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1.0 INTRODUCTION AND GENERAL DISCUSSION

Introduction

Fluor Pioneer Inc., (hereinafter referred to as Fluor Pioneer) tendered cn November 17,
1975, with the United States Nuclear Regulatory Commission (the Commission), a
proposed preliminary standard design for the balance-of-plant portion, designated as
BOPSSAR, of a pressurized water reactor nuclear power plant. This submittal was in
the form of an applicaticn for a Preliminary Design Approval by the Commicsion in
response to Option | of the Commission's standardization policy, WASH-1341, "Program-
matic Information for the Licensing of Standardized Nuclear Power Plants.” Option )
allows for the review of a “reference system" that involves an entire facility design
or major fraction of a facility design outside the context of a license application.
The application was docketed on January 27, 1976 under Docket No. STN 50-560.

In August 1974, the Commission issued its standardization program plan, WASH-1341.
Amendment 1 to WASH-1341, discussing "options" and “overlaps,” was issued January 16,
1975. The regulations governing the submittal and review of standard designs under
the "reference system” option are stated in Appendix 0 to Part 50 and Section 2.110
of Part 2 of Title 10 of the Code of Federal Regulations (hereinafter referred to as
10 CFR).

A safety analysis report, "Balance of Plant Standard Safety Analysis Report, BOPSSAR,"
was submitted with the application, and is referred to in this report as BOPSSAR.

The information in BOPSSAR has been supplemented by Amendments 1 through 14, BOPSSAR
and 1ts amendments are available for public inspection at the Commission's Public
Document Room, 1717 H Street, N.W., Washington, D.C.

The preliminary design and analyses of structures, systems, and components that
comprise the balance-of-plant portion of a standard pressurized water reactor nuclear
plant are presented in BOPSSAR. The BOPSSAR design does not include a nuclear steam
supply system, but the application includes by reference the standard pressurized
water reactor nuclear steam supply system described in the report "Reference Safety
Analysis Report, RESAR-41," (hereinafter referred to as RESAR-41), a design by
Westinghouse Electric T. pr=ation. Our evaluation of RESAR-41 (Docket No. STN 50-480)
is presented in our da.ety Evaluation Report for RESAR-4] (NUREG-75/103), tssued in
December 1975. A Preliminary Design Approval for RESAR-41 was issued on December 31,
1975. RESAR-4] is designed for a core thermal power of 3800 megawatts.

1-1



This report presents our evaluation of the BOPSSAR design and 1ts relationship to the
RESAR-41 standard nuclear steam supply system design. We have referenced RESAR-41 in
this report as appropriate to clarify or support our evaluation of BOPSSAR. This
report delineates the technical matters considered in cur evaluyation of the radiologi-
cal safety aspects of the BOPSSAR design. The application is not related to a specific
site for the construction of the BOPSSAR plant and does not include specific site
information. We, therefore, have not performed an environmenta) review of the BOPSSAR
design and have not written an environmental impact statement. We will evaluate the
environmental impact of the BOPSSAR design at a specific site during our review of an
application for a construction permit which references the BOPSSAR design.

Based on our evaluation, we conclude that the proposed BOPSSAR prelimirary design of a
standard balance-of-plant can be combined with the RESAR-41 standard nuclear steam
supply system design, can be incorporated by reference in a construction permit appli-
catfon, and can be constructed without endangering the health and safety of the public.
Our detailed conclusions are presented in Section 19.0 of this report.

The review and evaluation presented in this report is the first stage of our continu-
fng review of the desfgn, construction, and operating features of the BOPSSAR design.
Prior to a decision on issuance of an operating license for any application referenc-
‘ng BOPSSAR, we will review the final BOPSSAR design to determine that all of the
Commission's safety requirements have been met in accordance with Appendix 0 to 10 CFR
Part 50, The specific facility can then be operated only in accordance with the terms
of the operating Ticense for that facility and the Commission's regulations under the
continued surveillance of the Commission's staff.

In the course of our review of the application, we held meetings with representatives
of Flyor Pioneer to discuss the plant design and analysis. During our review, we
requested Fluor Pioneer to provide additional information that we needed for our
evaluation. This additional information was provided in amendments to BOPSSAR. As a
result of our review, a number of changes were made in the facility design. These
changes are described in the amendments to the BOPSSAR application and are discussed
in appropriate sections of this report.

A chronology of the principal actions relating to the processing of the BOPSSAR appli-
cation is included as Appendix A to this report; a bibliography is included as
Appendix B; our discussion of the generic items delineated by the Advisory Committee
on Reactor Safeguards s included as Appendix C; and the report of the Advisory
Committee on Reactor Safeguards is included as Appendix D.

The BOPSSAR design does not include all portions of a nuclear power plant facility.
It includes by reference the RESAR-41 standard nuclear steam supply system design.
The BOPSSAR design is, therefore, based on safety-related interface requirements that
are established in RESAR-41. The BOPSSAR design does not include portions of the

1-2



1.2

facility that must be matched to the characteristics of a specific site or to a
specific utility applicant. Fluor Pioneer has, therefore, establisied interface
requirements for those systems or programs that are not within the scope of BOPSSAR
and which myst be addressed by a utility applicant that references the BOPSSAR design
in its application for a construction permit. The status of our review of the inter-
face information is described in Section 1.8 of this report.

The proposed design of the balance-of-plant described in BOPSSAR does not include any
of the systems that have been identified as optional in the RESAR-41 application and
that are addressed in Appendix A of our RESAR-4] Safety Evaluation Report. Fluor
Pioneer, however, has taken two exceptions to the interface requirements of RESAR-41,
These exceptions, which are the new and spent fuel storage racks and the power supply
to the residual heat removal pumps, are discussed in Sections 9.1.1 and 8.3.1.2,
respectively, of this report. With these exceptions, the BOPSSAR design is compatible
with the standard nuclear steam supply system described in RESAR-41 that is within

the scope of a standard nuclear steam supply system design as defined in Amendment 1
to WASH-1341,

General Plant Description

The BOPSSAR standard balance-of-plant design discussed in this report complements the
RESAR-41 standard nuclear steam supply system design which is incorporated by reference
in BOPSSAR. With the exception of site-related aspects, such as the ultimate heat

sink and service water pump house, and with the exception of utility-related aspects,
such as the preoperational test program and the utility applicant's selection of
turbine generator, the combination of the BOPSSAR design with the RESAR-41 design
results in a complete nuclear power plant. A listing of the major structures, systems,
components, and services within the scope of BOPSSAR is presented in Table 1-1 of

this report, A more detailed listing is presented in Table 1.7-1 of BOPSSAR which,

in addition, lists the major structures, systems, components, and services within the
scope of RESAR-41 and the utility applicant.

The proposed BOPSSAR design application is for a Preliminary Design Approval for a
plant with a maximum core thermal power level of 3800 megawatts in accordance with
the quicelines of Regulatory Guide 1.49, "Power Levels of Nuclear Power Plants,”
resulting in an electrical output of approximately 1300 megawatts. The analysis of
the engineered safety features within the scope of BOPSSAR has been performed for 3
maximum core thermal power of 4100 megawatts. These power levels are consistent with
the maximum design power level and application power level of 4100 megawatts and 3800
megawatts, respectively, for the RESAR-41 nuclear steam supply system.

The RESAR-41 design for the nuclear steam supply system portion of the plant includes
the reactor coolant system, emergency core cooling system, emergency boration system,
reactor control and protection systems, engineered safety features actuation system,
chemical and volume control system, boron recycle system, residual heat removal
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TABLE 1-)

MAJOR STRUCTURES, SYSTEMS, COMPONENTS,
AND SERVICES WITHIN THE SCOPE OF BOPSSAR

Structures
Reactor Building
Auxiliary Building
Control Building
Diesel Generator Building
Fuel Handling Building
Turbine Building

Auxiliary Feedwater System

Containment Spray System

Containment Hydrogen Control System

Onsite Power Systems

Liquid, Gaseous, and Solid Waste Management Systems
Service Water System

Component Cooling Water System

Spent Fuel Pool Cooling System

Essential Chilled Water System

Reactor Makeup Water System

Ventilation Systems

Instrument Air System

Primary and Steam Generator Blowdown Sampling Systems
Reactor Coolant Pressure Boundary Leakage Detection System
Gross Failed Fuel Detection System

Fire Protection System

Main Steam and Feedwater System

Components
Steam Systems Equipment
Reactor Makeup Water Pumps
Sump Pumps
Reactor Makeup Water Storage Tank
Refueling Water Storage Tank
Recycle Holdup Tank
Boric Acid Tanks
Resin Fill Tank
Piping, Except for Reactor foolant System Shop-Fabricated Sections
and Plant Plumbing
Valves, Including Operators, for Balance-of-Plant Scope Systems
Equipment and Piping Supports, Except for Reactor Coolant System
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Embedded Anchorage for Reactor Coolant System Supports

Miscellaneous Instrumentation and Control Systems Equipment

Plant Electrical Equipment, Except for Certain Nuclear Steam Supply
System Power Supplies and Motors

Fuel Handling Equipment

Remote Filter Handling Equipment

Piping Heat Tracing

Equipment and Piping Insulation

Miscellaneous Plant Utilities

Services

Preservice Inspection for Class 1, 2, and 3 Reactor Coolant
System Components

Nuclear Equipment Supports and Piping Stress and Movement Analysis,
Except for Reactor Coolant System

Containment Pressure and Temperature Analyses for Postulated Reactor
Coolant System Breaks
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system, special handling equipment for fuel and reactor vessel internals, and related
systems and features. The RESAR-4) design requires three independent onsite emergency
power sources each of which can supply the power requirements of one of the engineered
safety features trairs, and requires four battery power sources to supply power to

each of the four channels of the reactor protection system, The interface requirements
of RESAR-41, which must be met by the balance-of-plant design, have been identified

in BOPSSAR. The subject of interfaces is discussed further in Section 1.8 of this
report.

The layout of the major structures of the proposed BOPSSAR plant is shown in Figure
1-1. The containment building will be a spherical steel vessel which will house the
nuclear steam supply system. The vessel will be surrounded by a reinforced concrete
shield building that will provide biological shielding and protection for the contain-
ment vessel and safety-related equipment. The shield building will be separated from
the steel containment vessel by an annular space. The annular space will be divided
into two annulus regions by a floor at about 50 feet above the base mat of the shield
building., The annulus region above the dividing floor is referred to as the passive
annulus region and the region below this floor is referred to as the active annulus
region. The active annulus region will house portions of the engineered safety
features systems and auxiliary systems. Both the active and the passive annulus
regions will be provided with a ventilation system to maintain the annulus regions at
a negative pressure relative to the outside atmospheric pressure following a postulated
loss-of-coolant accident. Unler postulated accident conditions, any contaminated air
which may leak through the steel containment into the annulus areas will be filtered
before release to the environment. The shield building thus will form a secondary
containment.

The steam and power conversion system will be designed to produce electrical power
from the heat produced by the nuclear steam supply system. The high energy main
steam and feedwater piping for the four RESAR-41 steam generators wil® be routed
through two pairs of steam lines from the containment building, through the shield
building and auxiliary building, and to the turbine building.

The service water system will supply cooling for the leat loads which are necessary
for the safe shutdown of the reactor or to mitigate the consequences of postulated
accidents. The service water system will also supply cooling water to various plant
systems during normal operation and during plant shutdown.

The component cooling water system will act as an intermediate fluid barrier between
the radioactive systems and the service water system. The system will provide a
continuous supply of cooling water to remove residual and sensible heat from the
reactor during normal shutdown, and will remove heat loads from engineered safety
features after a postulated accident. It will also remove heat from various other
plant components during normal operation.
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The BOPSSAR design will include three diesel generators located in separate rooms in
the diese]l generator building, with their associated independent safety feature

busses to provide adequate power to each of the three engineered safety feature

trains for a safe shutdown under accident conditions with a concurrent loss of offsite
power. Direct current power to the four channels of the reactor protection system
will be provided by four redundant 125 volt busses and their associated battery

banks,

The proposed design is for a single-unit facility, and our evaluation and conclusions
presented in this report are for a single-unit facility only. We will require a
utility applicant referencing BOPSSAR for a multi-unit facility to provide additional
information in 1ts application for a construction permit regarding the multi-unit
facility, for example, the physical arrangement for the entire facility as elated to
the potential damage from postulated turbine missiles.

Fluor Pioneer has identified in Table 1.7-4 of BOPSSAR those systems, components, and
operational programs that are dependent on the characteristics of a specific site or
on the operation by a utility applicant referencing the BOPSSAR design. The major
items that are not within the scope of BOPSSAR and that must be addressed by a utility
applicant in its application for a construction permit which references BOPSSAR are
listed in Table 1-2 of this report.

Comparison with Similar Facility Designs

In Table 1.3-1 of BOPSSAR, Fluor Pioneer has provided a comparison of the principal
engineering and architectural features of the design of BOPSSAR with those balances
of-plant designs of other facilities which we have previously reviewed. These
principal features are identified and described in the paragraphs below.

The reactor containment for the BOPSSAR design will be similar to that of Duke Fower
Company's Perkins Unit Nos, 1, 2, and 3 and Cherokee Unit Nos. 1, 2, and 3 (Docket
Nos. STN 50-488, 489, 490, 491, 492, and 493),

The containment spray system, containment hydrogen control, and auxiliary feedwater
system will be similar to the designs utilized in the South Texas Project, Unit Nos.
1 and 2 (Docket Nos. STN 50-498 and 499). Also, such systems as the onsite power
sources, fuel handling, service water system, and component cooling water system will
be similar to those designed for the South Texas Project.

To the extent feasible and appropriate, we have made use of our previous evaluations
during our review of those features that are similar to the BOPSSAR design. Where
this has been done, we have identified in this report the specific Commission's
safety evaiuation reports involved. These safety evaluation reports are available
for public inspection at the Commission's Public Document Room at 1717 H Street,
N.h., Washington, D.C.
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(1)

(2)
(3)
(4)
(s)
(6)
(7)

(8)
(9)
(10)
()
(12)

(13)
(14)
(18)
(1€)
(7)
(18)
(19)
(20)

(21)
(22)
(23)
(24)
(28)
(26)

T 1-

MAJOR ITEMS TO SSED BY A UTILITY APPLICANT

Site characteristics (description and verification that parameters are within
envelopes specified in BOPSSAR),

Onsite meteorological measurements program.

Ultimate heat sink.

Inservice fnspiestion program,

Hydrogen recombiner (access to second unit must be provided).
Offsite power system (including grid frequency decay rate analysis).

Diesel generators (utility applicant will select manufacturer) and auxiliary
systems.

Spent fuel shipping cask.

Service water pump house.

Makeup water treatment system,
Demineralized makeup water system,

Fire protection system (source of water, maintenance, training, and adminis-
trative controls).

Heating system.

Miscellaneous gas system.

Atmospheric vents,

Station afr system,

Potable and sanitary water systam,

Plant plumbing,

Secondary sampling system (except for steam generator blowdown portion).

Turbine generator (utility applicant will select manufacturer; BOPSSAR design
can accommodate Allis-Chalmers, General Electric, or Westinghouse units).

Environmental monitoring program.
Health physics program.
Emergency plan.

Industrial security plan.

Inftial test program.

Technica® specifications.
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1.8

Identitication of Agents and Contractors

Fluor Pioneer will design the balance-of-plant described in BOF3SAR and is on its own
behalf the applicant for a Preliminary Design Approval of the design. No other

agents or contractors are associated with this application. While Fluor Pioneer has
incorporated the RESAR-4] standerd nuclear steam supply system by reference into the
BOPSSAR application, Fluor Pioneer does not act in any form as a representative for

the Westinghouse Electric Corporation with regard to the RESAR-41 design or in any

other matter associated with this application. Similarly, the Westinghouse Electric
Corporation does not act as in agent or contractor for Fluor Pioneer in this application.

The prime agents . contractors selected by the utility applicant that references
BOPSSAR in its applicatior for a construction permit will be identified in the utility
applicant's safety analysis report, and the division of responsibility among the

reactor designer, architect-engineer, constructor, and plant operator wiil be delineated.

Requirements for Further Technical Information

Fluor Pioneer states that there are no requirements for further technical information
to support or confirm the adequacy of the BOPSSAR design. However, based on our
review, we determined that certain matters require further technical information to
support the BOPSSAR design and its relationship to the RESAR-4]1 design. These matters
require exchange of information between Westinghouse and Fluor Pioneer to ensure
compatibility of the BOPSSAR design in relationship to the RESAR-41 design and to
ensure proper integration of the information into the proposed design combination of
BOPSSAR and RESAR-41. Since neither of these two parties act as agents or representa-
tives of the other in this application, the development of the necessary information
has been identified by Fluor Pioneer as an interface requirement on the utility
applicant or as a utility applicant's responsibility to be addressed in the utility
applicant's safety analysis report. We have determined that this information can, as
a matter of practicability, be provided by a future utility apnlicant referencing the
BOPSSAR design. Therefore, while we do not require that this information be made
available prior to our decision concerning the issuance of a Preliminary Design
Approval for BOPSSAR, we do require that it be provided by a utility applicant in its
application for a construction permit which references BOPSSAR. These matters are
enumerated (1) through (4) in Table 1-3 of this report along with references to the
sections in this report in which each matter is discussed.

At our request, Fluor Pioneer committed to perform a test program to confirm the coef-
ficient of friction used in the design of the containment against s1iding under earth-
quake loading. We have determined that this information can be provided for our
review during the course of our review of a utility applicant's application for a
construction permit referencing BOPSSAR. This matter, which is Tisted as item 5 in
Table 1-3 of this report, is discussed in Section 3.8.1 of this report.
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(1)

(2)

(3)

(4)

(5)

TABLE 1-3

MATTERS TO BE ADDRESSED BY UTILITY APPLICANT IN ORDER TO
SUPPORT THE BOPSSAR DESIGN

Test program to confirm the coefficient of fristion used in the design of the
containment against sliding under earthquake loading (Section 3.8.1).

Analyses of loadings on structures and nuclear steam supply system componert
supports inside containment resulting from postulated reactor coolant system
pipe breaks (Sections 6.2.1 and £.3),

Reevaluation of the performance of the emergency core cooling system to verify
acceptability with regard to the minimum backpressure in containment (Section
6.3).

Environmental qualification of Class IE electrical equipment inside containment
to the temperature orofile established by the postulated main steam line break
(Section 7.6.1).

Neactor coolant pump operation upon loss of component cooling water (Section
9.2.2}.
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Summary of Principal Review Matters

Our technical review and evaluation of the information submitted by Fluor Pioneer in
support of the BOPSSAR application considered the principal matters summarized below.

We reviewed the postulated values of site parameters, including seismology, hydrology,
and meteorology, to determine that appropriate consideration was given to the develop-
ment of the site parameter envelope which will be used for the siting of a nuclear
power plant based on the BOPS>AR design. In this regard, Fluor Pioneer has based the
design on the guidelines for site parameters that is presented in WASH-1361, "Safety-
Related Site Parameters for Nuclear Power Plants,” dated January 1975.

We reviewed the design criteria and expected performance characteristics of the
facility structures, systems, and components important to safety to determine that
they are in accordance with the Commission's General Design Criteria, Quality As-
surance Criteria, regulatory guides, and other appropriate codes and standards, and
that any departures from these criteria, guides, codes, and standards have been
identified and justified.

We evaluated the response of the structures, systems, and components within the scope
of the BOPSSAR design to certain enticipated operating transients and postulated
accidents. We considered the potential consequences of a few highly unlikely postu-
lated accidents identified as design basis accidents in Section 15.0 of this report.
We performed conservative analyses of these design basis accidents to determine that
the calculated potential offsite doses that might result in the very unlikely event of
their occurrence would be within the Commission's guidelines for site acceptability as
given in 10 CFR Part 100 for the site envelope conditicis identified in BOPSSAR.

We evaluated the plans and measures described in BOPSSAR regarding the industrial
security aspect of the design to determaine that these plans and measures can be
incorporated into the industrial security plan by a future utility applicant referenc-
ing BOPSSAR in its application for a construction permit.

We evaluated the design of the systems provided for control of the radioactive effluents
from the ta.ility to determine that these systems can reasonably be expected to control
the release of radiocactive wastes from the facility within the limits specified in

10 CFR Part 20.

Resolution of Qutstanding Issues

In our Report to the Advisory Committee on Reactor Safeguards on BOPSSAR, we identi-
fied several outstanding issues in our review which must be resolved in an acceptable
manner before a Preliminary Design Approval could be issued for the BOPSSAR design.
These issues, which have been resolved in acceptable manner, and the sections in this
report in which their resolutions are disc - -4 are (1) the design analysis for
containment sliding under earthquake loads (Section 3.8.1), (2) the analyses for
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differential pressure response of containment subcompartments to postulated pipe
ruptures (Section 6.2.1), and (3) the analysis for the radiological consequences of a
postulated fuel handling accident inside containment (Section 15.2.4).

Interfaces

Fluor Pioneer has identified ‘n BOPSSAR two types of safety-related interfaces; those
which consist of requirements placed on the BOPSSAR design by Westinghouse in RESAR-
41, and those which consist of requirements placed on a future utility applicant's
site-related design by Fluor Pioneer in BOPSSAR. These interfaces are identified in
Section 1.7 of BOPSSAR. Table 1.7-1 of BOPSSAR contains a listing of the structures,
systems, components, services, and analyses with the responsibilities delineated
between Westinghouse Electric Corporation, Fluor Pioneer Incorporated, and a future
utility applicant. Also, the utility applicant interface requirements are delineated
in Appendices .2A, 5A, 6A, BA, %A, 10A, and 11A of BOPSSAR.

We reviewed the information provided by Fluor Pioneer in BOPSSAR with respect to
RESAR-41 interiace requirements and determined that these requirements of RESAR-4]
have been adequately defined in che BOPSSAR application, and that the BOPSSAR design
can support in a compatible manner the safety-related systems and components of the
RESAR-41 design, taking into consideration the matters identified in Section 1.5 of
this report. We previously concluded in our Safety Evaluation Report for RESAR-4)
that the 1¢ erface requirements established by Westinghouse Electric Corporation and
by us are sufficient to determine the compatibility of the safetyv-related systems and
components within the scope of RESAR-41 with a balance-of-plant design referencing
RESAR-41.

We also reviewed the interface requirements of the BOPSSAR design as it relates to the
siting and operation of a nuclear power plant facility based on the BOPSSAR design.

We conclude that this information is sufficient to determine the compatibiiity of the
BOPSSAR design with the site and operation related aspects of the facility.

Based on our review and the determinations stated above, we conclude that the inter-
face information provided in BOPSSAR is acceptable for the {issuance of a Preliminary
Design Approval.

As stated in Section 1.4 of this report, Fluor Pioneer is acting on its own behalf in
this application, and that Westinghouse does not act as an agent for Fluor Pioneer
with regard to the design of RESAR-41 which is referenced in this application.

During the course of our review of BOPSSAR, we have not had the opportunity to discuss
and review the integrated design with Fluor Pioneer and Westinghouse in joint con-
ference, nor do we have available documented verification by Westinghouse of its
review and appraval of the manner of integrating its RESAR-41 nuclear steam supply
system into th: BOPSSAR balance-of-plant design. The utiiity applicant referencing
the BOPSSAR design and the RESAR-41 design will, therefore, be responsible for demon-
strating that all portions of the design will be properly integrated. At such time we
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2.1

2.0 SITE CHARACTERISTICS

BOPSSAR does not include the characteristics of a specific site. This information
will be provided by a future utility applicant in its application for a construction
permit which references the BOPSSAR design. However, Fluor Pioneer has established
in BOPSSAR an envelope of meteorological, hydrological, seismological, and soils
foundation site conditions for the BOPSSAR design. These site conditions provide an
indication, in advance of the examination of a specific site, of the type of site for
which the BOPSSAR design is suitable. Fluor Pioneer has discussed in Section 2.0 of
BOPSSAR, and has summarized in Appendix 2A of BOPSSAR, the interface requirements
that a utility applicant must consider in order to demonstrate the compatibility of
the BOPSSAR design with a specific site.

The interface requirements and site conditions are discussed in the following sections
of this report. We will evaluate the characteristics ¢f a specific site selected by
the utility applicant referencing BOPSSAR and described in its application for a
construction permit in order to confirm that the specific site characteristics fall
within the envelope of conditions reviewed and evaluated for the BOPSSAR application.

Geography and Demography

Detailed geographical and demographical characteristics of a specific site will be
provided by a future utility applicant referencing BOPSSAR in its application for a
construction permit. Fluor Pioneer has, however, provided a description of the
geographical and demographical conditions that will be used as the bases for the
BOPSSAR design. These bases are discussed in the following paragraphs.

In general, the BOPSSAR design assumes a site location within the continental United
States with access to a river, lake, or ocean as a cooling water source or as a
source of make-up water tor cooling towers.

For the purpose of demonstrating the acceptability of the BOPSSAR design from the
standpoint of offsite doses from postulated design basis accidents, Fluor Pioneer
assumed a minimum exclusion distance of 650 meters. This value is in agreement with
the minimum exclusion distance given in WASH-1361, "Safety-Related Site Parameters
for Nuclear Power Plants."

For the purpose of demonstrating the acceptability of the BOPSSAR design from the
standpoint of offsite doses, Fluor Pioneer assumed a low population zone distance of
1600 meters. This value is well within that of 4800 meters discussed in Regulatory
Guide 4.7, "General Site Suitability Criteria for Nuclear Power Stations.," The
Timiting values of atmospheric dispersion factors needed to limit ~alculated
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postulated doses within the Commission's criteria (see Section 15.0 of this report)
are well above the dispersion factor values that would be applicable to the assumed
exclusion distance and low population zone distances noted above.

2.2 Nearby Industrial, Transportation, and Military Facilities

This subject is not within the scope of BOPSSAR and will be addressed by a future
utility applicant referencing BOPSSAR in its application for a construction permit.

2.3 Meteorology
2.3.1 Regional Climatology

The regional climatology is not within the scope of BOPSSAR, and will be addressed by
a future utility applicant referencing BOPSSAR ir its application for a construction
permit. Fluor Pioneer has however, provided an adequate description of the meteoro-
logical conditions used as the bases for the safe design and siting of a nuclear power
plant referencing BOPSSAR.

The design basis tornado for the BOPSSAR design is stated by Fluor Pioneer to be in
conformance with the tornado characteristics recommended in Regulatory Guide 1.76,
"Design Basis Tornado for Nuclear Power Plants," for Region I. This tornado has
characteristics of a maximum wind speed of 360 miles per hour consisting of a maximum
rotational wind speed of 290 miles per hour and a maximum transiational wind speed of
70 miles per hour, a maximum pressure drop of three pouands per square inch, and a
maximum pressure drop rate of two pounds per square inch per second. The design basis
tornado characteristics are sufficient for all regions of the contiguous United

States since Region I represents the most severe tornado intensity characteristics
described in Regulatory Guide 1.76.

The operating basis sustained wind speed (fastest mile) for the BOPSSAR design will be
130 miles per hour at a height of 30 feet above ground level. This design basis is
consistent with the value specified in WASH-1361, and equals or exceeds accepted
values at nuclear power plant sites in the United Statas, except exposed coastal
locations on the Gulf of Mexico and Cape Hatteras.

The BOPSSAR design criterion for snow accumulation on the roofs of safety-related
structures is based on 80 pounds per square foot pressure on a horizontal surface.
This value is consistent with the value specified in WASH-1361, and according to
WASH-1361, structures that can support this loading should be suitable any place in
the contiguous United States except in mountainous regions or other areas where
unusually high accumulations of snow may occur.

The BOPSSAR design for ambient air temperatures will be based on a dry bulb tempera-
ture range of minus 30 degrees Fahrenheit to plus 105 degrees Fahrenheit, and a wet

bulb temperature of plus 8] degrees Fahrenheit. Areas in the contiguous United
States in which the minimum dry bulb temperature of minus 30 degrees Fahrenheit is
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2.3.3

2:3.4

2.3.8

expected to occur more frequently than one percent of the time includes nor “hern portions
of the mid-western United States. Areas where the maximum dry bulb temperature of

plus 105 degrees Fahrenheit may be exceeded more frequently than one percent of the

time includes portions of California and the desert southwest. These occurrence
intervals are derived from "Engineering Weather Data," Reference 21 of Appendix B of

this report.

Local Meteorology

This subject is not within the scope of BOPSSAR and will be addressed by a future
utility applicant referencing BOPSSAR in its application for a construction permit.

Onsite Meteorological Measurements Program

This subject is not within the scope of BOPSSAR and will be addressed by a future
utility applicant referencing BOPSSAR in its application for a construction permit.

Short-Term (Accident) Dispersion Estimates

The BOPSSAR design does not include the atmospheric dispersion characteristics for a
specific site. Fluor Pioneer, has, however, evaluated the suitability of the proposed
design for potential sites as related to offsite doses from postulated accidents using
the zero to two-hour atmospheric dispersion factor value of 2.0 x 10°3 seconds per
cubic meter, as recommended in WASH-1361, and the 30-day atmospheric dispersion factor
values recommended by Regulatory Guide 1.4, "Assumptions Used for Evaluating the
Potential Radiological Consequences of a Loss-of-Coolant Accident for Pressurized
Water Reactors." We have independently estimated a two-hour atmospheric dispersion
factor of 1.7 x 10'3 seconds per cubic meter as a limiting value to keep the radio-
logical consequences of a postulated loss-of-coolant accident within the recommended
values of Regulatory Guide 1.4. The utility =pplicant referencing BOPSSAR will
provide n its application for a construction permit at least one annual cycle of
onsite meteorological data to estimate the atmospheric dispersion characteristics
associated with the postulated accidental releases from the plant buildings and vents
as related to distances to the actual exclusion area boundary and low population zone.
We will evaluate this information to determine that the site dispersion characteristics
so determined are acceptahle.

Long-Term (Routine) Dispersion Estimates

To evaluate the suitability of the proposed design for potential sites, Fluor Pioneer
assumed an annual average atmospheric dispersion factor value of 2.0 x 10'5 seconds
per cubic meter for its evaluation of offsite doses from routine releases. The
utility applicant referencing BOPSSAR will provide in its application for a construc-
tion permit meteorological data collected onsit- in accordance with the recommenda-
tions of Regulatory Guide 1.23, "Onsite Meteorological Programs,” to estimate the
atmospheric dispersion characteristics that will be used in evaluating offsite doses
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requirements is that the service water intake temperature be 95 degrees Fahrenheit or
less during normal plant operation, and can be allowed to reach 100 degrees Fahrenheit
during plant shutdown and post-accident conditions. Ue will review the capability of
the ultimate heat sink for a specific site to meet this functional requirement for che
time period and environmental conditions recommended in Regulatory Guide 1.27, "Ultimate
Heat 3ink," during our review of an application for a construction permit referencing
BOPSSAR,

Groundwater

The determination of the groundwater level is not within the scope of BOPSSAR.

However, Fluor Pioneer statec .t lateral and horizontal hydrostatic pressure loads,
with the application of appropriate load factors and in combination with loads specified
in Sections 3.8.4 and 3.8.5 of BOPSSAR, will be calculated assuming completely satu-
rated soil beiow finished plant grade. We consider this to be an acceptab’e design
basis because it provides a clear definition of the envelope of groundwater levels for
potential sites. We will evaluate the groundwater level for a specific site based on
the information to be provided in the construction permit application of the utility
applicant referencing BOPSSAR.

Geology and Seismology

Geology, seismology, and foundation engineering characteristics are not within the
scope of BOPSSAR and will be provided for a specific site by a future utility appli-
cant referencing BOPSSAR in its application for a construction permit. However, the
plant design will be based on the following envelope of site characteristics: (1) the
safe shutdown earthquake horizental ground acceleration for seismic design will be
0.3 times the normal gravitational acceleration, (2) the operating basis carthquake
horizontal ground acceleration for seismic design will be 0.15 times the normal
gravitational acceleration, and (3) there will be no surface faulting on and in the
vicimty of the site that must be considered in the plant design.

We find these conditions acceptable. The seismic design value of 0.3 times the

normal gravitational acceleration for the safe shutdown earthquake is adequate for
about 70 percent of the potential sites east of the Rocky Mountains. We will evaluate
the seismological and geological characteristics of a specific site selected by the
utility applicant referencing BOPSSAR in its application for a construction permit to
confirm that the site characteristics fall within the above envelope conditions for
the BOPSSAR design. We will also evaluate the geology, seismology, and foundation
engineering characteristics, as required by Appendix A to 10 CFR Part 100, of each
individual site for which the BOPSSAR design will be used.
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3.0 DESIGN CRITERIA FOR STRUCTURES, SYSTEMS, AND COMPONENTS

Conformance with General Decign Criteria

Fluor Pioneer has stated that the structures, systems, and components of the BOPSSAR
design will be designed in accordance with the Commission's General Desian Criteria
for nuclear power plants, and has discussed in Section 3.1 of BOPSSAR the compliance
with each criterion applicable to the design. On the basis of our review of the
information provided in BOPSSAR, we conclude that the BOPSSAR standard balance-of-
plant can be designed to meet the requirements of the applicable feneral Desiagn
Criteria of Appendix A to 10 CFR Part 50.

Classification of Structures, Systems, and Components
Seismic Classification

Criterion 2 of the General Design Criteria requires that nuclear power plant struc-
tures, systems, and components important to safety be designed to withstand the
effects of earthquakes without loss of capability to perform their safety function.
These plant features are those necessary to assure (1) the intearity of the reactor
coolant pressure boundary, (2) the capability to shut down the reactor and maintain

it in a safe shutdown condition, or (3) the capability to prevent or mitigate the
consequences of accidents which could result in potential offsite exposures comparable
to the quideline exposures of 10 CFR Part 100.

We reviewed the structures, systems, and components important to safetv *.at are
within the scope of BOPSSAR and that will be designed to withstand th. -*fects of a
safe shutdown earthquake and remain functional. They have been identified in an
acceptable manner as seismic Category I items, in conformance with Regulatory fuide
1.29, “Seismic Design Classification.” A1l other structures, systems and components
that may be required for operation of the facility will be designed to other than
seismic Category I requirements. Included in this classification are thcse portions
of seismic Category ! systems which are not required to perform a safety function.
Structures, systems, and compo.ents important to safety that will be designed to
withstand the effects of a safe shutdown earthquake and remain functional are identi-
fied in an acceptable manner in Table 3.2-2 of BOPSSAR.

The basis for acceptance in our review has been conformance of Fluor Pioneer’s
designs, design criteria, and design bases for structures, systems, and components
important to safety with Criterion 2 of the General Design Criteria, Regulatory Guide
1.29, staff technical positions, and industry codes and standards.
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We conclude that structures, systems, and compunents important to safety that are
within the scope of BOPSSAR and will be designed to withstand the effects of a safe
shutdown earthquake and remain functional, have been properly classified as seismic
Category I items and are in conformance with the Commission's requlations, applicable
regulatory guides, and industry codes and standards, and are, therefore, acceptable.

System Quality Group Classification

Criterion 1 of the General Design Criteria requires that nuclear power plant systems
and components important to safety be designed, fabricated, erected, and tested to
quality standards commensurate with the importance of the safety function to be
performed.

@ reviewed Fluor Pioneer's classificatiun system for pressure-retaining components
that are within the scope of BOPSSAR such as pressure vessels, heat exchangers,
storage tanks, pumps, piping, and valves in fluid systems important to safety and the
assignment by Fluor Pioneer of safety classes to those portions of systems required
to perform safety functions.

Fluor Pioneer utilizes a classification system (1M, 2M, 3M, 3M(-), NNS(+), and NNS)
which is based on the classification system of the American Nuclear Society. This
classification system generally corresponds to the Commission's Quality Groups A, B,
C, and D in Requlatory Guide 1.26, "Quality Group Classifications and Standards;" and
applies to those fluid containing components which are part of the reactor coolant
pressure boundary and other fluid systems important to safety where reliance is
placed on these systems: (1) to prevent or mitigate the consequences of accidents
and malfunctions originating within the reactor coolant pressure boundary, (2) to
permit shutdown of the reactor and maintain it in the safe shutdown condition, and
(3) to contain radioactive material. As delineated in Table 3.2-1, 3.2-2, 3.2-3, and
3.2-4 of BOPSSAR, these fluid system components are classified in an acceptable
manner in conformance with Regulatory Guide 1.26. Piping and valves for these fluid
systems are also classified in an acceptable manner on system piping and instrumenta-
tion diagrams in BOPSSAR and by reference to RESAR-41.

Fluid systems pressure-retaining ccmponents important to safety that are classified
Quality Group A, B, C, or D will be constructed to the ASME Boiler and Pressure
Vessel Code (hereinafter referred to as the ASME Code) as follows:
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3.3
3.3

Fluor Pioneer Component Code

Quality Group Safety Class ASME Section III, Division 1
A ™ Class 1
8 M Class 2
C M Class 3
M(-) Class 3
D NNS ASME Section VIII, Division 1

ANSI B31.1-1973, API-F¢0
API-650, AWWAD100 or
ANSI B96.1

NNS(+) As above, augmented by
Branch Technical Position
ETSB 11-1 (Revision 1)

A1l components classified by Fluor Pioneer as Safety Class 1M, 2M, or 3M will also be
designed to seismic Category I requirements. Those components classified as Safety
Class 3M(-), NNS, or NNS(+) will not be designed to remain functional during or after
the safe shutdown earthquake (non-seismic Category I).

Quality Group A components will comply with Section 50.55a of 10 CFR Part 50.
Quality Groups B and C components will comply with Subsection NA-1140 of the ASME
Code.

The basis for acceptance in our review has been conformance of Fluor Pioneer's
designs, design criteria, and design bases for pressure-retaining components such as
pressure vessels, heat exchangers, storage tanks, pumps, piping, and valves in fluid
systems important to safety with Criterion 1 of the General Design Criteria, Regula-
tory Guide 1.26, staff technical positions, and industry codes and standards.

We conclude that fluid systems prescure-retaining components important to safety that
are within the scope of BOPSSAR and will be designed, fabricated, erected, and

tested to quality standards are in conformance with the Commission's regulations, the
applicable requlatory guide, and industry codes and standards and are, therefore,
acceptable.

Wind and Tornado Design Criteria
Wind Design Criteria

A1) seismic Category I structures exposed to wind forces will be designed to with-
stand the effects of the operating basis design wind. The specified operating basis
design wind has a velocity of 130 miles per hour based on a recurrence of 100 years.
This recurrence interval provides reasonable assurance that the operating design
value will not be exceeded during the expected plant life. The wind velocity
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3.3.2

will be transformed into pressure loadings on structures and into the associated
vertical distribution of wind pressures and gust factors in accordance with the
American Society of Civil Engineers Paper No. 3269, "Wind Forces on Structures,” and
American National Standards Institute A58.1-1972, "Building Code Requirements for
Minimum Design Loads in Buildings and Other Structures," which we find acceptable.

The procedures that will be utilized to determine the loadings on seismic Category I
structures induced by the design wind specified for the plant are acceptable since
these procedures provide a conservative basis for enginecering design to assure that
the structures will withstand such environmental forces.

The use of these procedures provides reasonable assurance that in the event of
design basis winds, the structural irtegrity of seismic Category I structures will
not be impaired and, consequently, seismic Category I systems and components located
within these structures will be adequately protected and will perform their intended
safety functions if needed. Conformance with these procedures is an acceptable basis
for satisfying the applicable requirements of Criterion 2 of the General Design
Criteria.

Tornado Design Criteria

A1l seismic Category I structures exposed to potential tornado forces and needed for
the safe shutdown of the plant will be designed to resist a tornado of 290 miles per
hour tangential wind veloci%y and a 70 miles per hour translational wind velocity.
The simultaneous atmospheric pressure drop will be assumed to be three pounds per
square inch at the rate of two pounds per square inch per second. These tornado
characteristics are in accordance with the values specified in Regulatory Guide 1.76,
“Design Basis Tornado for Nuclear Power Plants,” for Region I.

The procedures that will be used to transform the tornado wind velocity into pressure
loadings are similar to those used for the design wind loadings as discussed in
Section 3.3.1 of this report. The tornado missile effects will be determined using
procedures discussed in Section 3.5 of this report. The total effect of the design
tornado on seismic Category | structures will be determined by appropriate combina-
tions of the individual effects of the tornado wind pressure, pressure drop, and
tornado-generated missiles. Structures will be arranged on the plant site and
protected in such a manner that collapse of structures not designed for the design
basis tornado will not affect other safety-related structures.

The procedures that will be used to determine the loadings on structures induced by
the design basis tornado specified for the plant are acceptable since the procedures
provide a conservative basis for engineeri~g design to assure that the structures
will withstand such environmental forces.

The use of these procedures provides reasonable assurance that in the event of a
de ign basis tornado, the structural integrity of the plant structures that have to
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3.4

be designed for tornadoes will not be impaired and, consequently, safety-related
systems and components located within these structures will be adequately protected
and may be expected to perform necessary safety functions as required. Conformance
with these procedures is an acceptable basis for satisfying the applicable require-
ments of Criterion 2 of the General Design Criteria.

Water Level (Flood) Design

The hydrostatic effect of the design flood and the dynamic loading effects of wave
action will be considered in the design of all seismic Category I structures. For
design analysis procedures, Fluor Pioneer originally proposed that for floods at or
above grade, the wind wave effects associated with the pool level of the probable
maximum flood would be treated as hydrostatic loads. At our request, Fluor Pioneer
modified this design criterion to include the dynamic loads of wave action using
procedures in accordance with or similar to those delineated in the U.S. Army Coastal
Engineering Research Center Technical Report No. 4, "Shore Protection Planning and
Design," 3rd Edition, 1966 which we find acceptable.

Fluor Pioneer proposes to design the walls of the structures housing safety-related
equipment to withstand the hydrostatic pressure and wave action resulting from a
flood level up to ten feet above plant grade for any combination of still water plus
waves to the ten-foot level above plant grade.

The external walls of safety-related structures that are below the plant grade will
be protected from ingress of flood waters by waterproofing. The piping penetrations
into safety-related structures that are below plant grade will be provided with flood
seals. Horizontal and vertical construction joints in exterior walls up to yard
grade will be provided with water seals to protect equipment from ingress of flood
waters. The means for protection against ingress of flood waters above plant grade
will be described by the utility applicant referencing BOPSSAR in its application for
a construction permit.

The use of these procedures will provide reasonable assurance that in the event of
floods cor high groundwater, the structural integrity of seismic Category I structures
will not be impaired and, consequently, seismic Category I systems and components
located within these structures will be adequately protected and may be expected to
perform necessary safety functions, as required. Conformance with these design
procedures is an acceptable basis for satisfying the applicable requirements of
Criterion 2 of the General Design Criteria.

As a result of our review, we conclude that the design criteria and bases for the

protection of essential equipment from flooding are acceptable. Acceptability of
additional protection against a design basis flood above finished plant grade will
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the turbine of the adjacent unit. We will evaluate this issue during our review of
the construction permit application for a multiple unit facility by a future utility
applicant referencing BOPSSAR. For a single unit facility, the overall probability
that turbine missiles would damage the plant and lead to consequences in excess of
the 10 CFR Part 100 exposure guidelines is acceptably low, so that the plant essential
systems will be adequately protected against potential turbine missile damage.

Barrier Design Procedures

Information has been provided in BOPSSAR regarding the procedures that will be used
in the design of the structures, shields, and barriers to resist the effects of
missiles. The analysis of structures, shields, and barriers to determine the effects
of missile impact will be accomplished in two steps. In the first step, the potential
damage that could be done by the missile in the immediate vicinity of impact will be
investigated. This will be accomplished by estimating the depth of penetration of
the missile into the impacted structure. Furthermore, secondary missiles will be
prevented by fixing the target wall thickness above that determined for penetration.
In the second step of the analysis, the overall structura' response of the target
when impacted by a missile will be determined using the Williamson and Alvy procedure
except for the automobile missile. We find this acceptable. We will also consider
the use of other suitably justified procedures for predicting the overall response of
barriers to frangible missiles such as the wood plank and the utility pole. The
equivalent loads of missile impact, whether the missile is environmentally (externally)
generated or accidentally generated within the plant, will be combined with other
applicable loads as is discussed in Section 3.8 of this report.

With regard to the procedure for barrier design against the automobile missile, Fluor
Picneer indicated that a time-history dynamic analysis method will be used to determine
the response of the barrier, and that the analytical procedure will be modeled as an
idealized elasto-plastic single degree of freedom system. Ouring the course of our
review, we requested Fluor Pioneer to clarify the method of analysis. Fluor Pioneer
provided further information to clarify the method of analysis. We reviewed this
information and determined that the method of analysis is acceptably conservative.

We conclude that the use of these procedures provides reasonable assurance that in

the event of design basis missiles striking seismic Category I structures or other
missile shields and barriers, the structural integrity of the structures, shields,

and barriers will not be impaired or degraded to an extent that will result in a loss
of required protection. Seismic Category I systems and components protected by these
structures will, therefore, be adequately protected against the effects of missiles.
Conformance with these procedures is an acceptable basis for satisfying the applicable
requirements of Criteria 2 and 4 of the General Design Criteria.
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3.6
3.6.1

3.6.2

Protection Against Dynamic Effects Associated with the Postulated Rupture of Piping
Postulated Pipe Rupture Inside Containment

Fluor Pioneer has identified and will apply criteria for postulating rupture of
piping and protection against associated dynamic effects that are consistent with the
criteria contained in Reguiatory Guide 1.46, “Protection Against Pipe Whip Inside
Containment,” for systems inside the containment that are within the scope of BOP3SAR.
A list of the safety-related systems are tabulated in Section 1.7.1 of BOPSSAR and
responsibility for overall design, component design, piping layout, and stress
analysis, and other significant activities are clearly identified for each case where
BOPSSAR interfaces with RESAR-41. Effectively, Fluor Pioneer's criteria for postu-
lated pipe rupture and associated protection inside the containment will apply to all
safety-related systems since Fluor Pioneer maintains overall responsibility for the
Class 1, 2, and 3 systems inside containment.

The proposed piping arrangements and applicable design considerations for high and
moderate energy fluid systems inside containment will provide adequate assurance that
the unaffected system components, and those systems important to safety which are in
close proximity to the systems in which postulated pipe failures are assumed to
occur, will be protected. The design will be of a nature to mitigate the conse-
quences of a pipe break so that the reactor can be safely shut down and maintained in
a safe shutdown condition in the event of a postulated failure of a pipe carrying a
high or moderate energy fluid inside containment.

We conclude that the criteria and analytical methods that will be used to design and
evaluate the piping systems for postulated ruptures and associated dynamic effects
provide an acceptable basis in meeting the requirements of Criteria 1, 2, and 4 of
the General Design Criteria and, therefore, are acceptable.

Postulated Pipe Rupture Outside Containment

We reviewed the adequacy of Fluor Pioneer's proposed design criteria and design bases
necessary to protect safety-related equipment from the effects of pipe failure
outside containment. The design includes criteria to accommodate the effects of
postulated pipe breaks and cracks, including pipe whip, jet effect, and environmental
effects. The means used to protect safety-related systems and components includes
separation by remote location, pipe enclosures, pipe whip restraints, and equipment
shields. Fluor Pioneer will provide protection against pipe failure outside contain-
ment in conformance with the criteria contained in Branch Technical Positions APCSB
3-1, "Protection Against Piping Failures in Fluid Systems Outside Containment," and
MEB 3-1, "Postulated Break and Leakage Locations in Fluid System Piping Outside
Containment," which are contained in Sections 3.6.1 and 3.6.2 respectively of the
Standard Review Plan. Fluor Pioneer will analyze high energy piping systems for the
effects of pipe whip, jet impingement, and environmental effects on safety-related
systems and stro_tures. For moderate energy systems, the jet and environmental
effects due to critical cracks will be considered.
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The plant design basis will include the ability to sustain a high energy pipe break
coincident with a single active failure and retain the capability for safe cold
shutdown. For postulated pipe failures, the resulting environmental effects will not
preclude the habitability of the control room, the accessibility of other areas that
have to be manned during an accident condition, or the ioss of function of electric
power supplies, controls, and instrumentation needed to complete a safety action.

Based on our review, we conclude that the design basis and criteria that will be used
to protect safety-related equipment from the effects of pipe failure outside the
containment conform to Branch Technical Positions APCSB 3-1 and MEB 3-1 and, there-
fore, are acceptable.

Seismic Design

Criterion 2 of the General Design Criteria requires that structures, systems and
components important to safety shall be designed to withstand the effects of natural
phenomena such as earthquakes. We reviewed the BOPSSAR structures, systems, and
components important to safety and identified as seismic Category I structures,
systems and components, to determine their ability to withstand the effects of the
operating basis earthquake and the safe shutdown earthquake.

seismic Input

The input seismic design response spectra that will be applied in the design of
seismic Category I structures. - sstems, and components comply with the recommen-
dations of Regulatory Guide .60, "Design Response Spectra for Nuclear Power Plants.”
1he specific percentage of critical damping values to be used in the seismic analysis
of Category I structures, systems and components are in conformance with Regulatory
Cuide 1.61, "Damping Values for Seismic Analysis of Nuclear Power Plants.”

The synthetic time history to be used for seismic design of Category I plant struc-
tures, systems, and components will be adjusted in amplitude and frequency content to
obtain response spectra that envelop, for all damping values, the design response
spectra specified by Regulatory Guide 1.60 and normalized to the maximum ground
accelerations of 0.30 times the normal gravitational acceleration for the safe
shutdown earthquake.

Conformance with the requirements of Regulatory Guides 1.60 and 1.61 provides reason-
able assurance that the seismic inputs to the design analysis of seismic Category I

structures, systems, and components will be adequately defined to assure a conservative

basis for the design of such structures, systems, and components to withstand
the consequent seismic loadings.
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Seismic System Analysis

The scope of review of the seismic system and subsystem analysis included the seismic
analysis methods for all seismic Category [ structures, systems, and components. It
included review of procedures for modeling, seismic soil-structure interaction,
development of floor response spectra, inclusion of torsional effects, evaluation of
seismic Category | structure overturning, and determination of composite damping.

The review included design criteria and procedures for evaiuating the interaction of
non-seismic Category | structures and piping with seismic Category I structures and
piping and effects of parameter variations on floor response spectra.

The system and subsystem analyses will be performed on an elastic basis. Modal
response spectrum multidegree of freedom and time history methods will form the bases
for the analyses of all major seismic Category I structures, systems, and components.
When the modal response spectrum method is used, governing response parameters will
be combined by the square root of the sum of the squares rule. However, methods
described in Regulatory Guide 1.92, "Combining Modal Responses and Spatial Components
in Seismic Response Analysis,” will be used in combining modal responses for modes
with closely spaced frequencies. The square root of the sum of the squares of the
maximum codirectional responses will be used in accounting for three components of
the earthquake motion for both the time history and response spectrum methods. Floor
spectra inputs to be used for design and test verifications of structures, systems,
and components will be generated from the time history method, taking into account
variation of parameters by peak widening. A vertical seismic system dynamic analysis
will be employed for all structures, systems, and components where analyses show
significant structural amplification in the vertical direction. Torsional effects
and stability against overturning will be considered.

The lumped soil spring approach will be used to evaluate soil-structure interaction
effects upon seismic responses. A separate confirmatory finite element analysis
considering appropriate nonlinear stress-strain and damping relationships for the

s0il will be made for each utility applicant's site. The effect of adjacent struc-
tures will be included at that time. Maximum loads or stresses for all parts of the
plant will be determined and presented in a future utility applicant's safety anal-
ysis report together with the envelope response data. To the extent that the envelope
response spectra envelop and encompass the site-dependent seismic response spectra,
the BOPSSAR design will be acceptable for this site.

With respect to generation of design envelope responses fur seismic Cateogry I
structures, systems, and components, dynamic analyses will be performed for struc-
tures assuming the values of subgrade shear wave velocities equal to 500, 1000, 1500,
2000, 3000, and 4000 feet per second. Dynamic analysis will also be performed for
the fixed base case for seismic Category I structures.

Using the soil spring approach for the soil and three dimensional lumped multimass
model for the structure, a parametric study will be made to obtain the enveloping
forces and moments in the structure and the enveloping broad band floor spectra for
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the design of the seismic subsystems and components. In this parametric study, which
will consist of six independent analyses, the properties of the structural model will
be kept constant and only the soil spring properties will be varied.

Based on our review, we conclude that the seismic system and subsystem analysis
procedures and criteria proposed by Fluor Pioneer provide an acceptable basis for the
seismic design,

eismic Instrumentation Program
The type, number, location, and utilization of strong motion accelerographs to

record seismic events and to provide data on the frequency, amplitude, and phase
relationship of the seismic response of the containment structure comply with Requla-
tory Guide 1.12, "Instrumentation for Earthquakes." Supporting instrumentation will
be installed on seismic Category 1 structures, systems, and components in order to
provide data for the verification of the seismic responses determined analytically
for such seismic Category I items.

The installation of the specified seismic instrumentation in the reactor containment
structure and at other seismic Category [ structures, systems, and components con-
stitutes an acceptable program to record data or seismic ground motion as well as
data on the frequency and amplitude relationship of the response of major structures
and systems. A prompt readout of pertinent data at the control room can be expected

to yield sufficient information to guide the operator on a timely basis for the
purpose of evaluating the seismic response in the event of an earthquake. Data
obtained from such installed seismic instrumentation will be sufficient to determine
that the seismic analysis assumptions and the analytical model used for the design of
the plant are adequate and that allowable stresses are not exceeded under conditions
where continuity of operation is intended. Provision of such seismic instrumentation
complies with Regulatory Guide 1.12 and is, therefore, acceptable.

Design of Seismic Category I Structures
Reactor Containment

The containment will consist of a free-standing steel shell located within a separate
reinforced concrete shield building. The containment will be designed, fabricated,
constructed, and tested as a Class MC vessel in accordance with Subsection NE of the
ASME Code, Section I1l, Division 1. Design loads will include an appropriate combina-
tion of dead and live loads, thermal loads, seismic and postulated loss-of-coolant
accident induced loads including pressure and jet forces. A seismic Category I
concrete shield building will protect the steel containment from the effects of wind,
tornadoes, and tornado generated missiles.

In its preliminary design of the steel containment vessel, Fluor Pioneer originally
proposed to install a narrow band of compressible material between the outside face
of the vessel and the extended concrete support. The purpose of the compressible
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3.8.3

Erection of Structural Steel for Buildings," of the Anerican Institute of Steel

Construction will be used. For equipment supports, Subsection NF of the ASME Code
will be used.

The containment concrete and steel internal structures will be designed to resist
various combinations of dead and live loads, accident induced loads, including
nressure and jet loads, and seismic loads. The load combinations to be used include
all loads likely to occur and all loads which may act simultaneously. The design and
analysis procedures that will be used for the internal structures are in accordance
with procedures delineated in the American Concrete Institute 316-71 Code and in the
American Institute of Steel Construction Specification for concrete and steel struc-
tures, respectively.

The containment internal structures will be designed and proportioned to remain

within 1imits established by us under the various load combinations. These limits

are, in general, based on the American Concrete Instituta 318-71 Code and on the
American Institute of Steel Construction Specification for concrete and steel struc-
tures, respectively, modified as appropriate for load combinations that are con-
sidered extreme. The materials of construction, includina their fabrication, construc-
tion, and installation, will be in accordance with the American Concrete Institute
318-71 Code and the American Institute of Steel Construction Specification for con-
crete and steel structures, respectively.

We conclude that the criteria to be used in the design, analysis, and construction of
the containment internal structures to account for anticipated loadings and pos-
tulated conditions that may be imposed upon the structures during their service
lifetime are in conformance with established criteria, and with codes, standards, and
specifications, and are, therefore, acceptable.

The use of these criteria as defined by applicable codes, standards, and specifica-
tions; the loads and loading combinations; the design and analysis procedures; the
structural acceptance criteria; the materials, quality control programs, and special
construction techniques; and the testing and inservice surveillance requirements
provide reasonable assurance that, in the event of earthquakes and various postulated
accidents occurring within the containment, the interior structures will withstand
the specified design conditions without impairment of structural integrity or the
performance of required safety functions. We conclude that conformance with these
criteria constitutes an acceptable basis for satisfying the requirements of Criteria
2 and 4 of the General Design Criteria.

Other Seismic Category I Structures

A1l seismic Category I structures other than containment and its interior structures
will be of structural steel and concrete. The structural components will consist of
slabs, walls, beams, and columns. The principal code to be used in the design of
concrete seismic Category I structures will be the American Concrete Institute
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Foundations

5.9
3.9.1

The foundations of seismic Category I structures other than the containment structure
for the BOPSSAR design will be reinforced concrete, primarily of the mat type

design., The principal code for the design of these concrete mat foundations will be
the American Concrete Institute 318-71 Code. These concrete foundations will be
designed to resist various combinations of dead loads, live loads, environmental
loads including winds, tornadoes, and earthquakes, and loads generated by postulated
ruptures of high energy pipes.

The design and 2nalysis procedures that will be used for these seismic Category I
foundations are in accordance with procedures delineated in the American Concrete
Institute 318-71 Code. The various seismic Category I foundations will be desigred
and proportioned to remain within 1imits established by us under the various load
combinations. These limits are, in general, based on the American Concrete Institute
318-71 Code modified as appropriate for load combinations tha* are considered extreme.
The materials of construction and their fabrication, construction, and installation
will be in accordance with the American Concrete Institute 318-71 Code.

The criteria that will be used in the analysis, desian, and construction of seismic
Category 1 foundations to account for anticipated loadings and postulated conditions
that may be imposed upon each foundation during its service lifetime are in conform-
ance with established criteria, codes, standards, and specifications and are, there-
fore, acceptable.

The use of these criteria as defined by applicable codes, standards, and specifica-
tions; the loads and loading combinations; the design and analysis procedures; the
structural acceptance criteria; the materials quality control and special construc-
tion techniques provide reasonable assurance that, in the event of winds, tornadoes,
earthquakes, and various postulated events, the seismic Category 1 foundations will

be able to withstand the specified design conditions without impairment of structural
integrity and stability or the performance of required safety functions. We conclude
that conformance with these criteria, codes, specifications, and standards constitutes
an acceptable basis for satisfying the requirements of Criteria 2 and 4 of the

General Design Criteria.

Mechanical Systems and Components
Dynamic System Analysis and Testing

Fluor Pioneer has described a preoperational vibration test program for ASME Code
Class 1, 2, and 3 piping systems that will be conducted by a future utility applicant
under simulated transients that are credible within the normal and upset operating
modes of the systems. Definition of this test program and organization of the staff
required to conduct the program are within the scope of a future utility applicant
referencing BOPSSAR.




3.9.2

We reviewed Fluor Pioneer's information and discussion of responsibility to verify
that adequate technical gquidance will be provided to the utility applicant. Total
acceptance of the program will require a compatibility review based on the utility
applicant's treatment of the program.

The preoperational vibration test program described by Fiuor Pioneer which will be
conducted during startup and initial operation on all safety-related piping systems,
restraints, components, and component supports classified as ASME Code Class 1, 2,
and 3 is an acceptable program. The tests will provide adequate assurance that the
piping and piping restraints of the system have been designed to withstand vibra-
tional dynamic effects due to valve closures, pump trips, and othe~ operating modes
associated with the design basis operational transients. The planned tests will
develop loads similar to those experienced during reactor operation. Compliance with
this test orogram will constitute an acceptable basis for fulfilling the requirements
of Criterion 15 of the General Design Criteria.

Proper functioning of safety-.elated mechanical equipment is essential to assure the
capability of such equipment to perform protective actions in the event of a safe
shutdown earthquake. The dynamic testing and analysis procedures which will be
implemented to confirm that all seismic Category I mechanical equipment will function
during and after an earthquake of magnituce up to and including the safe shutdown
earthquake, and that all equipment support structures are adequately designed to
withstand seismic disturbances, are acceptable.

Subjecting the equipment and its supports to these dynamic testing and analysis
procedures provides reasonable assurance that in the event of an earthquake at the
site, the seismic Category I mechanical equipment as identified in BOPSSAR will
continue to function during and after a seismic event, and the combined loading
imposed on the equipment and its supports will not exceed applicable code allowable
design stress and strain limits. Limiting the stresses of the supports under such
loading combinations provides an acceptable basis for the design ui the equipment
supports to withstand the dynamic loads associated with seismic events, as well as
operational vibratory loading conditions without aross loss of structural integrity.

Implementation of these dynamic testing and analysis procedures will constitute an
acceptable basis for satisfying the applicable requirements of Criteria 2 and 14 of

the General Criteria,

ASME Code Ciass 1, 2 and 3 Components

A1l safety-related ASME Code Class 1, 2 and 3 systems, components, and equipment will
be designed to sustain normal loads, anticipated transients, the operating basis
earthqui ke and the safe shutdown earthquake within design 1imits which are consistent
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with those outlined in Regulatory Guide 1.48, “Design Limits and Loading Conditions."
The specified design basis combinations of loading as applied to the design of the
safety-related ASME Code Class 1, 2 and essure-retaining components in systems
classified as seismic Category | proviace reasonable assurance that in the event (a)
an earthquake should occur at the site, or (b) other upset, emergency, or faulted
plant transients should occur during plant operation, the resulting combined stresses
imposed on the system components may be expected not to exceed the allowable design
stress and strain limits for the materials of construction. Limiting the stresses
under such loading combinations provides a conservative basis for the design of the
system components to withstand the most adverse combinations of loading events
without gross loss of structural integrity.

Fluor Pioneer's design load combinations and associated stress and deformation

limits specified for all ASME Code Class 1, 2, and 3 components constitute an accept-
able basis for design in satisfying Criteria 1, 2, and 4 of the General Design
Criteria.

The conduct of Fluor Pioneer's proposed operability assurance program will provide
adequate assurance of the capability of active pumps and valves in seismic Categor

I systems to withstand postulated seismic loads in combination with other significant
loads without loss of structural integrity, and to perform "active" functions such as
pump operation and valve closure or opening, when a safe plant shutdown is to be
effected or the consequences of an accident are to be mitigated. The specified
component operability assurance procedures constitute an acceptable basis for meeting
the requirements of Criteria 1, 2, and 4 of the General Design Criteria as related to
operability of active valves and pumps.

The criteria to be used for the design analysis and installation of ASME Cede Class

1, 2, and 3 safety and relief valves are consistent with the recommendations ¢f
Regulatory Guide 1.67, "Installation of QOverpressure Protection Devices," for open
discharge systems; for closed systems Fluor Pioneer has provided a commitment to
perform a conservative dynamic analysis of the complete system. The description of

the calculational procedures and methods to be used in the analyses includes the
development of transient hydraulic forcing functions and their application to determine
the dynamic responses of the system. The time history analysis will account for

valve opening time and water slug effects where lo0p seals are part of the system.

Using these criteria in developing the design and mounting of ASME Class 1, 2, and 3
safety and relief valves will provide adequate assurance that, under discharging
conditions, the resulting stresses will not exceed the allowable design stress and
strain limits for the materials of construction. Limiting the stresses under the
loading combinations associated with the actuation of these pressure relief devices
provides a conservative basis for the design of the system components to withstand
these loads without loss of structural integrity and impairment of the overpressure
protection function.
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3.9.3

we conclude that the application of these criteria in the design, analysis, and
installation of ASME Code Class 1, 2, and 3 overpressure relief devices constitutes
an acceptable basis for meeting the applicable requirements of Criteria 1, 2, 4, 14,
and 15 of the General Design Criteria.

Fluor Pioneer states that the design of BOPSSAR will provide for an inservice test
progr.m for all ASME Code Class 1, 2, and 3 pumps and valves which will meet the
requirements of the ASME Code, Section XI, Subsections IWP 3000 and IWV 3000, respec-
tively. Compliance with these code requirements will constitute an acceptable basis
for satisfying the applicable portions of Criteria 37, 40, 43, and 36 of the General
Design Criteria.

Fracture Toughness Requirements for ASME Code Class 2 and 3 Ferritic Components

Fluor Pioneer has stated in Section 10.3.7.1 of BOPSSAR that ASME Code Class 2 and 3
ferritic components within the balance-af-plant scope of supply, except ‘hose de-
scribed in paragraphs NC/ND-2311(b) (1) through (7), of the ASME Boiler and Pressure
Vessel Code, 1974 Edition, Section IlI, shall be tested for fracture toughness
according to the procedures, requirements and acceptance standards of NC/ND-2320
through NC/ND-2360 of the ASME Code with the following acditional requirements:

(1) For materials with thickness exceeding 2-1/2 inches, except those covered below,
the lowest service temperature as described in NC/ND-2332(d) shall not be lower
than RTNDT+100“F unless a lower temperature is justified by methods similar to
those contained in Appendix G of the ASME Code.

(2) Code Class 2 and Class 3 passive pressure retaining components with wall thick-
ness exceeding 2-1/2 inches as described in NC/ND-2332 may meet the following
requirements: the lowest service temperature shall not be lower than RTNDT+30°F
unless a lower temperature is justified by methods similar to those contained in
Appendix G of the ASME Code as stated in NC/ND-2332(d) rather than the RTNDT+IOO°F
required above, provided that the shop hydrotest required by paragraph NC/ND-
6221(a) shall be conducted at or below the lowe:t service temperature as defined
in NC/ND-2331(a).

Passive pressure retaining components are defined as vessels, tanks, piping, tubes,
pumps, valves and fittings not part of an active reactor system required for normal
operation, including startup and shutdown, but are on standly, and maintain a con-
stant pressure at all times, such that when called upon to perform their safety-
related function there is no increase in pressure stresc or thermal stress.

The fracture toughness tests and properties requirs by the ASME Code, and the addi-
tional requirements as stated above, provide re -unable assurance that safety margins
against the possibility of nonductile behavic or rapidly propagating fracture can be
established for the pressure-retaining ferritic materials of Code Class 2 and 3
ferritic components, and are, therefore, acceptable.
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3.0

Seismic Qualification of Seismic Category ! Instrumentation and Electrical Equipment

Instrumentation and electrical components required to perform a safety function will
be designed to meet sefsmic Category I design criteria. Seismic requirements estab-
lished by the seismic system analysis will be incorporated into equipment specifica-
tions to assure that the equipment purchased or designed will meet seismic require-
ments equal to or in excess of the requiremgnts for seismic Category | components,
either by appropriate analysis or by qualification testing.

Fluor Pioneer has proposed a seismic qualification program referencing IEEE Standard
344-1975 that will be implemented for seismic Category ! instrumentation and electri-
cal equipment and the associated supports for this equipment to provide assurance that
such equipment can be expected to function properly and that structural integrity of
the supports will not be impaired during the excitation and vibratory forces imposed
by the safe shutdown earthquake and the conditions of post-accident operation, We
conclude that this program constitutes an acueptable basis for satisfying the applic-
able requirements of Criterion 2 of the General Design Criteria.

Environmental Design of Mechanical and Electrical Equipment

Our evaluation of the environmental design of mechanicai and electrical equipment is
discussed in Section 7.6.1 of this report.
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4.0 REACTOR

The reactor, as part of the nuclear steam supply system, is not within the scope of
BOPSSAR, BOPSSAR includes by reference the Westinghouse standard nuclear steam
supply system RESAR-41, Our evaluation of the RESAR-41 design is discussed in our
Safety Evaluation Report for RESAR-41.
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5.0 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

General Information

The reactor coolant system in its entirety is designed and analyzed by Westinghouse
as described in RESAR-41 and is not within the scope of BOPSSAR. Fluor Pioneer has
established the criteria for material selection and construction of systems that are
within the scope of BOPSSAR and that are related or connected to the reactor coolant
pressure boundary. Fluor Pioneer has tabulated the components and structures in
Table 2.2-1 of BOPSSAR showing their source of supply, safety classification, seismic
category. and quality group classification. Fluor Pioneer has identified in Section
S5A of BOPSSAR the utility applicant's interface requirements for the reactor coolant
system. Our general review of ASME Code Class 1, 2, and 3 components is contained in
Section 3.9.2 of this report,

Certain areas associated with the reactor coolant system and connected systems are
within the scope of the balance-of-plant and are discussed below. These areas are
(1) the material considerations for piping connected to the reactor coolant system,
(2) the leakage detection system for the reactor coolant pressure boundary, (3) the
inservice inspection program for the reactor coolant system, and (4) the loose parts
monitering program.

5.2 Integrity of the Reactor Coolant Pressure Boundary
5.2.1 General Material Considerations

The materials considerations for the reactor coolant pressure boundary are properly
addressed by Westinghouse in RESAR-41, and our evaluation of these materials considera-
tions ¥s contained in our Safety Evaluation Report on RESAR-41, Fluor Pioneer has
provided information in BOPSSAR related to the materials considerations for piping

and fittings that are within the sccpe of BOPSSAR and that are required to meet the
interface materials requirements specified in RCSAR-41,

These interface requirements are related to (1) the materials specifications for
piping and fittings to be connected to the fluid systems of RESAR-41; (2) field
welding of austenitic stainless steel at the piping interfaces, including contamina-
tion protection and cleaning procedures to be per formed before, during, and after
field welding of austenitic stainless steel; (3) procedures regarding sensitization
of field welds; (4) procedures regarding control of delta ferrite; (5) field welding
of ferritic steel components and austenitic steel components and interfaces; and (6)
field welding of steam generators at the interfaces, including contamination protec-
tfon and cleaning procedures before, during and after field welding instailation of
steam generators.
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Based on our review, we determined that the interface requirements specified in
RESAR-41 will be satisfied by the BOPSSAR design, and conclude that the materials for
the reactor coolant pressure boundary within the scope of BOPSSAR are acceptable.

Reactor Coolant Pressure Boundary Leakage Detection System

Reactor coolant leakage within the containment may be an indication of a small
through-wall flaw in the reactor coolant pressure boundary. The leakage detection
system will include diverse leak detection methods, will have sufficient sensitivity
to measure small leaks, will identify the leakage source to the extent practical, and
will be provided with suitable control room alarms and readouts. The system will
consist of the containment radiation monitors (gas and particulate), sump level
measuring system, and the recirculation fan cooler system, Indirect indication of
leakage will be obtained from the containment pressure and temperature monitors.
Intersystem leakage will be detected by abnormal readings from radioactivity monitors
in the secondary system. The leakage detection systems proposed to detect leakage
from conponents and piping of the reactor coolant pressure boundary will be in
accordance with the recommendations of Regulatory Guide 1.45, "Reactor Coolant
Pressure Boundary Leakage Detection Systems," and nrovide reasonable assurance that
any structural degradation resulting in leakage during service will be detected in
time to permit corrective actions. Conformance with the recommendaticns of Regula-
tory Guide 1.45 constitutes an acceptable basis for satisfying the requirements of
Criterion 30 of the General Design Criteria.

Inservice Inspection Program

To ensure that no deleterious defects of the reactor coolant pressure boundary
develop during service, selected welds and weld heat-affected zones will be designed
to be inspected periodically. Fluor Pioneer stites that all ASME Code Class 1, 2, and 3
pressure-retaining system piping, pumps, valves, and components which require in-
service inspection, as defined by Section XI of the ASME Code will be installed so as
to provide accessibility for inspection in compliance with the requirements of

Section XI and applicable addenda determined by Section 50.55a(g) of 10 CFR Part 50.
Remote inspection equipment will be used to inspect those areas not readily acces-
sible to inspection personnel. Details of the inservice inspection program and
equipment will be provided in a future utility applicant's application for a construc-
tion permit referencing BOPSSAR.

The conduct of periodic inspections and hydrostatic testing of pressure-retaining
components in the reactor coolant pressuie boundary in accordance with the require-
ments of Section X1 of the ASME Code provides reasonable assurance that evidence of
structural degradation or loss of leaktight integrity occurring during service will
be detected in tim to permit corrective action before the safety function of a
component is compromised. Compliance by a future utility applicant with the in-
service inspections required by this Code constitutes an acceptable basis for satis-
fying the requirements of Criteria 32, 36, 39, 42, and 45 of the General Design
Criteria.
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5.3

Loose Parts Monitoring Program

Occasfonally, miscellaneous items such as nuts, bolts, and other items have become
ioose parts within reactor coolant systems. In addition to causing operational
inconvenience, such lToose parts can damage components within the system or be an
indication of undue wear or vibration.

For such reasons, for the past few years we have required many applicants to initiate
a program or tc participate in an ongoing program, the objective of which was the
development of a functional, loose parts monitoring system within a reasonable period
of time. Recently, prototype loose parts monitoring systems have been developed and
are presently in operation or being installed at several plants.

Fluor Pioneer states in BOPSSAR that a loose parts monitoring system will be provided

within the scope of supply of BOPSSAR. We conclude that this comritment is acceptable.
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6.2

6.0 ENGINEERED SAFETY FEATURES

Design Considerations

The purpose of the various engineered safety features is to provide protection for
the plant personnel and the public by limiting the radiation exposure that could
result from a postulated major accident ir the plant. In this section, we discuss
the engineered safety featurcs systems proposed for the BOPSSAR balance-of-plant
design. Certain of these systems or parts of these systems will have functions for
normal plant operation as well as serving as engineered safety features.

We reviewed the proposed systems and components designated as engineered safety
features within the scope of the BOPSSAR design. These systems and components will
be designed to be capable of assuring safe shutdown of the reactor under the adverse
conditions of the various postulated design basis accidents. They will be designed,
therefore, to seismic Category | requirements and must function with complete loss of
offsite power.

Components and systems will be provided in sufficient redundancy so that a single
failure of any component or system will not result in the loss of the capability to
achieve safe shutdown of the reactor. These design requirements are in accordance
with the Genera! Design Criteria.

The engineered safety features which are within the scope of BOPSSAR, and discussed
in this section, are the primary containment, secondary containment, containment heat
removal system, containment isolation system, combustible gas control system, control
room habitability system, engineered safety features filter system, and the auxiliary
feedwater system, which is discussed in Section 0.7 of this report.

In addition to the engineered safety features identified above, certain componentc of
the emergency core cooling system and the emergency boration system, which are

within the scope of RESAR-41, are within the scope of BOPSSAR. In particular the
refueling water storage tank and the containment recirculation sumps, which are water
sources for the emergency core cooling system, are within the scope cf BOPSSAR.

Also, the heat tracing for the emergency boration system is within the scope of
BOPSSAR and is discussed in Section 7.3.4 of this report.

Containment Systems

The containment systems for the BOPSSAR balance-of-plant design will include a

reactor containment siructure as the primary containment, a secondary containment
structurs, containment heat removal systems, containment isolation systems, a contain-
ment combistible gas control system, and provisions for containment leak testing.
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Containment Functional Design

The primary containment will consist of a free standing, spherical steel vessel
having a net free volume of 3.4 million cubic feet. The containment vessel will
house the nuclear steam supply system, which includes the reactor vessel, reactor
coolant piping, reactor coolant pumps, pressurizer, and stezm yenerators, as well as
certain components of the plant engineered safety feature systems. The containment
vessel will be designed for an internal pressure of 49 pounds per square inch gauge
and a temperature of 267 degrees Fahrenheit.

Fluor Pioneer has described in BOPSSAR the analytical models used for the containment
vessel pressure response analysis, including the assumptions made regarding the
availability of heat removal systems and structural heat sinks. Fluor Pioneer analyzed
reactor coolant system pipe breik accidents for a spectrum of break locations and
sizes. The CONTEMPT-LT computer code was used for the containment vessel pressure
response analysis. The postulated double-ended break of the pump suction in the cold
leg of the reactor coolant system resulted in the highest calculated pressure of 44.5
pounds per square inch gauge. The containment vessel design pressure (49 pounds per
square inch gauge) provides a margin of ten percent above the peak calculated pressure,

Fluor Pioneer provided in BOPSSAR the mass and energy release data used in the
containment analysis. The mass and energy release data were calculated using methods
and assumptions that were previously found acceptable in RESAR-41, but based on an
assumed containment backpressure of 45 pounds per square inch gauge. Since the
assumed containment backpressure of 45 pounds per square inch gauge is greater than
the calculated containment backpressure of 44 5 pounds per square inch gauge, the
mass and energy release data used in the containment analysis are acceptable. We
performed a confirmatory analysis of the containment vessel pressure response to a
postulated double-ended break of the cold leg (pump suction) piping in the reactor
coolant system using the CONTEMPT-LT MOD 26 computer code. Our confirmatory analysis
was based on the mass and energy release data, containment structural heat sink data,
and spray system performance data provided by Fluor Pioneer. Containment heat
removal system performance was based on the assumption that two of the three con-
tainment spray pumps are operable. Conservative condensing heat transfer coefficients
were also used for transfer of heat to the structures inside containment. The
results of our analysis confirm the pressure calculated by Fluor Pioneer. We,
therefore, concl: de that the containment vessel design pressure is acceptable for the
design basis loss-of-coolant accident since it provides a ten percent margin above
the peak calculated pressure.

Fluor Pioneer has also analyzed the containmen vessel pressure response to a spec-
trum of postulated main steam line break accidents and to a feedwater line break
accident. The analytical model used to calculate the mass and energy release data
for these postulated accidents has been accepted by the staff.




Following a postulated main steam line break inside containment, steam will initially
be discharged from all four steam generators. Flow from the steam generators in the
unbroken loops will be terminated following the main steam line isolation signal.
Flow from the steam generator in the broken loop will continue until all the fluid is
discharged.

The mass and energy available to flow into the containment is *““e mass of fluid
initially in the steam generators and the additional water addea .y the feedwater
system. For the RESAR-41 steam generators the initial water mass is greatest at hot
standby. Feedwater flow is proportional to the power level.

For the long term mass and enerqy release calculations used to verify the containment
design temperature and pressure, Fluor Pioneer has performed a bounding calculation
designed to maximize the total mass and energy release. In the bounding calculation
the steam gemerator water mass is set at the hot standby value; however, feedwater is
assumed to flow at 150 percent of the full power value. A double-ended break was
assumed and, following isolation of the steam isolation valves and the redundant
valves in the feedwater lines, the entire inventory of the ruptured steam generator
was added to the containment as steam. The primary syster is assumed to provide an
infinite heat source for this process. The flow rate to the containment was maximized
by use of the Moody critical flow correlation. We determined that this method is
conservative for verification of the containment design temperature and pressure.

We agree with Fluor Pioneer that the rupture of a main feedwater line will produce
lower containment temperatures and pressures than the rupture of a main steam line.
This is because the area of flow restrictor in the feedwater nozzle is only 16
percent of the steam pipe flow restrictor area, and the lower elevation of the
feedwater inlet to the steam generator would result in substantial liquid entrainment
with a consequent reduction in total energy release in the case of a rupture of a
main feedwater line.

Fluor Pioneer calculated a maximum containment vessel pressure and temperature of
41.3 pounds per square inch gauge and 383 degrees Fahrenheit, respectively, for the
postulated double-ended rupture of a main steam line. The failure of a main steam
isolation valve to close was determined to be the limiting single failure.

We performed a confirmatory analysis of the main steam line break using the CUNTEMPT-
LT/026 computer code. Our analysis predicted a temperature of 375 degrees Fahrenheit
and a pressure of 38.3 pounds per square inch gauge.

RESAR-41 specifies that a peak temperature of 340 degrees Fahrenheit will be used in
the environmental qualification testing of safety-related mechanical and electrical
equipment within Westinghouse's scope of supply. Since the calculated peak temnera-
ture in containment is not compatible with the RESAR-41 environmental qualification
temperature, we will require a future utility applicant referencing the BOPSSAR
design to provide verification that the equipment inside containment within the
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scope of RESAR-41 will be qualified to the temperature profile estahlished by the
postulated main steam 1ine break analysis in BOPSSAR. This matter is discussed
further in Section 7.6.1 of this report.

Fluor Pioneer has analyzed the pressure response of compartments inside the contain-
ment to the postulated higi energy line breaks identified in RESAR-41. The compart-
ments investigated include the steam generator compartme=ts, the pressurizer com-
partment, and the reactor cavity. Fluor Pioneer has committed to increase the
calculated peak differential pressures for all subcompartments by a factor of 1.4 to
establish the design differential pressures for the subcompartments in accordance
with acceptance criteria specified in Section 6.2.1.2 of the Standard Review Plan
(NUREG-75/087). We find this acceptable.

The subcompartment analysis was perform d using the RELAP-4-EM/085 computer code.

The mass and energy release data for postulated reactor coolant system pipe breaks
were obtained from the information provided in RESAR-41. For the main steam and
feedwater 1ine breaks, Fluor Pioneer provided bounding calculations for short term
mass and energy release rates following a postulated double-ended rupture of a steam
or feedwater pipe. For the feedwater pipe rupture analysis the flow rate is maximized
by use of the Henry-Fauske correlation when the flow was subcooled and the Moody
correlation thereafter. The short term steam line break calculation utilized the
Moody correlation throughout. No credit was taken for flow reduction caused by stea
generator pressure decay. Liquid entrainment was assumed since for short term cal-
culations this assumption maximized mass and energy release rates. We therefore
conclude that this method of calcuiating short term mass and energy releases is
conservative for subcompartment analysis. The results of Fluor Pioneer's subcompart-
ment analysis are summarized as follows:

Pipe Break Postulated Peak Calculated
_Location _Pipe Break Differential Pressure
Reactor Cavity 150 square inch ceid 273 pounds per square inch

leg limited displace-
ment rupture

Steam Generator Double-ended cold 37 pounds per square inch
Compartment leqg rupture

Pressurizer Double-ended 110 pounds per square inch
Compartment surge line rupture

ke performed a confirmatory analysis of the reactor cavity, steam generator
compartment, and pressurizer compartment using the RELAP-3 computer code. Our
results confirm the peak differential pressures calculated by Fluor Pioneer for the
steam generator compartment and the pressurizer compartment. Our calculated peak
differential pressure for the reactor cavity is 305 pounds per square inch, which
is about 12 percent grezter than the pressure calculated by Fluor Pioneer. Fluor
Pioneer has revised its proposed desigr *o use thc peak differential pressure of
305 pounds per square inch, increased by a factor of 1.4, for the reactor cavity.
On the basis of our confirmatory analyses, we conclude that the peak differential
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6.2.2

pressures to be used by Fluor Pioneer for the design of containment subcompartments
are acceptable.

With regard to containment subcompartment analyses for predicting the loadings on
structures and component supports due to asymmetric pressure differentials, we will
require a future utility applicant referencing the BOPSSAR design to provide confirm-
atory analyses for use in determining the design loadings. The reason for this is
that the asymmetric differential pressures in containment subcompartments that act
across vessels and result in loadings on structures and component supports is one of
three categories of loadings. The other two categories are vessel internals reaction
loads and fluid jet thrust loads which are determined by Westinghouse. These three
loadings are combined to calculate the total loading as a function of time. Infor-
mation must be exchanged between Fluor Pioneer and Westinghouse in order to assure
that the analysis is conservatively derived and that the limiting case brea. size and
location is identified. Consequently, we will require that this matter be addressed
by the utility applicant in its application for a construction permit referencing the
BOPSSAR design and that the exchange of information be properly integrated into Lhe
design of structures and component supports.

Fluor Pioneer has analyzed the consequences of inadvertent actuation of the contain-
ment spray svstem in the containment. The initial conditions of the containment
atmosphere were assumed to be 14.7 pounds per square inch absolute and 120 degrees
Fahrenheit. A1l six fan/coil heat removal units were assumed to be actuated, and the
spray water was assumed to be at its lowest temperature of 65 degrees Fahrenheit.
Vacuum relief valves will be provided, which are designed to open when & differential
pressure of 0.8 pounds per square inch occurs across them. Fluor Pioneer has calcu-
lated a maximum pressure differential of 0.91 pounds per square inch for this event.
Based on our review of Fluor Pioneer's method of analysis and assumptions of the
consequences of inadvertent actuation of the containment spray system, we conclude
that the containment vessel design pressure differential of 1.3 pounds per square
inch is acceptable.

Secondary Containment Functional Design

The secondary containment (shield building) will be a reinforced concrete structure
surrounding the steel containment vessel. The shield building annulus will be
divided into two regions, an active region and a passive region, which will collec-
tively have a net free volume of 1.56 miliion cubic feet. Following a postulated
loss of-coolant accident, the active and passive annulus cleanup systems, which are
independent subsysts . of the reactor building annulus heating, ventilation, air
conditioning, and cooling system, will maintain both annulus regions at a negative
pressure to assure the collection of any leakage from the containment.

The active and passive annulus cleanup systems will each consist of two independent,

100 percent capacity trains. The systems will be actuated by a safety injection
signal.



Fluor Pioneer has performed an analysis of the pressure response in both the active
and passive annulus regions following a postulated loss-of-coolant accident, Fluor
Pioneer calculated that a negative pressure of two inches of water gauge will be
established within 2.5 minutes in the passive annulus region and within 1.25 minutes
in the active annulus region. In the analysis, one of the two independent venti-
lation trains was conservatively assumed to be inoperabie. Based on our review of
Fluor Pioneer's analysis, we conclude that the analysis was performed in a conserva-
tive manner and is acceptable.

Fluor Pioneer has described the functional tests to be performed by a future utility
applicant, to periodically demonstrate that the system will be capable of achieving
the pressure transient predicted by the analysis.

Fluor Pioneer has identified potential leak paths from the containment vessel which
bypass the volumes treated by the active and passive annulus cleanup systems. The
poten ‘al bypass leak paths were determined using the guidelines of Branch Technica)l
Position CSB 6-3, "Determination of Bypass Leakage in Dual Containment Plants."
Based on our review, we conclude that the bypass leak paths have been correctly
identified. BOPSSAR will be designed to limit the total aliowable bypass leakage
rate to ten percent of the maximum allowable containment leakage rate. The bypass
leak paths will be designed to be tested in accordance with the requirements of

10 CFR Part 50, Appendix J for local (Type B and Type C) leak tests.

We reviewed the functional design of the secondary containment system and the pro-
posed periodic operability test program. Based on our review, we conclude that they

are acceptable.

6.2.3 Containment Heat Removal System

The containment heat removal system will include three redundant containment spray
trains. The system will reduce the containment pressure and temperature following a
postulated high energy line break accident. The containment spray system will serve
only as an engineered safety feature and will perform no normal operating function.

It wiil be a seismic Category ! system consisting of redundant heat exchangers,
piping, valves, pumps, and spray headers. All active components of the system will

be located outside the containment to facilitate maintenance operations. Protection
against internally generated missiles will be provided by direct shielding or physical
separation of equipment,

The containment spray pump recirculation intake in each of the containment emergency
sumps will be enclosed by a screen assembly to prevent the entry of debris which
could clog the spray nozzles. The protection screen assembly design is consistent
with the guidelines of Regulatory Guide 1.82, "Sumps for Emergency Core Cooling and
Containment Spray Systems."
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6.2.4

6.2.5

A containment pressure signal from the engineered safety features actuation system
will aytomatically actuate the containment spray system. The system design will
permit manual operation of pumps and valves from the control room. The spray will
initially take suction from the refueling water storage tank. When the tank reaches
a low level, a switchover from injection to recirculation will be initiated
automatically.

Sufficient net positive suction head will be available to the spray pumps for both
the injection and recirculation modes of operation. Fluor Pioneer’s evaluation of
the available net positive suction head is consistent with the guidelines of Regula-
tory Guide 1.1, "Net Positive Suction Head for Emergency Core Cooling and Contain-
ment Heat Removal System Pumps.”

Based on our review of the containment heat removal systems, we conclude that the
systems will be designed in accordance with the requirements of Criteria 38, 39, and

40 of the General Design Criteria, and are, therefore, acceptable.

Containment Air Cleanup System

The containment spray system will be used for fission product removal from the
containment atmosphere following a postulated loss-of-coolant ac~ident. To enhance
the iodine scrubbing effectiveness of the spray, sodium hydroxic® will be added to
the spray solution by tne spray tank and additive injection pump for each of the
three 50 percent capacity spray tanks. The system will be designed to maintain a
spray solution pH of between 8.5 and 11 under all modes of operation, including a
single active failure in the system or any of its support systems.

We calculated first order removal rate coefficients of 22 and 0.8 per hour for
elemental and particulate iodine respectively, in an effective volume of 96,000
cubic meters, which comprises 86 percent of the containment free volume. In the loss-
of-coolant accident dose calculations discussed in Section 15.0 »f this report,
however, we used the maximum elemental fodine removal rate coefficient « umpatible
with the plate-out assumptions of Regulatory Guide 1.4, i.e., ten per hour. The
elemental iodine removal effectiveness of the system was assumed to diminish after
the fnitial concentration of this form of iodine in the containment atmosphere has
been reduced by a factor of 100, The long term equilibrium pH of 8.5 assures that
this decontamination factor of 100 can be maintained. We evaluated this system and
find it will be effective for the removal of the elemental and particulate forms of
iodine and is, therefore, acceptable.

Containment Isolation System

The containment isolation system will be designed to automatically isolate the
containment atmosphere from the outside environment under postulated accident condi-

tions. Double barrier prutection, in the form of closed systems and isolation
valves, will be provided to assure that no single failure will result in the loss of
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6.2.6

containment integrity. The containment isolation provisions will be designed as
sefsmic Category | equipment and will be protected against potential missiles. The
Fluor Pioneer design of the containment isolaticn system will incorporate the pro-
visions for certain system lines and the isolation signals described in RESAR-41. We
reviewed tne interface requirements in RESAR-41 and conclude that they will be met by
the Fluor Pioneer design.

We reviewed the closure times for the isolation valves. Valve closure times are
established on the basis of minimizing the release of containment atmosphere to the
environment under accident conZi<*ions, to mitigate the offsite radiological conse-
quences, and to assure that the emergency core cooling system effectiveness is not
degraded by a reduction in containment backpressure. We conclude that the closure
times for the isolation valves are acceptable.

Our review of the containment isolation system also included a review of the functional
capability of the proposed containment purge system and the containment supply and
exhaust system, which will function to reduce airborne radiocactivity in the containment,
limit radiation exposure to operating personnel, and provide outside air to the
containment during extended periods of occupancy. The containment supply and exhaust
system will consist of a high capacity system and a low capacity system. The high
capacity system will be operated only during cold shutdown and refueling operations.
Therefore, the isolation valves in the high capacity system will be closed during all
other modes of plant operation.

The Tow capacity system will provide the purging capability of the containment
during normal plant operations. Fluor Pioneer has provided an analysis of the con-
sequences of a postulated loss-of-coolant accident while purging the containment
using the guidelines of Branch Technical Position CSB 6-4, "Contzinment Purging
During Normal Plant Operations.” In this analysis, Fluor Pioneer has assumed a five-
second closure time for the purge isolation valves. During the course of our
review, we requested Fluor Pioneer to modify the design of the containment purge
system to assure that valve closure will not be prevented by debris which could
potentially become entrained in the escaping air and steam following a postulated
pipe rupture. Fluor Pioneer has modified the proposed design to prevent debris from
entering the purge system. We reviewed the modification to the proposed design and
determined that the modification will prevent debris from entering the purge system.

Based on our review, we conclude that the design of the containment isolation system
conforms to Criteria 54, 55, 56, and 57 of the General Design Criteria and to the

recommendations of Regulatory Guide 1.11, and is, therefore, acceptable.

Combustible Gas Control System

Following a postulated loss-of-coolant accident, hydrogen may accumulate inside the
containment as a result of (1) chemical reaction between the fuel rod cladding and
the steam resulting from vaporization of emergency core cooling water, (2) corrosion
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of construction materials by the alkaline spray solution, and (3) radio’ytic decom-
position of the cooling water in the reactor core and the containment swps.

Redundant thermal hydrogen recombiner systems will be located outside the containment
and a backup purge system will be provided to mitigate the consequences of hydrogen
accumulation in the containment. Cach of the 100 percent capacity recombiners and
the backup purge system will be capable of processing the containment atmosphere at a
rate of 50 standard cubic feet per minute. The recombiner system will incorporate
several design features to assure the capability + .ne systems to remain operable in
the event of an accident. Among these are: (1) seismic Category I design, (2)
missile protection, and (3) redundancy to the extent that no single component failure
will disable both recombiner systems.

Redundant, permanently installed hydrogen analyzers will be provided that will be
capable of continuously monitoring the containment hydrogen concentration and operat-
ing independentiy of the hydrogen recombiners.

Two, 100 percent capacity dome r-ocirculation fans will provide mixing of the contain-
ment atmosphere to assure that localized concentrations of hydrogen will not occur.

Fluor Pioneer has performed an analysis of the post-accident production and accumu-
lation of hydrogen within the containment that is consistent with the guidelines of
Regulatory Guide 1.7, "Control of Combustible Gas Concentrations in Containment
Following a Loss of Coolant Accident,” and Branch Technical Position CSB 6-2, "Control
of Combustible Gas Concentrations in Containment Following Loss-of-Coolant Accident."
For the analycis, Fluor Pioneer assumed that five percent of the fuel cladding mass
reacted with steam instantaneously to produce hydrogen. The analysis indicates that
the hydrogen concentration in the containment will not reach the lower flammability
limit of four volume percent until about 26 days after a postulated loss-of-coolant
accident., However, hydrogen recombiner operation will be initiated before the lower
flammability limit is reached.

Our confirmatory analysis has verified the acceptability of the hydrogen generation
analysis presented by Fluor Pioneer, and the effectiveness . f the combustible gas
control systems to maintain the hydrcgen concentration in the containment within
acceptable limits.

The combustible gas control system will not be required to operate until a relatively
long period of time after a postulated loss-of-coolant accident. Therefore, Fluor
Pioneer has proposed sharing the combustible gas control equipment between units at

a site and between sites. We will require that utility applicants referencing
BOPSSAR provide assurance that the shared equipment can be transported to the affected
unit or site on an appropriate time scale and that the recombiners be tested to
assure transportability. In addition, we will require utility applicants to describe
the design and procedural provisions for sharing, periodic maintenance, and testing.
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with these requirements constitutes an acceptable basis for satisfying the require-
ments of Criteria 52, 53, and 54 of the General Design Criteria.

Emergency Core Cooling System

The design and analysis of the emergency core cooling system is not within the scope
of BOPSSAR, but is within the scope of RESAR-41. Our evaluation of the emergency
core cooling system described in RESAR-41 is presented in Section 6.3 of our RESAR-41
Safety Evaluation Report. However, certain balance-of-plant features do have a bearing
on the design of the emergency core cooling system., The BOPSSAR commitment to fully
satisfy Regulatory Guide 1.79, "Precperational Testing of Emergency Core Cooling
Systems for Pressurized Water Reactors,” requiremeuts for preoperational sump testing
is acceptable at the Preliminary Design Approval stage of our review. In additior,
certain aspects of the minimum containment pressure calculation as related to the
emergency core cooling system evaluation are within the scope of Fluor Pioreer as
discussed below.

Appendix K to 10 CFR Part 50 of the Commission's regulations requires that the
effect of operation of all installed pressure reducing systems and processes be
included in the emergency core cooling system evaluation.

For this evaluation, it is conservative to minimize the containment pressure since
this will increase the resistance to steam flow in the reactor coolant loops and
reduce the reflood rate in the core.

Following a postulated loss-of-coolant accident, the pressure in the containment
building will be increased by the addition of steam and water from the primary
reactor system to the containment atmosphere. After initial blowdown, heat transfer
from the core, primary metal structures, and steam generators to the emergency core
cooling system water, #ill produce additional steam. This steam, together with any
emergency core cooling system water spilled from the primary reactor system, will
flow through the postulated break and into the containment. This energy will be
released to the containment during both the blowdown and subsequent emergency core
cooling system operational phases; i.e., the reflood and post-reflood phases.

Energy removal will occur within the containment by several means. Steam conden-
sation on the containment walls and internal structures, which serve as passive
heat sinks, becomes effective early in the blowdown transient. Subsequently, the
operation of the containment heat removal systems such as containment sprays will
remove steam from the containment atmosphere. When the steam removal rate exceeds
the rate of steam addition from the primary system, the containment pressure will
decrease from its maximum value.

The emergency core cooling system containment pressure calculations were performed
for the RESAR-41 design on that application with the Westinghouse emergency core
cooling system evaluation model. As stated in Section 6.3.4 of our RESAR-41 Safety
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Evaluation Report, we have reviewed this model and concluded that it is acceptable
for the RESAR-41 emergency core cooling system evaluation. The minimum containment
pressure analysis for the RESAR-41 emergency core cooling system evaluation included
assumptions for the containment net free volume, passive heat sinks, and operation of
the containment heat removal system with regard to conservatism for the emergency
core cooling system analysis. The data for the passive heat sinks are conservative
in comparison with the recommendations in Branch Technical Position CSB €-1, "Minimum
Containment Pressure Model for PWR ECCS Performance Evaluation.”

We concluded, in Section 6,3.4 of the RESAR-41 Safety Evaluation Report, that the
plant-dependent input information for the minimum containment pressure analysis in
RESAR-41 15 reasonably conservative and that the analysis conforms with Appendix K
to 10 CFR Part 50 of the Conmission's regulations. We also concluded that each
woplicant referencing the RESAR-41 emergency core cooling system evaluation must
de. nstrate that the significant containment parameters for the balance-of-plant
design are conservative when compared with those used in RESAR-41,

Fluor Pioneer has determined that calculation of the minimum containment pressure
response using plant dependent input parameters for the BOPSSAR containment will
result in a lower pressure than that calculated by Westinghouse in RESAR-41,

We, therefore, conclude that the BOPSSAR design is not compatible with the emergency
core cooling system analysis provided in RESAR-41. The resolution of this matter
will require further analysis to verify the acceptability of the lower pressure

for the RESAR-41 design. Accordingly, we require that this matter be specivically
addressed by the utility applicant in its construction permit application. The
utility applicant will be required to provide the results of reevaluation of the
emergency core cooling system performance using containment pressure input informa-
tion which has been calculated using the plant dependent containment parameters for
the BOPSSAR design.

With regard to passive failures of fluid components of the emergency core cooling
system during long-term cooling while operating in the recirculation mode of oper-
ation, Westinghouse identified in RESAR-41 the failure of a pump seal as a postulated
failure. This postulated failure could result in the loss of core cooling water at a
rate of 50 gallons per minute. However, RESAR-41 does not include this item as a
design interface requirement for the balance-of-plant. Consequently, we requested
Fluor Pioneer to provide a design which will mitigate the consequences of such a
fatlure.

Fluor Pioneer has provided a design in BOPSSAR which will utilize sump pump level
alarms to alert the plant operator of rising water level in the safeguards area in

the event of leakage of core cooling water in this area as a consequence of a failed
fluid component. The design will also provide about 30 minutes of time for plant
operator action to isolate the failed component and thus terminate the leakage of
cooling water before any degradation occurs in the performance of the emergency core
cooling system. We reviewed the proposed design and determined that it is acceptable.
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6.4

Control Room Habitability

The emergency protection provisions of the control room related to the accidental
release of radioactivity or toxic gases are evaluated in this section. Relevant
portions of the control room atmosphere cleanup and control room ventilation system
are described here and are described and evaluated further in Sections 6.5.3 and 9.4
of this report.

Fluor Pioneer proposes to meet Criterion 19 of the General Design Criteria by use of
concrete shielding and by installing redundant 4000 cubic feet per minute emergency
air recirculation filter trains incorporating a charcoal filter having a two-inch
depth of charcoal and by installing redundant air pressurization and filtration trains.
The original design for pressurization of the control room was modified based on our
concern regarding insufficient pressurization of the control rcom during emergencies.
Fluor Pioneer corrected this deficiency by increasing the make-up rate from 150 cubic
feet per minute to 600 cubic feet per minute. Upon a safety injection signal or high
radiation detection at the outside air intakes, the control room will be automatical-
ly placed in the emergency mode. In this mode, the emergency filter train will be
placed into operation supplying 600 cubic per minute of filtered outside air to the
control room and 4000 cubic feet per minute of filtered recirculated air.

We calculated operator doses using assumed control room outside air intake location
and assumed site meteorology. The resultant doses after a postulated loss-of-coolant
accident were calculated and found to be below the guideline values. Fluor Pioneer
states that the inlet locations will be established based on site specific
considerations including meteorology. Final acceptability will be dependent upon
specific site meteorology and location of control room air intakes.

Control room habitability following a postulated toxic gas release s required to
ensure that operators can continue to fulfill their required functions. The BOPSSAR
design has considered all the guidelines contained in Regulatory Guides 1.78, "Assump-
tions for Evaluating the Habitability of a Nuclear Power Plant Control Room During a
Postulated Hazardous Chemical Release,” and 1.95, "Protection of Nuclear Power Plant
Control Room Operators Against an Accidental Chlorine Release,” related to toxic gas
protection. The plant is designed for protection against the release of chlorine.
Provisions such as quick acting chlorine detectors and self-contained breathing
apparatus will be provided.

The BOPSSAR desian has incorporated all the required elements for toxic gas protec-
tion, Final acceptability will be dependent upon the evaluation of the specific
sites to identify the toxic gases, if any, that according to the guidelines of
Regulatory Guide 1.78 require special protection provisions.
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Engineered Safety Features Filter Systems
Summary Description

The engineered safety feature filter systems for BOPSSAR will consist of process
equipment and instrumentation to control the release of radicactive materials in
gaseous effluents (radioactive iodine and particulate matter) following a design
basis accident. In the BOPSSAR design, three filtration systems are designed for
this purpose: the reactor building annulus cleanup system, the control room atmo-
sphere cleanup system, and fuel handling building atmosphere cleanup system.

Reactor Building Annulus Cleanup System

The function of the reactor building annulus cleanup system, which consists of the
active annulus cleanup system and passive annulus cleanup system, is to control the
release of radioactive materiais in gaseous effluents from the containment structure
following a postulated loss-of-coolant accident, The system will be designed to
maintain a partial vacuum of two inches water in the annulus atmosphere and all areas
contiguous to the containment structure following a postulated loss-of-coolant
accident, The system is a 100 percent redundant system.

Each redundant train will include the following sequential components: demister,
high efficiency particulate air filter, electric heater, two carbon adsorbers, a
second high efficiency particulate air filter, and fan. The equipment and components
will be designed to Quality Group C and seismic Category I requirements and will be
located in a seismic Category I structure. Following a loss-of-coolant accident,
both trains will be initiated on the receipt of a safety injection signal. Operater
action will be required to determine which filter train will remain in operation.

We conclude that the annulus cleanup system will be designed in accordance with the
quidelines of Regulatory Guide 1.52 and will be capable of controlling the release of
radicactive materials in gaseous effluents to the environment following a postulated
loss-of-coolant accident. We, therefore, €ind the system acceptable.

Control Room Atmosphere Cleanup System

The function of the control room atmosphere cleanup system is to supply nonradivactive
afr to the control room after a design basis accident and to maintain the control
room under positive pressure.

This will permit operating personnel to safely remain in the control room following
a design basis accident. Each train of the redundant system will have a design
capacity of 600 cubic feet per minute while operating in the emergency mode and will
include the following sequential components: electric air heater, air reheater,
prefilter, high efficiency particulate air filter, carbon adsorber, a second high
efficiency particulate air filter, and fan. The equipment and components will be




6.5.4

6.5.5

designed to Quality Group C and seismic Category | requirements and will be located
in a seismic Category | structure,

Following a postulated accident, the pressurization system will be automatically
initiated by a signal from redundant radiation monitors located in the inlet ducts,
or a signal from safety injection. The system may also be initiated manually.

We conclude that the syztem will be designed in accordance with the guidelines of Regula-
tory Guide 1.52 and will be capable of maintaining a suitable control room environ-

ment following a postulated loss-of-coclant or fuel handling accident. We, there-

fore, conclude that the system design 1s acceptable.

fuel Handling Building Atmosphere Cleanup System

The function of the fuel handling building atmosphere cleanup system is to control
the release of radioactive materials in gaseous effiuents from the fuel handling
building following a postulated fuel handling accident. The system will be designed
to maintain the building pressure slightly below atmospheric pressure.

The dual train system will include the following sequential components: demister,
prefilter, high efficiency particulate air filter, heater, carbon adsorber, a second
high efficiency particulate air filter, and fan. The equipment and components will

be designed to Quality Group C and seismic Category | requirements and will be

located in a seismic Category | structure. Following a postulated fuel handling
accident, the system will be initiated on a signal from the area radiation monitors
located in the fuel building exhaust air duct. The initiating signal will also

isolate the normal ventilation system exhaust. We conclude that the system design is

in accordance with the guidelines of Regulatory Guide 1.52 and, therefore, is acceptable.

Conclusions

OQur review of the atmosphere clearup systems included an evaluation of these systems
with respect to the guidelines of Regulatory Guide 1.52. We reviewed the system
descriptions and design criteria for the reactor building annulus cleanup system,
control room atmosphere cleanup system, and the fuel handling building atmosphere
cleanup system. The basis for acceptance in our review has been conformance of the
designs, design criteria, and design bases for the air filtration units to the
applicable regulations, guides, technical positions, and industry standards. Based
on our evaluation, we find the proposed reactor building annulus cleanup system,
control room atmosphere cleanup system, and fuel handling building atmosphere cleanup
system acceptable.







7.1

7.2

7.C INSTRUMENTATION AND CONTROLS

General

The BOPSSAR instrumentation and control systems have been reviewed utilizing the
Commission's General Design Criteria, standards of the Institute of Electrical and
Electronics Engineers (I1EEE) including IEEE Standard 279-1971, "Criteria for Protec-
tion Systems for Nuclear Power Generating Stations,” interface requirements resulting
from the review of RESAR-41, applicable regulatory guides, and applicable branch
technical positions as noted in Table 7-1 of the Standard Review Plan.

Reactor Trip System

The reactor trip system is within the scope of the RESAR-41 design except for the
following three reactor trip inputs which are within the BOPSSAR scope: (1) reactor
coolant pump underfrequency trip, (2) reactor coolant pump undervoltage trip, and (3)
turbine trip.

The reactor coolant pump underfrequency and undervltage trips are required for

reactor coolant system low flow protection as indicated in the RESAR-4) accident
analyses. MWestinghouse, in RESAR-41, states that the conformance of these two trips
with TEEE Standard 279-1971 and seismic criteria will be discussed in the preliminary
safety analysis report of a balance-of-plant design. In our RESAR-41 Safety Evaluation
Report, we required that any inputs of the reactor trip sy<tem, including those which
are outside the RESAR-41 scope, should not in any way result in a degradation of the
overall reactor trip system. We, therefore, required that the underfrequency and
undervoltage trip inputs, including the sensors, be designed to satisfy without
exception all requirements of IEEE Standard 279-1971,

Fluor Pioneer provided, at our request, additional information regarding the reactor
coolant pump underfrequency and undervoltage trips including the following: (1)
identification of all components within the Fluor Pioneer scope of supply which will
be used for these trips inputs, (2) design criteria for these components and associated
connections, and (3) a description of how these components and associated items will
be arranged to conform tn the design criteria, including their physical locations and
the routing of interconnecting wiring. We reviewed this additional information and
conclude that the proposed BOPSSAR design for the reactor coolant pump underfrequency
and undervoltage trip inputs are consistent with the interface requirements specified
in our RESAR-4) Safety Evaluation Report, satisfy the requirements of IEEE Standard
279-1971, and are, therefore, acceptable.
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1.3

7.3.1

We also reviewed the information provided in BOPSSAR concerning the turbine trip
input. Based on our review of this information, we conclude that the proposed
desian for the turbine trip input within the scope of BOPSSAR meets our requirements
a5 identified in Section 7.) of this report, including the RESAR-41 interface
requirements, and is, therefore, acceptable.

Engineered Safety Features Systems

Most of the engineered safety features actuation system, which automatically initi-
ates the engineered safety features systems and their auxiliary supportinag systems
or subsystems, are outside the BOPSSAR design scope. However, Fluor Pioneer has
provided in Section 7.3 of BOPSSAR supplemental information for those engineered
safety features systems and their supportino auxiliary systems that are within the
scope of BOPSSAR,

We reviewed the information contained in BOPSSAR concerning the enqgineered safety
features within the BOPSSAR scope. This review included functional logic diaqrams,
testing provisions, interface requirements, design criteria, and design bases, and
the analyses provided by Fluor Pioneer on the adequacy of these criteria and bases.
We conclude that the preliminary design of the instrumentation and controls associ-
ated with the engineered safety features systems and their auxiliary supporting
systems satisfies the requirements noted in Section 7.1 of this report and is
therefore, acceptable.

Containment Spray System

The containment spray system is an engineered safety features system which is
entirely within the scope of the BOPSSAR design. However, a major part of the
initiatino circuitry for this system is within the RESAR-41 scope of supply. The
system will serve as a containment heat removal system for containment depressur-
ization following a postulated loss-of-coolant accident and will be used to reduce
the airborne radiocactivity concentration of fission products inside containment
following postulated design bases accidents.

The containment spray system for the BOPSSAR design will be a three-train system
compatible with the RESAR-41 emergency core cooling system. The system will be
initfated automatically on a high-high-high containment pressure signal generated
by four pressure transmitters with a two-out-of-four legic and associated circuitry.
The system can also be initiated manually at the system level.

The changeover function from the injection mode to the recirculation mode will be
accomplished automatically when the refueling water storage tank level reaches a
level Tess than a low level setpoint. This signal will be generated by the RESAR-
41 scope equipment and the composite design for the electrical power, instrumen-
tation, and controls which will be provided to accomplish the changeover to the
recirculation mode will meet the requirements of IEEE Standards 279-1971 and
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308-1971, “Criteria for Class 1E Electric Systems for Nuclear Power Generating
Stations” and the interface requirements specified in RESAR-41,

We reviewed the design description of the containment spray system including the
chemical addition portion, functional logic diagrams, design bases, and the analysis
regarding the adequacy of these criteria and bases. We conclude that the instrumen-
tation and controls associated with the containment spray system will satisfy our
requirements identified in Section 7.1 of this report and are, therefore, acceptable.

Main Steam and Feedwater Isolation

The main steam and feedwater systems, except for the steam generators, selected
piping, and certain associated instrumentation and controls, are within the scope of
the BOPSSAR design. This includes the piping and valve arrangements as well as
certain actuation controls provided for isolation of selected feedlines following a
high energy line break.

The analysis of the rupture of a main steam line is presented in RESAR-41, where the
following interface requirements are identified: (1) the electrical instrumentation
and controls for the power-operated relief valves must be independent and designed
such that no single failure can cause opening of more than one power-operated relief
valve, (2) any single failure in the electrical instrumentation and controls for the
main steam isolation valves should not cause a failure of valves downstream of the
main steam isolation valves, and (3) failure in any single valve in either the upstream
or downstream side of the main steam isolation valves should not result in steam flow
in excess of the amount established in the RESAR-41 accident anmalysis.

Fluor Pioneer has incorporated in the BOPSSAR design these requirements regarding
single failure in the main steam system. Based on our review of the information
provided in BOPSSAR, we conclude that the proposed design of the electrical instru-
mentation and controls pertaining to the main steam system valves satisfies the
RESAR-41 interface requirements and, therefore, is acceptable.

To mitigate the consequences of a high energy line break, Westinghouse has taken
credit fu roper functioning of certain equipment and circuits, most of which are in
the scope of the BOPSSAR design. Fluor Pioneer has provided additional information
for the instrumentation and controls pertaining to the main feedwater system equip-
ment listed in Table 15.4-21 of RESAR-41. We require that the instrumentation and
controls for this equipment be desiyned to the requirements of 1EEE Standards 279-1971
and 308-1971. This equipment, as listed in Table 15.4-2] of RESAR-41, is identified
as (1) main feedwater control valves (trip close), (2) bypass feedwater control

valves (-rip close), (3) Circuits and/or equipment required to trip the main feedwater
pumps, and (4) main feedwater isolation valves (trip close).




7.3.3

The bypass feedwater control valves are not utilized in the BOPSSAR design. Also,
the BOPSSAR design does not utilize the main feedwater pump trip, since the main
feedwater control and isolation valves will provide redundant means for isolation of
feedwater flow to the steam generators during high energy pipe break accidents. For
isolation of steam generator blowdown through the feedwater line, the main feedwater
fsolation and check valves will provide redundant isolation means. Fluor Pioneer
originally stated that the requirements of IEEE Standard 308-1971 are not applicable
to the main feedwater control and isolation valves power supply since these valves
require no power for actuation (1.e., an absence of power condition causes these
valves to close and thus perform the isolation function). We determined that this
aspect of the feedwater isolation originally did not conform to the assumptions and
requirements stipulated by the high energy line rupture analysis in RESAR-41 and thus
we required that the power supply for these valves satisfy the requirements of I[EEE
Standard 308-1971. Subsequently, Fluor Pioneer provided additional information which
states that the power supply for these valves will conform to the requirements of
LEEE Standard 308-1971. Accordingly, we conclude that the instrumentation and
cortrols associated with the main steam and feedwater isolation functions will satisfy
the requirements identified in Section 7.1 of this report anc are, therefore,
acceptable,

Emergency Core Cooling System Interface Requirements

The emergenc, core cooling system is within the RESAR-41 scope. MHowever, the balance-
of-plant design will supply power to components in this system.

In the RESAR-41 design of the emergency core cooling system, nine manually-controlled,
motor-operated valves are fdentified that should not move from the'r normal alignment
during certain phases of a postulated loss-of-coolant accident, To meet cur concerns
with regard to spurious movement of these valves, Westinghouse, in RESAR-41, elected
to lock out the power to these valves. In responding to the interface requirements
fdentified by the staff in the RESAR-4) Safety Evaluation Report, Fluor Pioneer has
included the following design features with regard to these manually-controlled,
motor-operated valves: (1) the 480 volt powsr will be -emoved from the three high
head inject’on valves in the hot leg injection lines, three low head safety injection
valves in the hot leg injection lines, and the three accumulator isolation valves;
(2) the capability will be provided to restore the 480 volt power to the six hot leg
injection valves from the control room; and (3) redundant position indication will be
provided for all of the nine valves.

Based on our review of the information provided in BOPSSAR, we conclude that the
BOPSSAR electrical design meets the RESAR-41 interface requirements for lockout of

power to the nine motor-operated valves in the emergency core cooling system and is,
therefore, acceptable.
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7.3.4

Emergency Boration System

The emergency boration system is within the scope of the RISAR-4) design. However,
in order to maintain the fluid temperature iv the -mergency boration system within
the prescribed limits, RESAR-4]1 requires that the balance-of-plant design provide
100 percent redundant separate heat tracing systems for all piping, valves, and
flanges for the system. In the proposed BOPSSAR design, the power for the redundant
heat tracing system is to be supplied from the redundant engineered safety features
buses. A design requiring termination of redundant engineered safety features

power sources at single components like a common pipe or valve might compromise the
physical and electrical independence required between the plant redundant enginezred
safety features power sources, We, therefore, developed the following »4ditional
requirements during our review of the emergency boration system in RES -41 as dis-
cussed in Sectfon 7.3.3 of the RESAR-41 Safety Evaluation Report:

(1) The emergency boration system heat tracing requirements should be consistent
with the physical and electrical independernce requirements between redundant
engineered safety features power sources as discussed and recommended in
Regulatory Guide 1.75, "Physical Independence of Electric Systems."

(2) The temperature monitoring system for the emergency boration system should be
consistont with all the safety criteria implemented in the emergency boration
system itself,

With respect to our first requirement, Fluor Pioneer has documented in BOPSSAR that
the system will be disconnected by an accident signal from the Class IE system at
the time of an accident. Also, the minimum physical distance between redundant
Class IE systems as specified in IEEE Standard 384-1974 and augmented in Regulatory
Guide 1.75 will not be maintained in the emergency boration system redundant heat
tracing subsystems. We will require that an analysis be submitted by Fluor Pioneer
at the Final Design Approval stage of our review to estabiish that the actual
physical separation to be used between the redundant neat tracing systems is adequate
and will not compromise the independence of redundant Class IE systems and circuits
in the plant. We conclude that this design approach adopted in BOPSSAR is in
conformance with the provisions and requirements in Section 5.1.1.2 of IEEE Standard
384-1974 as augmented by Regulatory Guide 1.75 with regard to the establishment of

tha physical independence of redundant Class IE circuits and is. therefore, acceptable.

With respect to our second requirement . Fluor Pioneer has included in BOPSSAR
information concerning the temperature monitoring system for the emergency boration
system. This includes a commitment that a temperature monitoring system consistent
with all safety criteria delineaved for the emergency boration system in the

RESAR-41 Safety Evaluation Report will be supplied, and on this basis and on the
basis of our review, we conclude that the temperature monitoring system is acceptable.
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7.3.%

Auxiliary Feedwater System

The auxiliary feedwater system for the BOPSSAR design will consist of three motor-
operated pump trains and one steam turbine-driven pump train. Power for each motor-
driven pump train and its associated motor-operated valves will be supplied from a
separate emergency alternating current bus.

The turbine-driven pump train will contain @ motor-operated stop valve and a modulat-
ing valve in the steam line to the turbine. The pump discharge side will contain a
flow control valve and an isolation valve, The inadvertent closure of any of these
valves could negate the assumptions made in the loss of feedwater flow/10ss of all
alternating current power accident aralysis. In response to our concern in this
regard, Fiuor Pioneer provided the following explicit design criteria in BOPSSAR with
regard to the turbine-driven auxiliary feedwater train:

(1) The turbine-driven pump and its controls will not rely on any alternating
current power source and the turbine control system will be powered from the
Class It direct current power system.

(2) Each of the two alternating current motor-operated valves will be provided with
a valve position 1imit switch to the engineered safety featurcs bypass display
panel. Any departure from the fully open position of either vaive will be
automatically indicated on this panel. The monitoring system design satisfies
the recomsendations of Regulatory Guide 1.47, "Bypassed and Inoperable Status
Indication for Nuclear Power Plant Safety Systems."

{3) he closed position of these alternating current motor-operated valves will be
governed by the technical specifications which will be included in the final
safety analysis report for applications referencing the BOPSSAR design.

(4) The auxiliary feedwater flow requirements of RELAR-41 will be satisfied without
modulation of any alternating current powered vaive.

These provisions provide additional assurance that the auxiliary feedwater system will
perform its intended safety function.

The containment pressure analysis contained in Section 6.2 of BOPSSAR assumes that
the auxiliary feedwater flow path associated with the steam generator which has a
ruptured main steam line is isolated within ten minutes following a postulated steam
Jine break within containment. The BOPSSAR design originally providea only manual
means for isolating this flow path, relying on the control room operator to actuate
this protective action. Since this fsolation is assumed to occur within ten minutes
following this event, it was questionable if the operator could recognize and perform
the appropriate action within this limited time period. In response to this concern,
Fluor Pioneer submitted information which provides a commitment that this isolation
function will be accomplished automatically and that the design of the control and
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7.3.6

1.3.17

instrumentation for this isolation function will conform to the requirements of IEEE
Stancards 279-1971 and 308-1971,

With this commitment and based on our review, we conclude that the proposed design of
the electrical instrumentation and controls for the auxiliary feedwater system satisfies

the requirements identified in Section 7.1 of this report and is, therefore, acceptable.

Containment Hydrogen Control 5 stem

The containment hydrogen control system for the BOPSSAR design will consist of two
redundant, parallel, “ull capacity loops, each comprised of a suction header inside
the containment, & hydrogen recombiner, and hydrogen analyzer outside the contain-
ment, and interconnecting piping and test connections. Fluor Pioneer states that the
hydrogen recombiners are to be supplied by Atomics International and will be qualified
to meet the requ.rements of [EEE Standards 344-1975 and 323-1974. We conclude that
these commitments are acceptable.

Periodic Testing of Engineere Safety Features Systems

The periodic testing of those portions of the engineered safety features systems
within the BOPSSAR scope will be in conformance with the recommendations of Regulatory
Guide 1.22, "Periodic Testing of Protection System Actuation Functions.” Fluor
Pioneer has provided information in BOPSSAR which identifies six safety feature
components which will not be testable during normal reactor operations. These com-
ponents are the main steam isolation valves, feedwater isolation valves, component
cooling water containment isolation valves, instrument air containment isolation
check valve, makeup water containment isolation check valve, and main steam relief
valves. However, for the main steam and feedwater isolation valves, provisions will
be included in the design for periodic partial stroke testing during reduced power
operation. For the remaining components identified above, Fluor Pioneer has provided
the bases for exclusion from testing during normal reactor operation. The bases
stated are in conformance with the recommendations provided in Regulatory Guide 1.22.
Based on our review of the information provided, we conclude that the criteria for
the periodic testing of protection systems within the BOPSCAR scope satisfy the
requirements identified in Section 7.1 of this report and are, therefore, acceptable.

With regard to periodic testing of sensor response times, we will require a utility
applicant referencing the BOPSSAR design to submit in its application for an oper-
ating license a program for system and sensor response time testing of those portions
of the reactor trip system and the enyineered safety features systems that are
withiin the scope of BOPSSAR. The scope of this test program will include safety-
related systems and sensors within the scope of BOPSSAR, including the reactor
coolant pump undervoitage and underfrequency sensors. chlorine monitors, radiation
monitors, cad containment temperature sensors.



7.4

7.5

7.5}

Based on our review of the information provided, we conclude that the criteria for
pariodic testing of safety systems within the BOPSSAR scope with regard to response
time testing satisfy our requirements and are, therefore, acceptable, We will
review the adequacy of the test procedures for periodic response time testing

during the operating license stage review of any application referencing the BOPSSAR
design.

Systems Required for Safe Shutdown

fluor Pioneer has referenced the RESAR-41 Standard Safety Analysis Report for
information on systems required for safe shutdown. In addition, this information
has been supplemented by Fluor Pioneer to include additional information concerning
design provisions necessary for safe shutdown that are within the BOPSSAR scope of
supply. To meet the requirements of Criterion 19 of the General Design Crite ia,
the BOPSSAR design includes provisions to control and monitor vital functions
required for hot shutdown of the reactor from outside of the control room. A
remote shutdown panel located in the auxiliary building will be provided. This
panel will contain all the controls and indicators as required by RESAR-41. Fluor
Pioneer has identified in Table 7.4-1 of BOPSSAR all controls and indicators pro-
vided by the design. Additionally, controls and instrumentation for the auxiliary
feedwater system, atmospheric steam dump system, pressurizur backup heaters. and
boric acid transfer pumps will be provided on this panel. After hot shutdown
conditions have been achieved, a cold shutdown condition can be accomplished with
the controls and instrumentation provided on the remote panel and elsewhere through-
out the plant.

We reviewed the proposec electrical instrumentati -, and controls associated with
the systems required to achieve a safe shutdown condition of the plant from outside
the main control room. We conclude that the proposed design of these aspects
within the scope of BOPSSAR will conform to the requirements identified in Section
7.1 of this report and are, therefore, acceptable.

Safety-Related Display Instrumentation

The safety-related display instrumentation will provide the plant cperator with
information to enable the operator to perform appropriate manual safety functions
for post-accident and incident surveillance. We reviewed the safety-related display
i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>