Chapter 6 describes geometrical configurations inside the
containment to reduce the probability of hydrogen flame acce'eration and
deflagration-to-detonation transition. Hydrogen generation and ignition are
discussed in Sections 2 and 6.5 of this chapter. Containment atmosphere
mixing is discussed in Chapter 6 of this report.

6.6.8 Severe-Accident Management

It has long been recognized by both the NRC and industry that while reactor
design is in itself extremely important in providing protection against the
threat of severe accidents, operator intervention could also have a major
impact on reducing accident risk. Given appropriate training and certain
modest equipment features for accident management, including accident monitor-
ing instrumentation, there could be siguificant opportunities for operator
action in both precluding core damage and mitigating accidents that progress
to meltdown and vessal failure. In early 1988, a cooperative effort was
initiated with participation by the NRC, the Nuclear Management and Resources
Council (NUMARC), EPRI, and other industry representatives to develop an
overall approach to accident management. In SECY-88-147, "Int~gration Plan
for Closure of Severe Accidents,” and Generic Letter 88-20, the staff identi-
fied the development of ar accident management plan by each licensee as an
essential ingredient of the "closure" process for severe accidents. However,
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Generic Letter B8-20 did not require that an accident management plan be
developed as an integrated part of the individual plant examination, on the
basis that the staff was currently working with NUMARC to develop further
guidance on this matter,

A comprehensive description of the objectives and planned approach to accident
management was subsequently provided in SECY-89-012, "Staff Plans for Accident
Management Regulatory and Research Program.* Improvements in current utility
capabilities ?n five general areas were also identified in this paper.
Improvements in these areas would be achieved through the development and
implementation by each utility of an "accident management plan.*

In support of this activity, industry has initiated a program on accident
management described in SECY-90-313, "Status of Accident Management Program
and Plans for Implementation.” Industry efforts are being coordinated by
NUMARC and involve the participation of EPRI and the owners group for each
reactor vendor. The industry program involves three major activities that are
currently scheduled to be completed by 1993,

The NRC is continuing to work with industry Loward resolving of accident
management issues, Key activities in the resolution process include comple-
tion and NRC review of the NUMARC process for evaluating accident management
capabilities, and the vendor-specific accident management guidance. Subse-
quently, the NRC will i1ssue a letter to all licensees providing guicance on
developing an accident management plan and requesting each licensee to develop
and implement such a plan. Current plans are to issue this letter in late
1993. The generic letter will address the role of industry products in the
development of the desired utility accident management capabilities and will
provide further guidance as needed.

In 1ts DSER for Chapter 5, the staff stated that the Evolutionary Require-
ments Document made no commitment to use the severe-accident management
information gained from this program, specifically such design nformation as
identification of equipment useful for accident management. In Sec-

tion 2.3.3.8 of Revision 1 of Chapter 1 of the Evolutionary Requirements
Document, EPRI includes additional requirements in this area. This section
requires that a technical basis for a severe accident management program,
including emergency procedure ?uidelines (EPGs), to ensure core-damage
prevention and mitigation, including meeting offsite dose limits, will be
developed by the plant designer. The plant designer will use the plant-
specific PRA and other relevant information to confirm that the plant dasign
is compatibie with the EPGs and severe-accident management program. As
discussed in Section 2.3.3 of Chapter 1 of this report, the staff concludes
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