NuScale Standard Plant

Design Certification Application

Chapter Six
Engineered Safety

Features

PART 2 -TIER 2

Revision 5
July 2020

©2020, NuScale Power LLC. All Rights Reserved

M

NUSCALE"

Power for all humankind




COPYRIGHT NOTICE

This document bears a NuScale Power, LLC, copyright notice. No right to disclose, use, or copy any of
the information in this document, other than by the U.S. Nuclear Regulatory Commission (NRC), is
authorized without the express, written permission of NuScale Power, LLC.

The NRC is permitted to make the number of copies of the information contained in these reports
needed for its internal use in connection with generic and plant-specific reviews and approvals, as well
as the issuance, denial, amendment, transfer, renewal, modification, suspension, revocation, or
violation of a license, permit, order, or regulation subject to the requirements of 10 CFR 2.390 regarding
restrictions on public disclosure to the extent such information has been identified as proprietary by
NuScale Power, LLC, copyright protection notwithstanding. Regarding nonproprietary versions of
these reports, the NRC is permitted to make the number of additional copies necessary to provide
copies for public viewing in appropriate docket files in public document rooms in Washington, DC, and
elsewhere as may be required by NRC regulations. Copies made by the NRC must include this copyright
notice in all instances and the proprietary notice if the original was identified as proprietary.




NuScale Final Safety Analysis Report Table of Contents

TABLE OF CONTENTS

CHAPTER 6 ENGINEERED SAFETY FEATURES........ccictiitetecesncesscscsacanans 6.1-1
6.1 Engineered Safety Feature Materials...........ccoviiiiiiiiiiiiieeciinnnnnens 6.1-1
6.1.1  MetallicMaterials. ........c.oniii et 6.1-1

6.1.2  Organic Materials. . ....ovuuie i i e e et e e 6.1-6

6.2 Containment SYStemMS. .. .oovttrrrrreeseeeerrssseesssscessssssesssssccsssanns 6.2-1
6.2.1 Containment Functional Design. ..........c.oviiiiiiiiiiiiii i, 6.2-1

6.2.2 ContainmentHeat Removal......... ..o 6.2-22

6.2.3  Secondary Containment Functional Design...............coiiiiiiiiient. 6.2-26

6.2.4 ContainmentIsolation System .........oiiiiiiiiiiin i 6.2-26

6.2.5 Combustible Gas Control in the ContainmentVessel........................ 6.2-45

6.2.6 ContainmentLeakage Testing. ......ccovvriiiiii it iiinenenn, 6.2-51

6.2.7 Fracture Prevention of ContainmentVessel...............coooiiiiiiiiiit, 6.2-58

6.2.8  REfEreNCeS ..ottt e 6.2-59

6.3 Emergency Core Cooling System. ......ccoviiiueereiiineeeecnensssscssnnscsons 6.3-1
6.3.1  DeSigN BasiS .. .vuiit et e e e 6.3-2

6.3.2  SYStEM DSIgN. .\ttt e e e 6.3-5

6.3.3  Performance Evaluations. ...........coouiiniiiniinii it 6.3-13

6.34 Testsand INSpections . ......c.ouiiiiiiiii i i e 6.3-18

6.3.5 Instrumentation Requirements. ..........coouiiiiiiiiiiii it 6.3-18

6.3.6  ReferenCes . ..ot e 6.3-19

6.4 Control Room Habitability ......ccciiiiiiiriiiiiiiiieeerrrsnrecsoscenssnnsns 6.4-1
6.4.1  DeSigN BasiS ..o vttt e e 6.4-1

6.4.2  SYStEM DSIgN. ..ttt e e e 6.4-2

6.4.3  System Operation ........o.uiuiii i e 6.4-5

6.44 Design Evaluation ...t e 6.4-6

6.4.5 Testingand INSPeCtioN.......c.iuitin it 6.4-9

6.4.6 Instrumentation Requirements. ...ttt e 6.4-9

6.4.7  ReferenCes .. ..ot e 6.4-9

6.5 Fission Product Removal and Control Systems.......ccoviieeernnnnecccscccnss 6.5-1
6.5.1 Engineered Safety Features Filter Systems ..., 6.5-1

6.5.2 Containment Spray SYStems . .....o.oiiiiii i e 6.5-1

6.5.3  Fission Product Control Systems ...........cuiuiiiiniiiiiiiiiieinenennn. 6.5-1

Tier 2 i Revision 5



NuScale Final Safety Analysis Report Table of Contents

TABLE OF CONTENTS

6.5.4 Ice Condenser as a Fission Product Cleanup System...............ccovvvnnnn.. 6.5-2
6.5.5  Pressure Suppression Pool as a Fission Product Cleanup System.............. 6.5-2
6.6 Inservice Inspection and Testing of Class 2 and 3 Systems and Components .... 6.6-1
6.6.1 Components Subject to Examination.............cooiiiiiiiiiiiii ... 6.6-2
6.6.2  ACCESSIDIlITY ..ttt e e 6.6-3
6.6.3 Examination Techniquesand Procedures.............cccoiiiiiiiiiinnnan... 6.6-4
6.6.4 InspectionIntervals. ... ... e 6.6-4
6.6.5 Examination Categories and Requirements.............coviiiiiiiiiiennnn.. 6.6-5
6.6.6 Evaluation of Examination Results. ..., 6.6-5
6.6.7 System Pressure Tests. ... ...t 6.6-5

6.6.8 Augmented Inservice Inspection to Protect Against Postulated Piping
Failures. . .o e 6.6-5
6.6.9  ReferenCes . ...t 6.6-6
6.7 Main Steamline Isolation Valve Leakage Control System (BWR)................ 6.7-1
Tier 2 ii Revision 5



NuScale Final Safety Analysis Report List of Tables
LIST OF TABLES

Table 6.1-1: Material Specifications for ESF Components. ..........covviiiiieiiineenenn.n. 6.1-7
Table 6.1-2: Material Specifications for CNV Related non-ESF Components................. 6.1-10
Table 6.1-3: Pressure Retaining Materials for RCPBand ESFValves ......................... 6.1-11
Table 6.2-1: Containment Design and Operating Parameters ...............covviiinenn... 6.2-61
Table 6.2-2: Containment Response AnalysisResults ..........cccoviiiiiiiii ., 6.2-62
Table 6.2-3: Containment Vessel Inspection Elements ...........c.coiiiiiiiii i, 6.2-63
Table 6.2-4: Containment Penetrations . ..........o.ouii i, 6.2-66
Table 6.2-5: Containment Isolation Valve Information ........... ..., 6.2-68
Table 6.2-6: Failure Modes and Effects Analysis Containment System ...................... 6.2-69
Table 6.2-7: Sequence of Events - Peak Containment Vessel Pressure Case ................. 6.2-71
Table 6.2-8: Sequence of Events - Peak Containment Vessel Temperature Case............. 6.2-72
Table 6.3-1: Emergency Core Cooling System ActuationValues..................coovnennt, 6.3-20
Table 6.3-2: Emergency Core Cooling System Valve and Actuator Design

and Operating Parameters ... ..ottt ettt 6.3-21
Table 6.3-3: Emergency Core Cooling System Failure Modes and Effects ................... 6.3-22
Table 6.3-4: Acceptance Criteria for Emergency Core Cooling System Performance......... 6.3-25
Table 6.4-1: Control Room Habitability System Design Parameters................covvuen.. 6.4-10
Table 6.4-2: Control Room Habitability System Air Bottle Design Parameters............... 6.4-11
Table 6.4-3: Main Control Room Temperature under Passive Cooling Conditions........... 6.4-12
Table 6.4-4: L@ T =13 1 Ve 6.4-13
Table 6.5-1: Containment Vessel Key Attributes ...........oooiiiiiiiiii it 6.5-3
Table 6.6-1: Examination Categoriesand Methods ............c.oo i, 6.6-7
Tier 2 iii Revision 5



NuScale Final Safety Analysis Report

List of Figures

LIST OF FIGURES

Figure 6.2-1: CoNtaiNmMENt SYSteM . ..\ttt e i e et e e e e 6.2-73
Figure 6.2-2a:  Containment Vessel Assembly. ... ... 6.2-74
Figure 6.2-2b:  Containment Vessel Assembly........ ... i 6.2-75
Figure 6.2-3a:  Containment Vessel Penetrations. ............vuiniiiiniiinniinnenannen. 6.2-76
Figure 6.2-3b:  Containment Vessel Penetrations. ..........coouviiiiiiniiiini it iiinenens. 6.2-77
Figure 6.2-4: Containment System Piping and Instrumentation Diagram.................... 6.2-78
Figure 6.2-5: Primary System Containment Isolation Valves Dual Valve, Single Body

7= [ | o PN 6.2-79
Figure 6.2-6a:  Main Steam Isolation Valve with Bypass Valve and Actuator Assembly ......... 6.2-80
Figure 6.2-6b:  Feedwater Isolation Valve with Nozzle Check Valve and Actuator

ASSEMDIY .o e e e e 6.2-81
Figure 6.2-7: Containment Isolation Valve Actuator Hydraulic Schematic.................... 6.2-82
Figure 6.2-8: Containment Isolation Valve Hydraulic Skid Schematic........................ 6.2-83
Figure 6.2-9: Maximum Containment Internal Pressure - Peak Containment Vessel

PrEsSUrE Case ettt e e 6.2-84
Figure 6.2-10:  Break and Emergency Core Cooling System Mass Release Rate - Peak

Containment Vessel Pressure Case. ....ovuvint i in i in it iiieiinennnn, 6.2-85
Figure 6.2-11:  Break and Emergency Core Cooling System Energy Release Rate -

Peak Containment Vessel Pressure Case ..........ouveiuininiinininenenenene. 6.2-86
Figure 6.2-12:  Maximum Containment Wall Temperature - Peak Containment Vessel

Temperature Case. . ...ttt e e e e 6.2-87
Figure 6.2-13:  Break and Emergency Core Cooling System Mass Release Rate - Peak

Containment Vessel Temperature Case ......ooveviiitiiiii i iieanenns 6.2-88
Figure 6.2-14:  Break and Emergency Core Cooling System Energy Release Rate -

Peak Containment Vessel Temperature Case.......vvvveviinriiinnninnnnennns 6.2-89
Figure 6.3-1: Emergency Core Cooling System ... ...t 6.3-26
Figure 6.3-2: Emergency Core Cooling System Operation............c.ooviiiiiiieninienen... 6.3-27
Figure 6.3-3: Emergency Core Cooling System Valve and Actuator Hydraulic

SCNEMATIC .t e 6.3-28
Figure 6.4-1: Control Room Habitability System Diagram ..........ccoviiiiiiiniiinnenens. 6.4-14
Figure 6.6-1: ASME Class Boundaries for NuScale Power Module Piping Systems ............ 6.6-10
Tier 2 iv Revision 5



NuScale Final Safety Analysis Report Engineered Safety Feature Materials

6.1

6.1.1

6.1.1.1

CHAPTER 6 ENGINEERED SAFETY FEATURES

Engineered Safety Feature Materials

Metallic Materials

This section provides information on engineered safety feature (ESF) component material
selection and fabrication methods and discusses compatibility with fluids that the
component may be exposed to during normal, accident, maintenance, and testing
conditions.

ESF system components are designed, fabricated, erected, and tested to quality standards
commensurate with the importance of their intended safety functions (GDC 1). NuScale ESF
systems include the containment system (CNTS), emergency core cooling system (ECCS),
and decay heat removal system (DHRS). Details of the ECCS and CNTS are described in
Sections 6.3 and 6.2, respectively. The DHRS is described in Subsection 5.4.3.

Material selection and fabrication methods ensure the ESF components are compatible
with the environmental conditions associated with normal operation, maintenance,
testing, and postulated accidents, including loss-of-coolant accidents. In addition, ESF
pressure-retaining components are fabricated of materials that have a low probability of
abnormal leakage, rapidly propagating failure, or gross rupture (non-brittle) considering
the design operational parameters (GDC 4, GDC 14, GDC 16, GDC 31, principal design
criteria 35 and 41, 10 CFR 50.55a, and Appendix B to 10 CFR Part 50, Criteria IX and XIII).
Further details of code and regulatory applicability are provided in Chapter 3.

This section also provides information on materials within the CNV that are associated with
non-ESF systems. As depicted by Figure 6.2-4, the reactor coolant system (RCS), steam
generator system (SGS) and control rod drive system (CRDS) have lines inside the CNV. The
materials for these systems are selected and fabricated to be compatible with the
environmental conditions associated with normal operation and postulated accidents
within the CNV, including those that expose the components to reactor coolant water
chemistry.

Material Selection and Fabrication

ESF components have a design life of 60 years and are constructed using materials
permitted by ASME BPVC, Section lll, Division 1 with proven experience in light water
reactor environments. Table 6.1-1, Material Specifications for ESF Components,
provides a list of the components, their material grade, and material type. The ESF
pressure boundary materials, including weld materials, and associated supports
conform to the fabrication, construction, and testing requirements of ASME BPVC,
Sections Il and lll and meet the requirements of NB-2000, NC-2000 or NF-2000. These
materials are compatible with the coolant system fluids and their selection is consistent
with Parts A, B, and C of ASME BPVC, Section Il and Appendix | to ASME BPVC, Section llI.

The design, fabrication, and materials of construction of the CNV includes sufficient
margin to provide reasonable assurance that the CNV pressure boundary will not

Tier 2
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undergo brittle fracture, and the probability of a rapidly propagating fracture is
minimized, under operating, maintenance, testing, and postulated accident conditions
for the 60 year design life. Code Case N-759-2 is used for both the RPV and the CNV (See
Section 5.2).

Materials used in regions of the CNV subjected to neutron irradiation are selected for
their resistance to neutron embrittlement over the design life of the plant. Austenitic
stainless steel demonstrates good resistance to neutron embrittlement when exposed

to neutron fluence levels below 1E19 n/cm? for energies greater than 1 MeV.

The core region of the CNV, which has a 60-year design life peak fluence of less than

1E19 n/cm? (>1MeV), is fabricated from austenitic stainless steel. Additional CNV
design detail is provided in Section 6.2.1.

The fracture toughness properties of the ferritic pressure retaining ESF components
and associated supports comply with the requirements of ASME BPVC, Section Il
Subsections NB-2300, NC-2300 and NF-2300.

The use of austenitic stainless steel in the systems that may be exposed to reactor
coolant is a common practice in currently operating nuclear power plants to address
material corrosion. Operating plant experience shows that there is minimal
degradation of these components.

The upper shell, top head and associated supports of the CNV are fabricated from low
alloy steel. The lower shell, bottom head and associated supports are fabricated from
solution annealed austenitic stainless steel forgings. All inner and outer surfaces of the
CNV low alloy steel, including the low alloy steel welds are clad with low carbon grade
stainless steel. Unstabilized Type 3XX series austenitic stainless steel materials meet the
requirements of RG 1.44.

The passive skirt support, support skirt ring and support skirt are made of SA-965 [or
SA-182], Grade F304/304L. The lower shell and bottom head components are made of
SA-965, Grade FXM-19. SA-965, Grade FXM-19 material is provided in the solution
annealed condition. For welds between SA-965, Grade FXM-19 components, E209 or
ER209 is used.

The cladding applied to the interior surface of the low alloy steel consists of at least one
layer of Type 309L austenitic stainless steel.

The cladding applied to the CNV exterior surface of the low alloy steel consists of at
least two layers of austenitic stainless steel. The first layer consists of Type 309L
stainless steel and the subsequent layers are Type 308L stainless steel. The
through-bolt holes on the CNV upper main assembly closure flange are also clad with a
first layer of Type 309L stainless steel followed by a subsequent layer of Type 308L
stainless steel.

To avoid cracking of the base material, the stainless steel weld overlay cladding process
conforms to the guidelines of RG 1.43 and the underlying low alloy steel satisfies fine
grain requirements. The weld cladding processes are qualified in accordance with

Tier 2
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ASME Code Section Ill, Subsection NB-4300 and the low-alloy steel forgings that have
cladding applied are manufactured to an ASTM grain size of 5 or finer. Electroslag
welding is not used other than for austenitic stainless steel cladding of low-alloy steel.

Implementation of RG 1.44 guidelines minimizes the potential for stainless steel
intergranular stress corrosion cracking. Prior to fabrication, unstabilized austenitic
stainless steel of the AISI Type 3XX series is solution treated per the guidance of

RG 1.44, which describes acceptable criteria for preventing intergranular corrosion of
stainless steel components. Where austenitic stainless steel materials are subjected to
sensitizing temperatures for greater than 60 minutes during post weld heat treatment,
non-sensitization of the materials is verified by testing in accordance with ASTM A262,
Practice A or E. Furnace-sensitized austenitic stainless steel is not used in NuScale ESF
components.

Delta ferrite content of stainless steel weld filler material conforms to the guidelines
stipulated in ASME BPVC, Section lll, Subsections NB-2433, NC-2433 or NF-2433 and
RG 1.31 to ensure sufficient ferrite content to avoid microfissures in welds, offset
dilution and reduce thermal aging. The delta ferrite content in stainless steel weld
metal is controlled between ferrite number 5 and 20. Ni-Cr-Fe filler metals used for
Alloy 690 to low alloy material welds are made with Alloy 52/152/52M filler metal to
provide a high level of corrosion resistance.

The guidelines of RG 1.31 or ASME BPVC, Section lll, Subsection NB-2433 for
determining the delta ferrite of stainless steel welds do not apply to the filler materials
used for depositing cladding because the cladding is deposited as a corrosion resistant
layer and does not have a structural function. The delta ferrite content in the austenitic
stainless steel weld cladding is controlled between ferrite number 5 and 20.

The chemical composition of low-alloy steel filler metals used for the ESF components
meets the requirements of the ASME BPVC, Section |l material specifications. The weld
metal filler metals are listed in Table 6.1-1.

Pressure retaining bolting and stud materials (studs, nuts and flat washers) used in ESF
systems are fabricated of corrosion resistant alloys; SB-637, Alloy 718 (UNS N07718) for
connection of the upper and lower CNV shell flanges, top head and reactor pressure
vessel (RPV) to CNV support ledge shell; and, SA-564, Grade 630, Condition H1100 for
CNV appurtenance flanges, and manways and inspection or access ports. These bolting
and stud materials are consistent with ASME BPVC, Section lll, Subsection NB-2128 and
are inspected to the requirements of NB-2580. In addition, the Alloy 718 heat treatment
requirements discussed in Section 3.13.1.1 are applied to the Alloy 718 CNV main
closure flange studs.

Threaded inserts for CNV bolting are fabricated of corrosion resistant alloy SA-479,
Type 304/304L.

To minimize the potential for stress corrosion cracking, cold-working of austenitic
stainless steel surfaces from abrasive work, such as grinding or wire brushing, is
minimized. When abrasive work is required, the tools are controlled to ensure that
ferritic carbon steel contaminants are not introduced. The use of cold worked
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6.1.1.2

austenitic stainless steel is avoided. If cold work is used, the yield strength as
determined by the 0.2 percent offset method is limited to 90 ksi maximum.

Thermal insulation (metallic or non-metallic) is not used inside the CNV. Insulation used
for the exterior upper CNV head above the reactor pool water level is reflective metallic
insulation. The use of fibrous materials is not permitted.

The qualification of welders for making welds in areas where access is limited, and the
methods for monitoring and certifying such welds, is in accordance with RG 1.71.
Procedure qualification records and welding procedure specifications, including
preheat temperatures, for welding low-alloy steel comply with the guidance in RG 1.50.
Preheat temperatures also comply with the recommendations of ASME Section llI,
Appendix D, Article D-1000. Moisture controls for low-hydrogen welding materials
comply with the guidelines in Section Il of the ASME BPVC.

Cleanliness controls for fabrication, pre-operational and during the operational phases
meet and satisfy the applicable requirements of ASME NQA-1.

Controls established for special processes such as welding, heat treating and
non-destructive testing of the CNV and ESF materials satisfy the applicable
requirements of 10 CFR 50, Appendix B Criterion IX.

Controls established for the handling, storage, shipping, cleaning and preservation of
CNV and ESF materials and equipment to prevent damage or deterioration meets the
applicable requirements of 10 CFR 50, Appendix B Criterion XIIl. Regulatory Guide 1.28,
Revision 4 provides quality assurance criteria for cleaning fluid systems and associated
components that comply with 10 CFR 50, Appendix B. The design for threaded
fasteners meets the cleaning criteria in RG. 1.28.

Composition and Compatibility of Core Cooling Coolants

The CNTS includes the CNV and containment isolation valves. This section addresses
the compatibility of the CNV and pressure retaining portion of the containment
isolation valves in supporting the ESF function and also the portions of the additional
non-ESF functional systems (CFDS, CVCS, MS, FW and RCCWS) that penetrate the CNV
boundary and become part of the RCS, CNTS, SGS, and CRDS inside the CNV.

The ECCS function includes three reactor vent valves (RVVs) attached to the reactor
vessel head and two reactor recirculation valves (RRVs) that are attached to the reactor
vessel shell with associated remote solenoid trip and reset actuators (connected by
hydraulic line) attached to the exterior of the CNV upper shell. The RVVs, RRVs, and their
hydraulic lines are intermittently covered by RCS/reactor pool water during periodic
shutdown/cooldown/refueling operations and during ECCS operation. The actuator
assemblies for the RVVs and RRVs are normally immersed in the reactor pool. The ECCS
RVVs, RRVs, their actuators, and the connecting hydraulic lines are designed to be
compatible with the RCS chemistry that would be present under LOCA conditions or
intermittent exposure to reactor pool water. A more detailed discussion and
description of the ECCS is provided in Section 6.3.

Tier 2
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The DHRS consists of two redundant trains, each including a passive condenser with
piping. With the exception of some portions of the steam side piping, the DHRS is
immersed within the reactor pool. The DHRS piping including the portion that
penetrates the CNV boundary is designed to ASME Class 2 criteria. The DHRS piping
material internal and external to the CNV is selected to be compatible with the
secondary fluid in contact with the DHRS components and with borated water present
in the reactor coolant system and the reactor pool. A more detailed discussion and
description of the DHRS is provided in Section 5.4.

Over the life of the plant, the interior and exterior surfaces of ESF components, with the
exception of the CNV head exterior, and the non-ESF piping and components within
the CNV are routinely exposed to borated reactor coolant or borated reactor pool
water. The CNV is partially immersed and DHRS condensers as well as the ECCS valve
actuator assemblies are submerged in the reactor pool.

Socket welds are not used on lines greater than or equal to 3/4 inch NPS in Table 6.1-1
and any socket weld used on piping less than 3/4 inch NPS conforms to

10 CFR 50.55a(b)(1)(ii) and ASME B16.11. Socket welds are not used for piping in
Table 6.1-2, including piping of NPS 2 or less in size.

During normal power operations the interior environment of the CNV is maintained
dry, at a partial vacuum. The CNV is partially flooded with reactor pool water during
cooldown prior to the movement of an NPM for refueling operations.

Emergency core cooling for the NuScale plant is facilitated by the reactor coolant
discharged into the CNV. Reactor coolant chemistry is maintained consistent with the
guidance found in the EPRI PWR Primary Water Chemistry Guidelines. As a result,
during transients or accidents that result in reactor coolant discharge into the CNV,
interior components are exposed to the same chemistry controlled coolant that is used
in day- to-day operations. ESF component materials that are exposed to primary
reactor coolant (internally or externally) are selected to be compatible with reactor
coolant chemistry and the NuScale design prohibits the use of materials within the CNV
that could significantly alter post-accident coolant chemistry. Additional information
on reactor coolant water chemistry is located in Section 5.2.3.

The materials for ESF components that are partially immersed within the reactor pool
are selected to be compatible with the reactor pool chemistry conditions maintained in
the pool. No significant corrosion is expected based on the purity of the reactor pool
water outside of the CNV. Section 9.1.3 describes operation of the pool cleanup system
that maintains reactor pool water chemistry within the expected range of values
shown on Table 9.1.3-2. A corrosion allowance is not included for ESF materials
exposed to process fluids or reactor pool chemistry.

Piping, supports and components associated with CFDS and located in the CNV interior
but defined as part of the CNTS are designed to be compatible with the reactor coolant
chemistry that would be present under operation of ECCS conditions. The CNTS piping,
fittings, pipe supports and components are constructed of austenitic stainless steel
Type 304/304L with a carbon content not exceeding 0.03 percent to mitigate
intergranular attack and are ASME Class 2 components. Non-ESF components in the
CNV are listed in Table 6.1-2.
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6.1.2

Piping, supports, and components associated with the functional systems that
communicate through the CNV boundary and defined RCS or SGS are designed to be
compatible with the reactor coolant chemistry that would be present under ECCS
operation conditions. The RCS and SGS piping, fittings, pipe supports and components
interior to the CNV are constructed of austenitic stainless steel Type 304/304L with a
carbon content not exceeding 0.03 percent to mitigate intergranular attack and are
designed to ASME Class 1 or Class 2 criteria as appropriate for the associated functional
system. Non-ESF components in the CNV are listed in Table 6.1-2. Vendor supplied
material supports conform to the fabrication, construction, and testing requirements of
ASME BPVC, Sections Il and lll and are compatible with the coolant system fluids.

No materials, paint or coatings are used within the NuScale CNV that contribute to
corrosion related hydrogen production or alters post-LOCA coolant chemistry to
enhance stress corrosion cracking of austenitic stainless steel.

Organic Materials

Protective coatings are not permitted on the inside or outside surface of the CNV, or on any
other ESF or non-ESF system components located within the CNV.

Cabling that runs through the CNV is unpainted corrosion resistant, seamless construction,
type 304L, stainless steel jacketed, mineral (silicon dioxide) insulated cabling. The cable
material is designed free of organic material in the insulation and sheath.
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Table 6.1-1: Material Specifications for ESF Components

Component | Material/Grade/Type3
[CNTS Inside Containment
Piping SA-312, Grade TP304/TP304L
Supports SA-182, Grade F304/F304L
CNV Lower Shell Assembly
CNV Lower Flange SA-965, FXM-19

CNV Lower Transition Shell
CNV Lower (Core Region) Shell
CNV Bottom Head

Upper/Lower Shell Flange Studs, nuts, and bolts SB-637, UNS N077182
CNV Upper Shell Assembly
CNV Upper Flange SA-508, Grade 3, Class 2

CNV RPV Support Ledge Shell
CNV Steam Plenum Access Shell

CNV Upper Shell

CNV Support Lugs

Set Screws SA-193, Grade B8,Class 1
Hex Nuts

Threaded Inserts SA-479 Type 304/304L
SG Inspection Port (CNV27 -CNV30); PZR Heater Access Port SA-637, UNS-N077182
(CNV31 and CNV32); and Manway (CNV26) Cover studs, nuts and

washers

PZR Heater Access (CNV31-CNV32); Manway (CNV26) and SA-240, Type 304/304L
SG Inspection Port (CNV27-CNV30) Covers

Leak Port Tube SA-213, Grade TP316L

CNV Upper Shell Penetrations: DHRS Nozzles (CNV22 and CNV23); (SA-508, Grade 3, Class 2
Manway (CNV26); SG Inspection Port (CNV27-CNV30); PZR Heater
Access Port (CNV31 and CNV32); RVV Trip/Reset Nozzles (CNV33,
CNV34 and CNV40); RRV Trip/Reset Nozzles (CNV35 and CNV36)
and RVV Trip Nozzle (CNV41)

Hex Head Bolts Hex Head, Flat Washers, Nuts for the RPV Support (sg-637 UNS N077182
Lug Shell

CNV Head Assembly

CRDM Power (CNV37); Instrument Port (CNV8, CNV9, CNV17- SA-564, Grade 630, Condition H1100
CNV20, CNV38 and CNV39); PZR Heater Power (CNV15 and CNV
16); CRDM Access Opening (CNV25) and Head Manway (CNV24)
Cover studs, nuts and washers

Inspection Ports and Manway Cover Threaded Inserts

Vessel Alignment Pin Threaded Insert SA-479, Type 304/304L
Set Screws SA-193, Grade B8, Class 1
CNV Top Head and Top Head Nozzles: SA-508, Grade 3, Class 2

FWS (CNV1 and CNV2); MSS (CNV3 and CNV4); CRDS Return and
Supply (CNV5 and CNV12); CES (CNV10); CVCS (CNV6, CNV7, and
CNV13); RCS High Point Degasification (CNV14) and CFDS (CNV11)

CRDM Access Opening Cover (CNV25) SA-182, Grade F304/F304L

CNV Head Manway Blind Flange (CNV24) SA-240, Type 304/304L
CRDM Access Opening Cover Lifting Lugs,
PZR Heater Power (CNV15 and CNV16) and
CRDM Power Blind Flange (CNV 37)

Division 1& 2 (CNV8 and CNV9); Group A-D (CNV17-CNV20); RPI  |SA-240, Type 304/304L
Group 1 and Group 2 (CNV38 and CNV39) Electrical Penetration
Blind Flanges
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Table 6.1-1: Material Specifications for ESF Components (Continued)

Component | Material/Grade/Type>

[CNV Nozzle Safe Ends

RCCWS (internal), CES, CFDS (internal), CVCS PZR Spray (internal), |SB-166 UNS N06690
CVCS letdown (internal), CVCS makeup (internal), RPV high point
degasification (internal)

DHRS (internal and external), ECCS Trip/Reset (external), ECCS Trip |SB-166, UNS N06690
(external)

FWS (internal and external), MSS (internal and external) SB-166 or SB-167 UNS N06690%
RCCWS (external), CFDS (external), CVCS PZR Spray (external),
CVCS letdown (external), CVCS makeup (external), RPV high point
degasification (external)

CNV Supports
CNV Support Skirt and CNV Support Skirt Ring SA-182 or SA-965, Grade F304/304L
RPV Ledge Bolts, Nuts, and Flat Washers SB-637 (Note 2), UNS N07718
RPV Support Ledge and Gussets SA-533, Type B, Class 2
NPM Platform Mount Assemblies SA-508, Grade 3, Class 2
Weld Filler
Low alloy steel weld filler SFA-5.5, SFA-5.23, SFA-5.28 or SFA-5.29
Austenitic SS weld filler SFA-5.4:  E209, E308, E308L, E309, E309L, E316,

E316L
SFA-5.9:  ER209, ER308, ER308L, ER309, ER309L,
ER316, ER316L, EQ308L, EQ309L
SFA-5.22: E308, E308L, E309, E309L, E316, E316L

Nickel Based (Ni-Cr-Fe) alloy weld filler SFA-5.11: ENiCrFe-7
SFA-5.14: ERNiCrFe-7, ERNiCrFe-7A

Stainless Steel Weld Filler for Cladding on low alloy Steel Base SFA-5.4:  E308L, E309L

Metal’ SFA-5.9:  ER308L, ER309L, EQ308L, EQ309L
SFA-5.22: E308L, E309L
Containment Isolation Valves See Table 6.1-3
DHRS
Steam and Condensate Piping SA-312,TP304/304L
Condenser Tubing and Header Pipes SA-182, Grade F304/F304L
Actuator Valves See Table 6.1-3
Steam Supply Piping Elbows and Tees SA-182, Grade F304/F304L
Condenser Weldolets
Steam Supply Side Pipe Clamp SA-240, Type 304/304L
Condenser Manifold Brackets and Retaining Bar SA-182, Grade F304/F304L
Condenser Fittings (Elbows, Tees, Caps, Reducers) SA-403, WP304/304L
Condenser Bolts SA-193, Grade B8M
Condenser Washers 304 SST
Weld Filler Material’ SFA-5.4, E308, E308L, E316, E316L
SFA 5.9, ER308, ER308L, ER316, ER316L
ECCS
Supports SA-479, Type 304/304L

SA-193, Grade B8M

Reactor Vent (RVV) and Recirculation (RRV) Valves (Valve Body)  |See Table 6.1-3

RVV and RRV Bolts and Nuts See Table 6.1-3

Valve Actuator Manifold Assembly (Trip and Reset) See Table 6.1-3

Hydraulic Actuator Tubing SA-213, Grade TP304/TP304L
Actuator Tubing Reducers and Tees SA-182, Grade TP304/304L
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Table 6.1-1: Material Specifications for ESF Components (Continued)

Component Material/Grade/Type3
Weld Fillor Materrall SFA54:  E308, E308L, £309, E300L, E316, E316L
SFA-5.9:  ER308, ER308L, E309, E309L, ER316,
ER316L

Note:
1)  Carbon content of unstabilized Type 3XX weld-filler materials is restricted to 0.03 percent maximum.
2) Solution treatment temperature range prior to precipitation hardening treatment is restricted to 1800 °F

to 1850 °F.

3) When the material is designated as Type or Grade 304/304L, this refers to dual-certified stainless steel
material.

4) Safe ends larger than 5 inches using SB-167 UNS N06690 material meet ASME BPVC, 2015 edition,
Section Il.
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Table 6.1-2: Material Specifications for CNV Related non-ESF Components

Component |Material/Grade/Type'
CNTS outside containment
Piping SA-312, Grade TP304/304L

SA-182, Grade F304/F304L

Piping Supports and Guides (flat plates, supports and rotational |SA-240, Type 304/304L

restraint) SA-479, Type 304/304L
Coupler SA-182, Grade F304/F304L
Reactor Coolant System See Table 5.2-4
Control Rod Drive System
Piping SA-312, Grade TP304/304L
Supports (brackets and bolts) SA-479, Type 304/304L
Nozzle fittings, pipe caps, reducers, flange weld neck SA-182, Grade F304/F304L
Flex hose TP316L stainless steel
Steam Generator System See Table 5.2-4
Weld Filler Materials See Table 5.2-4

(stainless steel to be compatible with base material)

Instrumentation

Sensor Line Tubing SA-312, Grade Type 316L SMLS
Instrument Enclosure (Base and Cover) SA-182, Grade F304/F304L
Swageloks SS304
Nuts and Studs A479-74, Grade XM-19
Flat Washers SA-240, Type 304
Sensor Cabling (Sheath) TP304L Stainless Steel
Alignment Pins
CNV Vessel Alignment Pins and Threaded Inserts |SA-479, Type 304/304L
Note:
1) When the material is designated as Type or Grade 304/304L, this refers to dual-certified stainless steel
material.
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Table 6.1-3: Pressure Retaining Materials for RCPB and ESF Valves

Bodies SA-182 (Note 1) Grade F304, F304L, F304LN, F316, F316L, F316LN
SA-351 (Note 2) Grade CF3, CF3A, CF3M, CF8, CF8A, CF8M
SA-479 (Note 1) Type 304, 304L, 304LN, 316, 316L, 316LN

Bonnets SA-182 (Note 1) Grade F304, F304L, F304LN, F316, F316L, F316LN
SA-240 (Note 1) Type 304, 304L, 304LN, 316, 316L, 316LN
SA-351 (Note 2) Grade CF3, CF3A, CF3M, CF8, CF8A, CF8M
SA-479 (Note 1) Type 304, 304L, 304LN, 316, 316L, 316LN

Discs SA-182 (Note 1) Grade F304, F304L, F304LN, F316, F316L, F316LN
SA-351 (Note 2) Grade CF3, CF3A, CF3M, CF8, CF8A, CF8M
SA-479 (Note 1) Type 304, 304L, 304LN, 316, 316L, 316LN, XM-19
SA-564 Type 630 Condition H1100 or H1150
SB-637 UNS NO7718

Stems SA-479 (Note 1) Type 304, 304L, 304LN, 316, 316L, 316LN, XM-19

SA-564

Type 630 Condition H1100 or H1150

SB-637

UNS NO7718

Pressure Retaining Studs, Bolts, and Screws

SA-193 (Note 3)

Grade B8, B8A, B8M, BSMA, B8R, BS8RA, B8S, B8SA

SA-453 (Note 4)

Grade 660 Class A or B

SA-564

Type 630 Condition H1100

SB-637 (Note 5)

UNS NO7718

Pressure Retaining Nuts

SA-193 (Note 3)

Grade B8, B8A, B8M, BSMA, B8R, BSRA, B8S, B8SA

SA-194

Grade 8, 8A, 8M, 8MA, 8R, 8RA, 8S, 8SA

SA-453 (Note 4) Grade 660 Class A or B
SA-564 Type 630 Condition H1100
SB-637 (Note 5) UNS N07718

Filler Metals for Pressure Retaining Welds

SFA-5.4 (Note 6)

E308, E308L, E309, E309L, E316, E316L

SFA-5.9 (Note 6)

ER308, ER308L, E309, E309L, ER316, ER316L

1. Carbon is limited to 0.03 percent maximum for unstablized Type 3XX that are welded or exposed to temperature range
between 800 °F and 1500 °F subsequent to final solution anneal.

2. Carbon is limited to 0.03 percent maximum. Delta ferrite is limited to 20 percent maximum, except to 14 percent

maximum for CF3M and CF8M.

B8A, BBMA, B8R, and B8RA can only be used for Class 1 valves.

SA-453 Grade 660 is not used for pressure-retaining bolting exposed to RCS or pool water during operation or refuel.

Solution treatment temperature range prior to precipitation hardening treatment is restricted to 1800 °F to 1850 °F.

Carbon is limited to 0.03 percent maximum. The ferrite number is in the range of 5FN to 20FN except Type 316 and Type

316L are in the range of 5FN to 16FN.

o hAw
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6.2 Containment Systems

6.2.1

6.2.1.1

6.2.1.1.1

Containment Functional Design

The containment is an integral part of the NuScale Power Module (NPM) and provides
primary containment for the reactor coolant system (RCS). The NuScale containment
system (CNTS) includes the containment vessel (CNV), CNV supports, containment isolation
valves (ClIVs), passive containment isolation barriers, and containment instruments. (See
Figure 6.2-1)

Containment Structure

Design Bases

The CNV is an evacuated pressure vessel fabricated from a combination of low alloy
steel and austenitic stainless steel that houses, supports, and protects the reactor
pressure vessel (RPV) from external hazards and provides a barrier to the release of
fission products. The CNV is maintained partially immersed in a below grade,
borated-water filled, stainless steel lined, reinforced concrete pool to facilitate heat
removal. The CNV is an American Society of Mechanical Engineers (ASME) Boiler
and Pressure Vessel Code (BPVC) Class MC (steel) containment that is designed,
analyzed, fabricated, inspected, tested and stamped as an ASME Code Class 1
pressure vessel.

The CNTS, including the CNV, CIVs, and passive isolation barriers (refer to

Section 6.2.4), provide a barrier that can accommodate, without exceeding the
design leakage rate and with sufficient margin, the calculated pressure and
temperature conditions resulting from any LOCA (General Design Criterion (GDC)
50). As a minimum, pressure retaining components that comprise the CNTS have a
design pressure of at least 1050 psia and 550 degrees F, which bound the
calculated pressure and temperature conditions for any design basis event (DBE).
In concert with the containment isolation valves (CIVs) and passive containment
isolation barriers (discussed in Section 6.2.4), the CNV serves as a final barrier to the
release of radioactivity and radiological contaminants to the environment

(GDC 16).

The CNV design specifications also take into consideration the pressures and
temperatures associated with combustible gas deflagration. The CNV design
includes no internal sub-compartments which eliminates the potential for
collection of combustible gases and differential pressures resulting from
postulated high-energy pipe breaks within containment.

The CNV is designed to withstand the full spectrum of primary and secondary
system mass and energy releases (loss-of-coolant accident (LOCA), valve opening
events and non-LOCA) while considering the worst case single active failure and
loss of power conditions. Calculated peak containment pressures and
temperatures are shown by analysis to remain less than the CNV internal design
pressure and temperature for analyzed events.
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The overall limiting peak CNV pressure results from an inadvertent reactor
recirculation valve opening anticipated operational occurrence with a loss of
normal AC and DC power. The overall limiting CNV pressure is 994 psia, which is
approximately 5 percent below the CNV design pressure of 1050 psia. The LOCA
event peak CNV pressure is 959 psia.

The overall peak CNV temperature is 526 degrees F, resulting from a reactor
coolant system injection line break. The peak pressure and CNV wall temperature
results for secondary system line break events are bounded by the LOCA results.
These results demonstrate that the CNV design provides margin to the CNV design
pressure of 1050 psia and CNV design temperature of 550 degrees F.

The supporting analyses results are presented in Chapter 5 of the containment
response analysis methodology report (Reference 6.2-1). The supporting analyses
are discussed by Reference 6.2-1, as well as Section 6.2.1.3 and Section 6.2.1.4.

The CNV is evaluated to demonstrate it can withstand deflagration, incident
detonation and deflagration-to-detonation events for 72 hours after event
initiation. Structural analysis demonstrates that the CNV is capable of withstanding
the resultant combustion loads with margin to stress and strain limits as required
by 10 CFR 50.44. Further details are provided in Section 6.2.5.

The structural and pressure retaining components of the CNV consist of the closure
flanges and bolting, vessel shells, vessel top and bottom heads, nozzles and
penetrations for piping and instrumentation, access and inspection ports, CNV
support skirt, CNV support lugs, bolting for the RPV upper support ledge and the
NuScale Power Module top support structure mounting assemblies. Section 3.8.2
provides additional design detail that includes a physical description of the
geometry of the CNV and supports, plan views, and design criteria relating to
construction techniques, static loads, and seismic loads.

Instrumentation is provided to monitor containment parameters for normal
operation, anticipated operational occurrences and accidents to include
temperature, pressure, isolation valve position and liquid level (GDC 13 and 64).
Section 7.1 discusses the containment parameters monitored.

The integrated design of the RPV and CNV ensures that RCS leakage is collected
within the CNV. In the event of primary system releases (e.g., LOCAs or valve
opening events) the CNV provides for the retention of adequate reactor coolant
inventory to prevent core uncovery or loss of core cooling. The reactor coolant
water that collects in the CNV is passively returned to the reactor vessel by natural
circulation via the emergency core cooling system (ECCS) described in Section 6.3.

Under these conditions, the CNV transfers the sensible and core decay heat
through its walls to the ultimate heat sink (UHS) and provides effective passive,
natural circulation emergency core cooling flow. The containment is designed so
that CNV pressure and temperature are rapidly reduced and maintained at
acceptably low levels following postulated mass and energy releases, including
LOCA, into containment (principal design criterion 38 (Section 3.1.4)). The
containment heat removal function is described in Section 6.2.2.
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The containment and associated systems are designed to establish an essentially
leak tight barrier against an uncontrolled release of radioactivity to the
environment, and assures that conditions important to safety are not exceeded for
as long as the postulated accident conditions require (GDC 16).

The CNV is designed to accommodate the effects of and be compatible with the
internal and external environmental conditions associated with normal operation,
maintenance, testing, and postulated accidents and is protected against the
dynamic effects that may result from external events (GDC 4). A discussion of these
design considerations is provided in Chapter 3.

Additional information discussing protection from natural phenomena,
environmental and dynamic effects, effects of missile impact, sharing of safety
related structures, testing and inspection, adequacy of mechanical components
and environmental qualification associated with the CNV functional design basis
considerations is provided in Chapter 3.

Information discussing offsite and control room dose consequences associated
with the containment functional design is provided in Chapter 15 and a shutdown
risk assessment, including containment analysis, is provided in Chapter 19.

The evaluation methodology used to determine CNV peak pressure and
temperature utilizes the NRELAP5 code with conservative initial and boundary
conditions applied to predict the bounding containment pressures and
temperatures. The NRELAP5 model used in the containment response analyses for
primary system releases (LOCA and valve opening events) CNV response analyses is
consistent with the model used in the LOCA evaluation model (Reference 6.2-2).
The NRELAP5 model used in the secondary system pipe break CNV response
analysis is similar to the NRELAP5 evaluation model described in the Non-LOCA
Transient Analysis Methodology (Reference 6.2-4). The significant differences
between the primary system release and secondary system break CNV response
analysis models and the evaluation models are related to the objective of
determining the maximum containment peak pressure and peak temperature
scenarios. This is accomplished by conservatively maximizing the mass and energy
release, and minimizing the performance of the containment heat removal system.
The primary system release and secondary system break CNV response analysis
models are detailed in Reference 6.2-1.

The NRELAPS5 base plant model used for CNV analysis considers relevant design
features of the NPM including fluid volumes (RCS, steam generator system (SGS),
and CNV), heat transfer surfaces, valve locations and closure rates and module
protection system logic with analytical limits.

The CNV response analysis methodology considers all of the relevant sources of
energy for primary system releases including:

e core power equal to rated thermal power plus an allowance for uncertainties
* conservative decay heat model

e maximized RCS and fuel stored energy
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6.2.1.1.2

e secondary system stored energy sources

These sources of energy are also included in secondary break release analyses, with
the addition of energy resulting from feedwater pump runout.

Reference 6.2-1, Section 5.1 presents the results of the NRELAP5 base case analyses
of the spectrum of primary mass and energy release scenarios for the NPM, that are
determined using the containment response analysis methodology. Section 5.1
also describes sensitivity analyses used to determine the limiting primary release
case assumptions for CNV pressure and wall temperature and presents their results.
Sections 5.2 and 5.3 of Reference 6.2-1 present the results of NRELAPS5 limiting
analyses of main steam line and feedwater line break (FWLB) scenarios,
respectively. Table 6.2-2 presents the results of the base case and limiting CNV
pressure and wall temperature analyses for primary release (LOCA and valve
opening events), as well as, limiting secondary system break scenarios.

The sources and amounts of energy released to the containment and the
post-accident time-dependence of mass and energy releases of postulated primary
system events are described in Section 6.2.1.3.

The sources and amounts of energy released to the containment and the
post-accident time-dependence of mass and energy releases of postulated
secondary system pipe ruptures inside containment (main steam and feedwater
line breaks) are described in Section 6.2.1.4.

The capability to remove energy from the CNV (depressurization rate) is
determined by the heat transfer rate from the CNV to the reactor pool. In all
postulated events, containment pressure is shown to be reduced to less than

50 percent of the peak calculated pressure in less than 24 hours after the
postulated accident (principal design criterion 38 (Section 3.1.4)). Specifically, for
the limiting peak pressure case, the CNV pressure is reduced to less than 50 percent
of its peak value in less than two hours.

The NuScale CNV does not include one or more dedicated containment
penetrations, equivalent in size to a single 3-foot diameter opening, to
accommodate future installation of systems to prevent containment failure. As
discussed in this section, the calculated peak containment pressures for design
basis events remain less than the CNV internal design pressure. As discussed in
Section 19.2.3, peak containment pressures do not challenge vessel integrity for
any analyzed severe accident progression. Therefore, 10 CFR 50.34(f)(3)(iv) is not
technically relevant to the NuScale design.

Design Features
The NuScale CNTS includes the CNV, top auxiliary mechanical access structure, CNV

supports, control rod drive mechanism (CRDM) support, CIVs, and containment
instruments.
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The CNTS design features passively support:
e enclosure of the RPV, RCS and associated components
e containment of fission product releases from the RCPB

e containment of the postulated mass and energy releases (LOCA and non LOCA)
inside containment

e operation of the ECCS by the retention of reactor coolant and the transfer of
sensible and core heat to the UHS.

The CNV is a compact, steel pressure vessel that consists of an upright cylinder with
top and bottom head closures. The CNV is partially immersed in a below-grade
reactor pool that provides a passive heat sink and is absent of internal sumps or
subcompartments that could entrap water or gases. The CNV and the reactor pool
are housed within a Seismic Category 1 Reactor Building (RXB).

Vertical and lateral support for the CNV is provided by the RXB via a support skirt at
the bottom of the vessel. Lateral support for the CNV is provided by the reactor
compartment walls through the lateral support lugs on the upper CNV shell. The
CNV houses and supports the RPV and associated piping systems and valves.

Threaded inserts are used for all CNV pressure boundary threaded fasteners except
for the main CNV flange studs. See Table 6.1-1 for threaded insert materials and
applicable specifications. The threaded inserts used for threaded fasteners are
externally threaded in addition to being internally threaded such that the inserts
are threaded into the associated base metal. As such, the external threads on the
inserts and internal threads in the flange bolt holes are designed to carry
mechanical loads during normal and off-normal operations, including ECCS
actuation. See Section 5.2.3.4 for applicable welding procedures and inspections
for threaded insert welds during fabrication and installation. The fabrication
inspections for threaded inserts are based on ASME BPVC Section llI

(Reference 5.3-1), Subsection NB-2580, using the outer diameter of the threaded
insert for sizing requirements.

For the CNV main flange connection, lock plates are used to perform a tooling
function to hold the CNV main flange nut in place, on top of the flange, after the
flange stud is removed or while the flange stud is installed. The lock plates are not
considered part of the reactor coolant pressure boundary. The lock plates only
resist the minor friction loads and forces that occur when inserting and threading
the studs into the nuts and do not resist the forces applied to tension the stud. The
same is true for removing and detensioning the studs.

The lock plates are held in place by studs that are attached with a stud weld to the
top of the flange cladding. The welded studs used to retain the lock plates are
nonstructural attachments as defined in ASME BPVC section NB-1132.1(c)(2),
similar to insulation supports. The lock plates are not considered an attachment to
the CNV per the ASME code.

The stud weld to the cladding requires a cladding preservice liquid penetrant
exam, per ASME BPVC section NB-5272, Weld Metal Cladding. The stud weld to the
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cladding also complies with ASME BPVC section NB-4435, Welding of Nonstructural
Attachments.

There are no inservice exam requirements for the lock plate stud welds or the lock
plates.

Table 6.2-1 provides a list of containment design parameters, operating parameters
and information relevant to the CNV. Containment general arrangement drawings
are provided in Figure 6.2-2a and Figure 6.2-2b.

During normal operation, the CNV is maintained in a partially evacuated dry
condition. However, there are specific operational conditions that involve the
presence of water in the CNV (e.g., primary and secondary system leakage, ECCS
actuation, component cooling system leakage or module disassembly and
refueling).

Maintaining the containment at a vacuum has benefits for both normal operation
and post mass and energy release events. A vacuum precludes the need for
thermal insulation inside containment because convective heat transfer from the
reactor vessel is minimized during normal reactor operation. Combustible gas
control is further described in Reference 6.2-3.

The NPM is designed to be transported to and from the refueling area without loss
of reactor coolant inventory, and is refueled in a partially flooded condition,
precluding operation with reduced inventory conditions. Core decay heat removal
during this process is discussed in Section 9.2.5, Ultimate Heat Sink.

The postulated primary system release events evaluated for CNV response include
RCS injection and discharge line breaks, RPV high point vent degasification line
breaks, pressurizer spray line breaks, control rod drive housing failure, reactor
safety valve (RSV) opening and inadvertent ECCS valve (reactor vent valve (RVV)
and reactor recirculation valve (RRV)) opening. In primary system release events,
the CNV design assures that sufficient inventory is retained within the CNV in a
configuration that, when given a return path to the RPV (e.g., the ECCS RRVs),
maintains the reactor core covered.

Any primary system release event or secondary system release event transfers mass
and energy into the CNV and has the potential to increase containment
temperature and pressure. Peak calculated pressures and temperatures associated
with these postulated events are bounded by the containment design pressure
and temperature to ensure that the containment's functional capabilities are
maintained under worse case conditions. Analyses of containment response to RCS
mass and energy releases are provided in Section 6.2.1.3, and secondary system
mass and energy releases are provided in Section 6.2.1.4. Graphical results for the
limiting CNV pressure, temperature, and mass and energy release rates are shown
in Figure 6.2-9 through Figure 6.2-14. Table 6.2-7 and Table 6.2-8 provide the
sequence of events for the CNV peak pressure and peak temperature cases,
respectively.
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In the event of a mass and energy release into CNV, a process of condensation and
retention within the CNV facilitates the transfer of the energy to the UHS.

Reactor coolant released from the RPV or main steam or feedwater released from
the secondary system condenses on the relatively cool inner surface of the CNV
wall. The resulting condensate flows down the inner CNV wall and collects in the
bottom of the CNV shell. The vapor condensation and heat removal from
containment is accomplished passively by transferring the energy through the CNV
wall to the reactor pool.

For releases from the RPV, the reactor coolant is condensed and collected until the
condensate level within the CNV has increased to the ECCS actuation setpoint or
when RCS pressure falls to the ECCS actuation setpoint. Actuation of the safety
system opens the RVVs and RRVs, further depressurizing the RPV and increasing the
discharge of RPV inventory to the CNV. When RPV and CNV pressures approach
equilibrium and the accumulated level in the CNV shell reaches a level where
sufficient driving head is available, coolant flow from the CNV is returned to the
RPV through the ECCS recirculation valves for core cooling. Opening of the RVVs
and RRVs establishes the CNV shell as the outer boundary of the coolant circulation
flow path. This method of passive coolant circulation and heat removal is further
described in Section 6.2.2.

For a secondary system mass and energy release into containment, the released
steam or feedwater is captured within the CNV by closure of the CIVs. The collected
inventory is condensed and retained with the heat energy transferred to the
reactor pool.

The design of the CNV is consistent with the functional requirements of the ECCS
and its associated acceptance criteria. Acceptable models for evaluating
emergency core cooling during the postulated mass and energy releases are
defined in 10 CFR 50 Appendix K.

The CNTS design provides for the isolation of process systems that penetrate the
CNV. The design allows for the normal or emergency passage of fluids, vapor or
gasses through the containment boundary while preserving the ability of the
boundary to prevent or limit the escape of fission products in the event of
postulated events. The containment isolation valves are described in Section 6.2.4.

The CNV components and appurtenances are designed to ensure pressure
boundary integrity for the life of the plant when considering fatigue, corrosion and
wear. The CNV components and penetrations (piping, electrical and
instrumentation and controls (I&C)) are designed for and tested to harsh
environment conditions (temperature, pressure, radiation, and submergence).
Refer to Chapter 3 for additional component design detail.

To ensure leak tightness and functional capability, the CNV is rigorously inspected
and its appurtenances are tested to ensure that functional capability is maintained
under calculated design basis conditions. The CNV is designed to support the

leakage testing requirements of 10 CFR 50 Appendix J, with the exception of Type
A testing as discussed in Section 3.1.5 and Section 6.2.6. Access is provided to allow
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for all inspections, testing, maintenance and removal of components contained
within the CNTS as required by the inservice inspection (ISI) and Inservice Testing
Program during the life of the plant.

The CNV design allows for the inspection, testing and maintenance of equipment
and structural features inside containment (control rod drives, ECCS valves, RSVs,
pressurizer heaters, instruments, electrical connections, check valves, welds,
supports, and piping inside containment).

The CNTS components and supports are designed such that the ASME BPVC,
Section Xl inspection requirements for Class 1, Class 2 and Class MC are met
including the preservice inspection requirements.

The CNV design information addressing structural loads and loading combinations,
including consideration of loading generated as a result of fuel clad metal-water
reaction, hydrogen deflagration and hydrodynamic loads, is provided in

Section 3.8.2.

6.2.1.1.3 Design Evaluation

Design specific analyses demonstrate the functional capabilities of the NuScale

containment design to provide:

e aleak tight barrier that can withstand worse case accident conditions for the
duration of postulated accidents.

e aheat removal capability sufficient to maintain peak calculated containment
pressures and temperatures following a postulated mass and energy release
inside containment to less than design and without exceeding the
containment's design leak rate.

e sufficient heat removal capability to rapidly reduce containment pressure
following postulated mass and energy releases to less than 50 percent of the
peak calculated pressure for the worst case event within 24 hours and maintain
at acceptably low levels.

e the capability to withstand the maximum expected external pressure.

e the capability to withstand hydrogen combustion during an accident while
maintaining containment structural integrity and preclude the release of
radioactivity.

* instrumentation capable of operating in a post-accident environment to
monitor the containment such that automatic actions can be monitored or the
appropriate manual action(s) can be taken.

The applicable codes, standards and guides that apply to the containment design

are addressed in Section 3.8.2. The CNV design and operating parameters are listed

in Table 6.2-1, and general arrangement drawings of the CNV are also provided in

Figure 6.2-2a and Figure 6.2-2b. The dynamic effects of mass and energy releases

into containment resulting from postulated piping ruptures are considered in the

structural design as discussed in Section 3.6.
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Evaluation of the pressure and temperature response of the CNV is accomplished
through the analysis of a variety of primary system and secondary system release
events that bound all LOCA events, other primary system release events, and
secondary system pipe break events. The postulated primary and secondary
release events that are considered include the following:

® pipe breaks (LOCAs)

e RSVsopening

e inadvertent ECCS valve opening

e control rod drive housing failure

* bounding anticipated operational occurrence event with ECCS actuation

* secondary system pipe breaks inside containment

The peak containment pressure and temperature resulting from a mass and energy
release in containment is dependent on the nature, size, and location of the
postulated breach. The NuScale CNV is designed to contain the energy discharged
from a worst case event.

The NRELAPS code, based on RELAP5-3D, with the application of conservative
initial and boundary conditions, that reflect the NuScale design, is the code used to
predict the bounding CNV pressures and temperatures. The evaluation
methodology developed by NuScale addresses applicable regulatory guidance
contained in Design Specific Review Standard Section 6.2.1 as discussed by
Reference 6.2-1, Section 2.1. The results are shown to be within the design pressure
and design temperature of the CNV.

A spectrum of possible locations, sizes and types of mass and energy releases are
analyzed in accordance with the NuScale mass and energy release and
containment pressure and temperature response methodology. The spectrum of
mass and energy release events analyzed for the NuScale design includes the
following:

e RCSdischarge line break (Case 1)

e RCSinjection line break (Case 2)

* RPV high point vent degasification supply line break (Case 3)
e inadvertent opening of a RVV (Case 4)

e inadvertent opening of a RRV (Case 5)

* steam line break

e FWLB

The above spectrum of postulated release events bounds the primary and
secondary release events for the NPM.

The selection process used to determine initial conditions and boundary condition
assumptions, reflecting the unique NuScale design, that are used for evaluation of
containment response to postulated primary system mass and energy releases into

Tier 2

6.2-9 Revision 5



NuScale Final Safety Analysis Report Containment Systems

containment are described in Reference 6.2-1, Section 3.5. Secondary system pipe
break analysis initial and boundary condition assumptions and their selection
process are described in Reference 6.2-1, Section 3.5. These initial conditions and
assumptions are based on the range of normal operating conditions with
consideration given to maximizing the calculated peak containment pressure and
temperature.

The results of NRELAP5S primary system release event analyses are presented by
Reference 6.2-1, Section 5.1. Additionally, Reference 6.2-1, Section 5.1 discusses the
insights obtained from the sensitivity studies, used to determine limiting
assumptions and single failures, that create a bounding set of assumptions. These
assumptions result in the limiting CNV peak temperature and pressure for primary
release event Cases 1 though 5. Similarly, Reference 6.2-1, Sections 5.2 and 5.3
present the limiting CNV pressure and temperature results for main steam line and
feedwater events, respectively, along with the analysis assumptions that provide
these limiting results.

Each mass and energy release event analyzed also includes the consideration of
the worst case single active failure as identified by sensitivity cases and a
determination of how the availability of normal AC and DC power affects the
results, as described in detail by Reference 6.2-1.

The limiting LOCA peak calculated containment temperature, based on the mass
and energy release spectrum analyses, is postulated to occur as the result of a
double-ended break of the RCS injection line. (Case 2). Considering the results of
sensitivity analyses, the analysis assumes a combined simultaneous loss of normal
AC power that occurs at event initiation, an inadvertent actuation block (IAB)
release pressure of 1000 psid, conservatively biased ECCS actuation setpoint, fine
CNV axial volume and radial CNV heat structure nodalization, no RPV
noncondensable release, and the single failure of one RRV to open. The peak
calculated pressure and temperature are listed in Table 6.2-2, which provide
sufficient margin to CNV design pressure and temperature.

The overall limiting peak calculated containment pressure, based on the mass and
energy release spectrum analyses, is postulated to occur as the result of the
spurious opening of a RRV anticipated operational occurrence (Case 5). The analysis
models an expansion of the RCS fluid into the CNV volume and includes all relevant
energy input from RCS, secondary and fuel stored energy sources, along with
conservatively modeled core power and decay heat. Additional assumptions
accounting for the results of sensitivity analyses include the loss of both the normal
AC power and the highly reliable DC power system (EDSS) postulated to occur at
event initiation, an IAB release pressure of 1000 psid for the second RRV, and

900 psid for the RVVs, fine CNV axial volume and fine radial CNV heat structure
nodalization, fine reactor pool nodalization, fast RPV noncondensable release rate,
and minimum primary system flow. The peak calculated pressure is 994 psia,
providing a 56 psia margin to the CNV design pressure of 1050 psia.

Reference 6.2-1, Section 5.4 discusses the analytical and design margin
incorporated into the CNV design.
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6.2.1.2

6.2.1.3

The peak calculated containment pressure resulting from a secondary side mass
and energy release is postulated as the result of a double-ended steam line break
inside containment. The analysis assumptions are documented by Reference 6.2-1,
Section 5.2. The peak calculated pressure is listed in Table 6.2-2.

The peak calculated containment temperature resulting from a secondary side
mass and energy release is postulated as the result of a double-ended steam line
break inside containment. The analysis assumes normal AC and DC power
available, and a failure of the associated feedwater isolation valve (FWIV) to close.
The peak calculated temperature is listed in Table 6.2-2.

The secondary system mass and energy release event results are bounded by the
primary system mass and energy release events.

The CNV external design pressure is 60 psia which is based on an internal pressure
of 0 psia and an external pressure resulting from 100 feet of pool water static
pressure.

The environmental qualification of mechanical and electrical equipment exposed
to the containment environment following a primary or secondary system mass
and energy release inside containment is discussed in Section 3.11.

The CNV instrumentation provided to monitor and record the required
containment parameters and the capability to operate in post-accident
environments is discussed in Chapter 7 and Section 3.11.

Containment Subcompartments

A sub-compartment design basis and supporting analysis for mass and energy release
is not relevant to the NuScale CNV because the CNV has no interior subcompartments.

Mass and Energy Release Analyses for Primary System Release Events

The NuScale containment receives the primary system mass and energy released
following a postulated rupture of piping containing reactor coolant, inadvertent
opening of an ECCS or RSV. The CNV response analysis methodology, described in
technical report TR-0516-49084, “Containment Response Analysis Methodology
Technical Report” (Reference 6.2-1), is an extension of the NuScale LOCA evaluation
model that was developed in accordance with the guidance of Regulatory Guide (RG)
1.203, "Transient and Accident Analysis Methods" December 2005. Reference 6.2-1
identifies and justifies differences in the containment response methodology, in
comparison to the LOCA evaluation model.

The containment response analysis methodology is based on the NRELAP5 system
thermal-hydraulic code with appropriate initial and boundary conditions. The NRELAP5
code is a NuScale modified version of the RELAP5-3D Version 4.1.3 code. The NRELAP5
code is used for LOCA transient analyses. The NRELAP5 code has been qualified or
assessed to separate and integral effects tests as described by Reference 6.2-2 to
demonstrate the capability of the code to model LOCAs in the NPM. The LOCA
evaluation model qualification activities in Reference 6.2-2 are adequate to
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demonstrate the capability of the NRELAP code to model containment response to
LOCA events. Modifications to the inputs to the code are incorporated in order to
predict maximum containment peak pressures and temperatures for the various event
scenarios by conservatively maximizing the mass and energy release while minimizing
the performance of containment heat removal.

The LOCA analysis break spectum modeled by the NuScale containment response
analysis methodology considers the same break spectrum as considered by the LOCA
evaluation model (Reference 6.2-2). The maximum break opening area is modeled. The
inadvertent ECCS valve opening event analysis uses the largest valve area. Break
locations are chosen such that mass and energy releases to containment are
maximized. The dominant consideration is the timing of the second mass and energy
release that occurs when the ECCS valves open. Sensitivity studies are performed on
the timing of the ECCS valve opening, and this is effectively a break size sensitivity
combined with the maximum initial mass and energy release for each break location.
This approach assures that the limiting cases have been identified for the peak CNV
pressure and peak CNV temperature.

Critical flow is evaluated using the Henry-Fauske and Moody models for subcooled and
two-phase flow conditions as discussed by Reference 6.2-1. The maximum valve area
and Cv values (RVV and RRV) are used to determine ECCS valve flows. Smaller values
would result in less mass and energy release to containment; therefore, the maximum
values are utilized.

The containment response analysis methodology uses the heat transfer correlation
package in the NRELAP5 computer code. The LOCA evaluation model report
demonstrates these correlations are applicable to the NPM design (Reference 6.2-2).
The local fluid conditions and the local heat structure surface temperatures determine
the heat transfer mode. Forced convection, natural convection, condensation,
conduction, and nucleate boiling are included in the code and are selected if the local
conditions are appropriate. Initial and boundary conditions are selected to maximize
containment pressure and temperature response. Further details are provided in
Reference 6.2-1.

The containment response analysis methodology provides conservative modeling of
the heat transfer to and from the CNV inside diameter, and from the CNV outside
diameter to the reactor pool, to ensure a bounding peak CNV pressure and
temperature response following a LOCA. The methodology includes the following
elements:

e highinitial CNV pressure, maximum non-condensable gas concentration within the
CNV, and maximum non-condensable gas release from the RPV to the CNV during a
LOCA or RRV opening event

* heat transfer from RPV outside diameter including convection and boiling heat
transfer to the fluid in the CNV

* condensation on CNV inside diameter including the effects of non-condensable
gas

* conservative low reactor pool level

Tier 2

6.2-12 Revision 5



NuScale Final Safety Analysis Report Containment Systems

COL Item 6.2-3:

e conservative high reactor pool temperature

e conservative low CNV free volume assumption, which accounts for RCS thermal
expansion and includes an allowance for piping, valves, cabling and miscellaneous
components such as platforms and ladders

A COL applicant that references the NuScale Power Plant design certification will
perform an analysis that, in consideration of the as-built containment internal free
volume, demonstrates that containment design pressure and temperature bounds
containment peak accident pressure and temperature. The evaluation value for
containment internal free volume must include margin to address the complex
shapes of internal structures and components and manufacturing processes.

Reference 6.2-1, Table 3-2 shows the heat transfer correlations and models for all of the
processes that could impact the CNV peak pressure and temperature response.

The CNV modeling in the NRELAP5 LOCA containment response analysis model is
similar to the LOCA Evaluation Model (Reference 6.2-2), with certain changes made to
maximize the mass and energy release and consequential containment pressure and
temperature, as detailed by Reference 6.2-1. The CNV and reactor pool models for
secondary system pipe break containment response analysis methodology are the
same as the modeling for primary release events.

Simplified diagrams of the nodalization used in the containment response analysis
methodology are provided by Reference 6.2-1.
The primary system mass and energy release events analyzed include the following:
e pipe breaks

— RCS discharge line

— RCSinjection line

— RPV high point vent degasification line
¢ inadvertent RVV opening
e inadvertent RRV opening
The NuScale LOCA evaluation model divided the NPM LOCA scenarios into two phases
for phenomena identification:
e LOCA blowdown phase (Phase 1a)
e ECCS recirculation (Phase 1b)
For primary system mass release events, the blowdown phase begins at break initiation
or valve opening. Reactor coolant released into the containment volume pressurizes
the containment volume and depressurizes the RPV. Pressurization of the containment

and the decreased inventory within the RPV results in reactor trip and closure of the
ClVs. The blowdown phase ends when the ECCS actuates the RVVs and the RRVs.
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6.2.1.3.1

The ECCS actuation occurs as a result of any of the following conditions:
e high CNV level
e |oss of normal AC power and the EDSS

e |ow RCS pressure

The RVVs and RRVs open under the following conditions:

e If the pressure differential across the valves is greater than the IAB threshold when
the ECCS signal actuates, then the valves stay closed until the pressure differential
decreases to below the IAB release pressure.

e [f the pressure differential across the valves has decreased to below the IAB
threshold pressure when the ECCS signal actuates, then the valves open at that
time.

e If the pressure differential across the valves is less than the valve opening spring
force (approximately 15 psid), the valves open even without an ECCS actuation
signal.

Opening of the RVVs increases the depressurization rate, and the primary system and
CNV pressures approach equalization. As the pressures equalize, the break and valve
flow decreases. With pressure equalization and the increase in the CNV pool level, flow
through the RRVs into the reactor vessel starts to provide long-term cooling (LTC) via
recirculation. This terminates the reactor vessel level decrease prior to core uncovery.
Heat transfer to the CNV wall and to the reactor pool eventually exceeds the energy
addition from the break flow and the RVV flow. When this occurs, the period of peak
containment pressure and temperature have been completed, and a gradual
depressurization and cooling phase begins.

Sensitivity cases are performed to determine the effect of loss of power (AC or DC)
scenarios, as well as postulated single failures, on the primary system mass and energy
release scenarios considered by the NuScale containment response analysis
methodology. The insights obtained from the results of the sensitivity cases, discussed
in Reference 6.2-1, are used to determine the limiting cases for CNV pressure and
temperature.

Mass and Energy Release Data - Primary System Release Events

The maximum containment peak pressure and peak temperature scenarios are
determined by conservatively modeling the mass and energy release and
minimizing the performance of the containment heat removal function of
containment.

Reference 6.2-1, Section 5.1 provides results of NRELAP5 analyses of the spectrum
of the five primary system mass and energy release scenarios for the NPM. The
limiting primary system release event (Case 5) CNV pressure results are depicted by
figures contained in Reference 6.2-1, Section 5.1. Graphical results for the limiting
CNV pressure, temperature and mass and energy release rates are shown in

Figure 6.2-9 through Figure 6.2-14. The limiting peak pressure and temperature
results are below the CNV design pressure and temperature.
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6.2.1.3.2

6.2.1.3.3

Energy Sources - Primary System Release Events

The containment response analysis methodology models available energy sources
identified by 10 CFR Part 50, Appendix K, paragraph I.A, with the exception of
energy associated with fuel clad metal-water reaction, since calculated cladding
temperatures for design basis LOCAs remain below the threshold for cladding
oxidation. Energy sources addressed in the containment response analysis analyses
include

e core power initialized at 102 percent of rated thermal power (163.2 MW).

e decay heat modeled using the 1979 ANS standard decay heat model with a
1.2 multiplier.

* RCSstored energy based on conservative initial conditions of pressure, average
RCS temperature and pressurizer level that consider the normal operating
range including instrumentation uncertainties and deadband.

e stored energy in vessel internal structures.
® RCS piping inside containment.
e stored fuel energy.

e stored secondary energy (steam generator (SG) tubes, main steam and
feedwater piping inside containment) based on conservative initial conditions
of steam pressure and feedwater temperature that consider the normal
operating range including instrumentation uncertainties and deadband.

Description of the Blowdown Model - Primary System Release Events

During normal power operation (normal AC and DC power available), the primary
system release scenarios start with the blowdown of the primary inventory through
the pipe break or valve opening into the CNV. The reactor trips on high CNV
pressure, and that causes a turbine trip along with main steam isolation and
feedwater isolation. The primary system depressurizes as the CNV pressurizes, and
the coolant inventory accumulates in the CNV. Steam released into the CNV
condenses on the CNV inner surface that is cooled by conduction and convection
to the reactor pool. When the CNV level reaches the high level setpoint or when
RCS pressure falls to the ECCS actuation setpoint, the ECCS actuates. The ECCS
valves subsequently open as described in Section 6.2.1.3.

The NRELAPS primary release event model is developed from engineering
information, drawings and associated reference documents to develop a
thermal-hydraulic simulation model that calculates the mass and energy released
from the RCS during blowdown.

The containment response analysis methodology assumes an initial power level of
1.02 times the licensed power level. The initial RCS volume and mass are consistent
with that power level.

The mass and energy release determined by the containment response analysis
methodology is based on the NRELAP5 computer code, and the modeling
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6.2.1.3.4

6.2.1.3.5

6.2.1.3.6

approach is very similar to the NuScale LOCA Evaluation Model that complies with
the applicable portions of 10 CFR 50 Appendix K. Specific changes to the LOCA
Evaluation Model required to model primary system mass release events are
described by Reference 6.2-1. A discharge coefficient of 1.0 is applied to the
applicable critical flow correlation. Reference 6.2-2 demonstrates the adequacy of
the LOCA Evaluation Model two-phase and single phase choked and unchoked
flow models for predictions of mass and energy release based on assessments of
comparisons of NRELAP5 mass flow predictions to experimental data.

The containment response analysis methodology uses the heat transfer correlation
package in the NRELAP5 computer code. The LOCA Evaluation Model report
demonstrates these correlations are applicable to the NPM design

(Reference 6.2-2).

Description of the Emergency Core Cooling System Recirculation Model

The containment response analysis methodology models the applicable
phenomena that contribute to maximizing the mass and energy release into
containment and the resulting pressure and temperature during the ECCS
recirculation phase.

The methodology applied during the ECCS recirculation phase is the same as
previously described for the blowdown phase.

Operation of the ECCS is further discussed in Section 6.3.
Description of the Long-Term Cooling Model

The containment response analyses demonstrate that the CNV pressure and
temperature are rapidly reduced and maintained at acceptably low levels following
postulated mass and energy releases, including LOCA, into containment (principal
design criterion 38 (Section 3.1.4)). The previously described methodology and
model are utilized for this purpose. This demonstrates adequate long term
containment heat removal.

Single-Failure Analysis

Potential single failures are considered in the containment response analysis
methodology and the results show in each case that the necessary safety function
can be met when the worst case single failure is included. Reference 6.2-1, Section
5.1 discusses the insights obtained from the sensitivity studies used to determine
single failures that create a bounding set of assumptions that result in limiting CNV
peak temperature and pressure for primary release events. The sensitivity results
demonstrate that in some scenarios the consideration of no single failure provides
a more limiting result.
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6.2.1.3.7

6.2.1.3.8

6.2.1.3.9

6.2.1.4

Metal-Water Reaction

Due to the absence of significant post-LOCA cladding heat-up, the NuScale
methodology does not model additional energy resulting from cladding
metal-water reaction.

Energy Inventories - Loss-of-Coolant Accident

The integrated mass and energy release rates for the primary system release
pressure and temperature limiting events are provided in Reference 6.2-1.

Additional Information Required for Confirmatory Analysis

Information supporting confirmatory analysis is contained in Table 6.2-1 and in the
containment response analysis methodology report (Reference 6.2-1).

Mass and Energy Release Analysis for Postulated Secondary-System Pipe
Ruptures Inside Containment

The NuScale containment receives the secondary system mass and energy released
following a postulated main steam line or feedwater line break. The containment
response analysis methodology, described in technical report

TR-0516-49084 - Containment Response Analysis Methodology Technical Report
(Reference 6.2-1) is an extension of NuScale non-LOCA methodology (Reference 6.2-4)
developed in accordance with the guidance of Regulatory Guide (RG) 1.203, "Transient
and Accident Analysis Methods" December 2005. Reference 6.2-1 identifies and
justifies differences in the containment response methodology, in comparison to the
non-LOCA methodology.

The containment response analysis methodology for secondary system events is based
on the NRELAP5 system thermal-hydraulic code with appropriate initial and bounding
conditions. The NRELAP5 code is a NuScale modified version of the RELAP5-3D Version
4.1.3 code. The NRELAPS5 code is used for non-LOCA transient analyses. The NRELAP5
non-LOCA model described in the non-LOCA transient analysis methodology report
(Reference 6.2-4) is used to develop the MSLB and FWLB analyses in the containment
response analysis methodology. Modifications to the inputs to the code are
incorporated in order to predict maximum containment peak pressures and
temperatures for various event scenarios accomplished by conservatively maximizing
the mass and energy release while minimizing the performance of containment heat
removal.

The limiting MSLB event and FWLB event are double-ended ruptures of the largest
main steam line and feedwater line pipes.

Secondary system mass and energy releases consist of the MSLB and FWLB events with
the asymmetric responses in SGs included. The affected SG blows down into the CNV
and the feedwater supply and main steam lines are isolated.

Conservative modeling of secondary system mass and energy release scenarios
ensures a bounding analysis. All breaks are considered with a maximum break size at

Tier 2

6.2-17 Revision 5



NuScale Final Safety Analysis Report Containment Systems

6.2.1.4.1

6.2.1.4.2

6.2.1.4.3

each location. Critical flow is evaluated using the Moody and Henry-Fauske models for
subcooled and two-phase flow conditions as discussed in Reference 6.2-1.

The containment response analysis methodology uses the heat transfer correlation
package in the NRELAP5 computer code for secondary system pipe break analysis. The
Non-LOCA transient analysis methodology report demonstrates these correlations are
applicable to the NPM design (Reference 6.2-4). The local fluid conditions and the local
heat structure surface temperatures determine the heat transfer mode. Nucleate
boiling heat transfer is included in the code and is selected if the local conditions are
appropriate. For the helical coil SG, other heat transfer modes exist as the coolant
enters as subcooled liquid and exits as superheated steam. Initial and boundary
conditions are selected to maximize containment pressure and temperature response.

A description of each postulated secondary system mass and energy release event is
provided in Reference 6.2-1. Results of the limiting analyses are provided in

Reference 6.2-1. The secondary system mass and energy analyses are fully bounded by
the primary system limiting events.

Mass and Energy Release Data - Secondary System

Similar to primary system mass and energy release scenarios, the maximum
containment peak pressure and peak temperature scenarios for secondary system
releases into containment are determined by conservatively modeling the mass
and energy release and minimizing the performance of the heat removal function
of containment.

Single-Failure Analysis - Secondary System

Potential single failures are considered in the containment response analysis
methodology. Due to the simplicity of the NPM design, there are few candidate
single failures for the secondary system mass and energy release scenarios. Failure
of ECCS valves to open would obviously reduce the mass and energy release and
are not analyzed. Failures of main steam isolation valves (MSIVs) or FWIVs to close
are analyzed as sensitivity studies.

Initial and Boundary Conditions - Secondary System

Initial conditions for secondary system line break containment response analyses
are selected to ensure a conservative CNV peak pressure and peak temperature
result. The process of selecting the initial conditions is consistent with applicable
DSRS guidance. The selection process ensures that energy sources are maximized
and energy sinks are minimized. Initial conditions associated with primary side
parameters for MSLB analyses are similar to those described for the primary mass
and energy release events, with exceptions noted by Reference 6.2-1. In addition to
the primary system initial conditions, secondary system initial conditions for MSLB
analyses are listed in Reference 6.2-1. Initial conditions associated with primary side
parameters for FWLB analyses are similar to those described for the primary mass
and energy release events, with one exception noted by Reference 6.2-1. The FWLB
analyses use the same secondary system initial conditions as the steam line break
(SLB) analyses. Boundary conditions for secondary system line break containment
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6.2.1.4.4

6.2.1.4.5

response analyses are selected to ensure a conservative CNV peak pressure and
peak temperature result. The process of selecting the boundary conditions is
consistent with applicable DSRS guidance. The selection process ensures that
energy sources are maximized, and energy sinks are minimized. Boundary
conditions assumed by MSLB analyses are the same as those used in primary
release event analyses except for those listed by Reference 6.2-1. Boundary
condition assumptions for FWLB analyses are the same as those used by MSLB
analyses, with one exception discussed by Reference 6.2-1.

Description of Blowdown Model - Secondary System

The MSLB is modeled as a double-ended break of a main steam line inside the CNV
that depressurizes the secondary system and pressurizes the CNV. Cross connected
main steam lines downstream of the main steam isolation results in both SGs
discharging to containment until the steam lines isolate. A low steam line pressure
signal results in closure of the main steam and feedwater isolation valves, and
reactor trip. Subsequently, DHRS actuates after feedwater isolation; however, DHRS
operation is not credited for this scenario. A single failure of the FWIV to close on
the affected SG is mitigated by closure of the feedwater regulating valve. After the
initiation of the break, there are two potential limiting events depending on the
evolution of the scenario with continued AC power, or following a loss of normal
AC and DC power. Analysis of the two above scenarios has determined that the
case with continued AC power results in the peak CNV pressure and peak CNV
temperature results, as discussed by Reference 6.2-1.

The FWLB is modeled as a double-ended break of the largest feedwater pipe inside
the containment that results in a depressurization of the affected SG and
pressurization of the CNV. A high containment pressure signal results in closure of
the main steam and feedwater isolation valves and reactor trip. DHRS actuation
occurs subsequently after feedwater isolation. Actuation of DHRS establishes
long-term decay heat removal using the unaffected SG and the DHRS. A single
failure of the MSIV to close on the affected SG allows more high energy steam to be
discharged out of the FWLB prior to secondary side isolation than would occur if
the associated FWIV failed to close. The limiting case, described by Reference 6.2-1,
also assumes a loss of normal AC and DC power at event initiation, and that results
in ECCS actuation and a loss of AC power to the pressurizer heaters. With the DHRS
actuation, the primary system begins a gradual cooldown and depressurization.
The maximum FWLB pressure and temperature occurs after the ECCS valves open.

Energy Inventories - Secondary System

The energy inventories in the secondary system are the same as evaluated for the
primary system mass and energy releases with the exception of the additional
conservatisms applied in the initial and boundary condition assumptions applied
to the secondary system components, as previously discussed.
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6.2.1.4.6

6.2.1.5

6.2.1.6

Additional Information Required for Confirmatory Analyses - Secondary
System

Information supporting confirmatory analysis is contained in Table 6.2-1 and in the
containment response analysis methodology report (Reference 6.2-1).

Minimum Containment Pressure Analysis for Performance Capability Studies of
the Emergency Core Cooling System

For conventional pressurized water reactor designs, the ECCS system supplies water to
the reactor vessel to reflood and cool the reactor core. The core reflooding rate for
these plants depends directly on containment pressure (i.e., the core flooding rate
increases with increasing containment pressure). Accordingly, a minimum
containment pressure analysis for ECCS performance capability is applicable for these
plants.

For the NuScale facility design, ECCS operation directly connects the RPV and CNV
volumes and relies on the equalization of pressures within the two volumes. The ECCS
flow consists of the RCS coolant that has condensed and collected within the CNV
volume being returned to the RPV. The driving force for the flow back to the RPV is
provided by the static head of coolant in the CNV that collects above the return to the
vessel (the ECCS RRVs). In the event of large coolant leaks (e.g., LOCAs or valve opening
events) the CNV provides for the retention of adequate reactor coolant inventory to
prevent core uncovery or loss of core cooling. In this passive coolant system
arrangement, CNV internal pressure is irrelevant to ECCS performance.

Testing and Inspection

The Inservice Inspection and Inservice Testing Program identifies the required
inspections, tests, frequencies, and acceptance criteria for the applicable components
and systems.

Section 3.8.2.7 addresses the testing and ISI requirements with respect to compliance
with the ASME BPVC for fabrication and preservice examinations used to inspect and
test the steel CNV and the other components relied on for containment integrity.
Additional information is provided in Section 14.2 describing the test programs that
control initial plant testing (pre-operational and startup) conducted on the CNV and
associated structures, systems, and components.

As described in Section 3.8.2.7, fabrication and preservice testing and inspection of the
NuScale CNV meets ASME Code Section lll and Section Xl requirements for a steel CNV.
The preservice testing and inspection of the NuScale CNV pressure retaining and
integrally attached materials is performed in accordance with written non-destructive
examination procedures as required by the ASME BPVC. The examinations, using the
methods of ASME BPVC Section V except as modified by Section NB or NF, meets the
applicable requirements of ASME NB-5000 and NF-5000.

During fabrication, magnetic particle or liquid penetrant examination of surfaces that
are clad is performed in accordance with NB-2545 or NB-2546 prior to application of
the cladding.
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Preservice examinations of ASME Code Class 1 containment pressure boundary items
are conducted in accordance with NB-5280 and IWB-2200 using the examination
methods of ASME BPVC Section V except as modified by NB-5111. Preservice
inspections include 100 percent of the pressure boundary welds.

The CNV is hydrostatically tested in accordance with ASME BPVC Section lll, Subsection
NB-6000 at a minimum test pressure (highest point) of 1,298 psig and maximum test
pressure (lowest point) of 1,375 psig. Piping installed inside the CNV during hydrostatic
testing is vented to the CNV to preclude a net external pressure on the piping during
the test.

Based on the high pressure and the safety functions of a NuScale CNV, enhanced
inspection requirements are provided for the CNV in excess of the Class MC
requirements of ASME BPVC, Section Xl, Subsection IWE. The CNV augmented
inspections are based on Class 1 requirements of ASME BPVC, Section XI. Specifically,
rather than just a visual examination as required for an ASME Class MC containment,
the NuScale CNV pressure boundary welds are required to have a volumetric or surface
examination performed per ASME BPVC, Section Xl, Article IWB-2000.

Periodic inservice inspection of the containment heat removal surfaces is performed to
ensure compliance with GDC 39 to assess for surface fouling or degradation that could
potentially impede heat transfer from the CNV.

The CNV inspection elements are provided in Table 6.2-3. An inspection element is a
combination of a component and the inspection requirements.

A description of the ISl requirements for Class 2 and 3 components is provided in
Section 6.6.

Instrumentation Requirements

Instrumentation is provided to monitor the conditions inside the containment and to
actuate the appropriate engineered safety features, should those conditions exceed
predetermined levels. Instruments are provided to measure containment pressure,
temperature, and water level. Instrumentation to monitor RCS leakage into
containment and compliance with RG 1.45 is described in subsection 5.2.5.

Containment pressure instrumentation is provided for continuous control room
indication to monitor containment pressure boundary integrity, RCS pressure
boundary integrity, ECCS performance, and to support the actuation of critical safety
functions (reactor trip, CVCS isolation, and containment isolation functions).

Containment pressure is measured and monitored by four narrow range safety-related
instruments and two wide range nonsafety-related instruments. The narrow range
sensors (transducer/transmitter type) are located inside the CNV wall enclosure near
the top of containment. There are four independent channels of narrow range CNV
pressure instrumentation. The wide range sensors (transducer/transmitter type) are
located inside the CNV wall enclosure near the top of containment. There are two
independent channels of wide range CNV pressure instrumentation.
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Containment water level instrumentation is provided for continuous control room
indication to monitor containment pressure boundary integrity, RCS pressure
boundary integrity and ECCS performance and to support the actuation of critical
safety functions.

Containment water level is measured and monitored by four safety-related
instruments. The sensors (digital type) are located at the reactor pressure boundary
interface. There are four independent channels of CNV water level instrumentation.

Containment air temperature instrumentation is provided for continuous control room
indication to monitor the environment in containment.

Containment air temperature is measured and monitored by two nonsafety-related
instruments. The sensors (resistance temperature detector type) are located inside the
CNV near the top of the CNV head. There are two independent channels of CNV air
temperature instrumentation.

Additional containment instrumentation design detail addressing power supplies,
actuation logic and initiation signals for the engineering safety feature functions is
provided in Section 7.

Containment Heat Removal

Containment heat removal for accident conditions is based on CNV material selection and
the physical configuration of the NuScale Power Plant design. The steel CNV is partially
immersed in the reactor pool and heat is transferred to the water from the outer surfaces of
the CNV in contact with the water. The continuous presence of cooling water on the
outside of the CNV ensures an immediate, effective, and passive means for containment
heat removal. The large inventory of water in the UHS ensures a supply sufficient for
long-term containment heat removal.

Under normal operating conditions, the interior of the CNV is maintained in a dry condition
under vacuum (<1 psia). The primary method of heat transfer from the outer surfaces of the
RPV through the containment volume to the inner containment wall is by radiation. The
radiated heat energy is conducted through the CNV wall to the exterior surface where it is
released via convection into the reactor pool water. For normal operations, the water level
in the pool submerges the CNV in 69 ft of water with the pool water level just below the
upper head of the CNV. Most of the CNV is in contact with the pool water and used for
containment heat removal during operations. Section 9.1.3 describes the removal of the
heat from the pool water by the active reactor pool cooling system.

Containment vacuum is maintained during normal operation by the containment
evacuation system (CES) described in Section 9.3.6. Maintaining the containment under a
vacuum during normal operation serves to minimize heat transfer from the RPV to the CNV
and the associated loss of efficiency.

During postulated primary and secondary release events into containment, the released
inventory is collected and accumulates within the CNV. Actuation of the ECCS (opening of
the RVVs and RRVs) and containment isolation provides for a natural circulation coolant
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pathway that circulates reactor coolant inventory through the containment volume back
to the RPV and through the reactor core.

In the event of a postulated MSLB or FWLB inside containment, the mass and energy
released into the containment consists of the inventory present in the train with the break,
including the content of the attached DHRS. The total inventory released considers the
automatic isolation of the main steam and feedwater lines and single failures. The
inventory released into containment flashes, condenses, and accumulates within the CNV.

The steel wall of the NuScale CNV provides for the direct (passive) transfer of containment
heat (hormal, transient, or accident conditions) to the UHS. There is no reliance on active
components or electrical power. The design configuration provides the ability to reliably
remove containment heat immediately in an accident and for at least 30 days as described
in Section 9.2.5. The UHS is a system common to the NPMs. Conformance with GDC5 is
addressed in Sections 3.1.1 and 9.2.5.

A description of the design and operation of the ECCS is provided in Section 6.3. A
description of the UHS design and operation is provided in Section 9.2.5.

Design Basis

The NuScale CNTS design has the CNV partially immersed and is therefore capable of
removing the thermal energy from the containment for accident conditions. Following
a DBE that results in containment pressurization, containment pressure is rapidly
reduced and maintained below the design value without operator action. For the
postulated DBEs described in Chapter 15, containment pressure is reduced to less than
50 percent of the peak calculated pressure in less than 24 hours after the postulated
accident and meets the requirement in principal design criterion 38 (Section 3.1.4) for
reducing pressure rapidly after an accident. Specifically, for the limiting peak pressure
case, the CNV pressure is reduced to less than 50 percent of its peak value in less than
2 hours.

The NuScale CNTS and UHS are also designed to provide long-term cooling that
removes sensible and decay heat from the reactor core and containment atmosphere
following DBEs. With the exception of the backup secondary islation valves, the
containment heat removal function does not require use of nonsafety-related systems
or operator support for long periods of time following an event. The containment
volume predominantly operates at 1 percent to 2 percent of CNV design pressure
during long-term cooling, which limits the cumulative leakage of coolant inventory
from the pressure boundary of the CNV.

The NPMs and the UHS are protected by the RXB, which is designed to withstand the
effects of natural phenomena such as earthquakes, winds, tornadoes, or floods. The
CNTS structures, systems, and components are designed and constructed to Seismic
Category | requirements.

The components of the CNTS that perform containment heat removal are designed to
allow inspection in accordance with the intervals specified in the ASME Code,

Section XI (Reference 6.2-7). The CNV design meets GDC 39 and permits appropriate
periodic examinations that ensure continuing integrity and capability for heat transfer,
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i.e., the design allows inspection of the interior and exterior surfaces for fouling or
degradation that could potentially impede heat transfer from the CNV.

The passive cooling of a CNV does not include or require active components to perform
the containment heat removal function. The CNV provides a large heat transfer surface
with no active components needed for heat removal to the UHS water. Testing of the
passive containment heat removal function for LOCA conditions was performed as
described in Reference 6.2-2 and Reference 6.2-5. The NuScale design supports an
exemption from GDC 40. Section 3.1.4 addresses the NuScale exemption from GDC 40.

System Design

Passive containment cooling is accomplished via direct communication between two
safety-related systems, the CNTS and the UHS. The passive containment cooling
function makes use of the steel CNV and the UHS water that surrounds most of the CNV
except at the top. Containment heat removal consists of heat flow through the CNV
wall, to the water in the UHS. For normal operations, the UHS transfers the heat energy
to the active reactor pool cooling system as described in Section 9.1.3. For accident
conditions, the CNV transfers heat to the UHS and the UHS transfers the heat to the
environment as described in Section 9.2.5. For CNV cooling during accident conditions,
the UHS includes the inventory of water in the reactor pool and the refueling pool, and
the water in the spent fuel pool above the top of the weir. Without active cooling, the
water in these pools is heated and evaporates into the RXB air space before release
through the RXB heating, ventilation, and air conditioning system. Heat removal by the
water in the UHS during passive containment cooling does not credit heat transfer to
the RXB atmosphere or to the heat sinks within the RXB, such as the reactor pool liner
or pool concrete. As described in Section 6.2.1, the transfer of heat energy is sufficient
to prevent the containment from exceeding its design pressure and temperature
following the postulated design basis accidents (DBAs) identified in Chapter 15.

The passive containment cooling function makes use of the steel CNV. Section 3.8.2
describes the design features of the CNV including the dimensions, materials,
penetrations, and attachments.

The generation of post-accident debris from coatings, insulation, latent debris, and
chemical effects is considered along with debris transport and downstream effects in
the CNTS design. Components located within the CNV do not contribute to the
post-accident debris load and are not permitted to use fibrous or organic insulation
materials except when encapsulated in a manner that prevents debris generation (i.e.
conduit or sheathed). The materials selected for the components within containment
take into consideration the anticipated water chemistry conditions. Protective coatings
are not allowed within the CNV and susceptible materials (cables, etc.) are designed to
withstand anticipated accident conditions within containment. Mineral insulated,
metallic sheathed (MI) cable is used and does not contain fibrous insulation so it does
not contribute to debris loading. Cable that is not Ml cable is installed inside conduit.
Thermal insulation is not used inside containment. Section 6.3.2.5 describes
conformance with RG 1.82 and the approach used to address Generic Safety Issue 191
(GSI-191), Assessment of Debris Accumulation on Pressurized Water Reactor Sump
Performance.
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Design Evaluation

The safety-related systems that provide passive containment cooling are the CNTS and
the UHS. These systems are located below grade in the RXB, which is designed to
withstand the effects of natural phenomena hazards such as earthquakes, winds,
tornadoes, or floods while protecting the systems inside. In addition, the CNV and UHS
are also designed to withstand the safe shutdown earthquake.

Removal of heat by the CNV for an accident in an NPM occurs as the accident
progresses with no operator actions required. The large inventory of water in the UHS
pools during power operations means that sufficient containment heat removal
capability is present at the start of an event. Table 9.2.5-1 provides the normal
operating level range for the water in the UHS pools and also shows that lower pool
levels would be sufficient to provide an adequate supply of cooling after an accident.
As shown in the table, the pool water level can be several feet lower than the normal
level and provide 30 days of water coverage over the DHRS condensers and support
ECCS operation. These results indicate the conservatism in the initial inventory of water
available in the UHS pools to support containment heat removal.

The LTC methodology report (Reference 6.2-5) describes the LTC Evaluation Model,
developed using the evaluation model development and assessment process
guidelines given in RG 1.203, to evaluate long-term NPM response during ECCS
operation. The LTC analytical model includes modifications made to the base NRELAP5
model described by the LOCA evaluation model (Reference 6.2-2) to support LTC
calculations. Assessments comparing the NRELAP5 model predictions to experimental
results for significant LTC parameters demonstrate excellent fidelity. The LTC analyses
results demonstrate that all postulated conditions that could affect the ability of the
ECCS to provide adequate LTC are satisfied with respect to collapsed liquid levels,
temperatures and pressures. The results of all cases within these analyses, demonstrate
that the collapsed liquid level remains above the active fuel at all times and that the
cladding temperature remains acceptably low. These results demonstrate sufficient
LTC capability for 72 hours, without operator action, following a design basis event
with ECCS operation with or without power available. For further detail, see

Reference 6.2-5.

Sensitivity analysis results also demonstrate that release of non-condensable gases
contained within the pressurizer does not adversely impact pool heat transfer and long
term cooling conditions.

The CNTS design fully complies with the regulatory positions of RG 1.82 and addresses
GSI-191. The generation of post-accident debris, debris transport, and downstream

effects are considered in the design as described in Section 6.3.2.5.

Additional design evaluation detail addressing the UHS capability is provided in
Section 9.2.5.

Testing and Inspection

Information is provided in Section 6.2.1.6 on the test programs for the CNV for
preservice and initial plant testing (preoperational and startup). After startup,
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operability and performance of the passive containment heat removal function is
ensured through inspection in accordance with GDC 39. Periodic inservice inspection
of the containment heat removal surfaces is performed to assess for surface fouling or
degradation that could potentially impede heat transfer from the CNV. The inspections
ensure the continuing operability of the containment surfaces that perform the heat
removal function.

Inspection of the CNV heat removal surfaces is addressed in Section 6.2.1.6.
Testing and inspection for the UHS are addressed in Section 9.2.5.5.
Instrumentation Requirements

Instrumentation for the CNV is addressed in Section 6.2.1.7 and for the UHS in
Section 9.2.5.6.

Secondary Containment Functional Design

The NuScale Power Plant is not a dual containment design (i.e., the design does not require
a secondary containment function) facility. The design of the NuScale CNV is described in
Section 3.8.2, Section 6.1 and Section 6.2.1.

Containment Isolation System

The RXB has up to 12 NPMs, and each NPM has a containment system (CNTS) with a
containment boundary designed to prevent or limit the release of radioactive materials
under postulated accident conditions. The containment boundary is formed by the CNV
and by the containment isolation valves (CIVs) and the passive containment isolation
barriers that are used to prevent releases through the penetrations in the CNV. Although a
"containment isolation system" is not defined for a NuScale Power Plant, the CIVs for an
NPM are similar to such a system for existing light water reactor plants.

Figure 3.8.2-1 provides an overview of the CNTS showing the CNV components
surrounding an RPV. Figure 6.2-1 has a cutaway view of an NPM. Figure 6.2-2a and

Figure 6.2-2b show the CNV top head and side penetrations. Figure 6.2-3a and

Figure 6.2-3b show and list the penetrations by nozzle number. Figure 3.8.2-4 identifies the
process flow for each of the CNV top head mechanical penetrations. Figure 3.8.2-5
identifies electrical, I&C, and access penetrations in the CNV top head. Figure 6.2-7 is a
hydraulic schematic depicting the major components of the standard capacity and
high-capacity CIV actuators. Figure 6.2-8 is a hydraulic schematic depicting the relationship
between the actuators and hydraulic skids. The hydraulic actuators are described in more
detail in Section 6.2.4.2.2.

Table 6.2-4 lists the 40 penetration openings in the CNV. As shown in the table, there are
the following types of penetrations:

¢ mechanical penetrations for process fluids or gases - 20 total with 12 on the top head
for process flows and 8 on the side with 6 penetrations for ECCS valve actuator
assemblies and 2 penetrations for DHRS process flows

e electrical penetrations for power supply - 3 total on the top head
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e |&C penetrations for signals - 8 total on the top head

e access and inspection port penetrations - 9 total with 2 on the top head and 7 on the
side

Note that in Table 6.2-4 the CNV penetration number 21 is not used and that the opening
of the CNV at the main flange is not considered a penetration opening.

Each of the CNV penetrations has the following type of component forming the
containment boundary.

e Eight mechanical penetrations through the CNV top head have two primary system
containment isolation valves (PSCIVs) in series outside of the CNV that stop the flow
through a process flow path when the valves are closed. These lines connected to the
RCPB or open to the atmosphere inside of a CNV.

* Four mechanical penetrations through the CNV top head have a single secondary
system containment isolation valve (SSCIV) on lines outside of the CNV because the
piping inside of the CNV is a closed piping system and not connected to the RCPB or
the atmosphere inside of the CNV. These closed piping systems inside of the CNV are
part of the containment boundary inside of the CNV, while the CIVs are part of the
containment boundary outside of the CNV when the valves are closed.

e The piping outside of the CNV welded to the two CNV nozzle safe-ends for the main
steam system (MSS) lines is part of the containment boundary outside of the CNV. This
piping is from the safe-end to an MSIV, a main steam isolation bypass valve, and the
two parallel DHRS branch lines.

e Six of the mechanical penetrations through the side of the CNV have a containment
boundary formed by the ECCS valve actuator assembly that includes a sealed valve
bonnet for each trip and reset valve.

¢ Two of the mechanical penetrations through the side of the CNV have closed DHRS
piping outside of the CNV. The piping inside of the CNV is a closed piping system and
not connected to the RCPB or the atmosphere inside of the CNV. These closed piping
systems inside of the CNV are part of the containment boundary inside of the CNV,
while the closed DHRS piping is part of the containment boundary outside of the CNV.

e Twenty electrical, I&C, and access penetrations have a flange opening with a bolted
connection and use O-ring seals to prevent penetration leakage.

The CIVs are designed to provide for the passage of fluids and gases through the CNV
penetrations used for process flows while preserving the integrity of the containment
boundary and preventing or limiting the release of fission products under postulated
accident conditions.

The ClIVs are in the CNTS and are not part of the various process systems that penetrate the
CNV upper head. The valves are however labeled with the interfacing system acronym for
easier identification, i.e., CES, containment flooding and drain system (CFDS), CVCS, reactor
component cooling water system, feedwater system (FWS), and MSS. For example,

Figure 9.3.4-1 shows that the CIVs on the CVCS injection line are not part of CVCS.

Figure 6.2-4 shows the same system boundary change between the CVCS and CNTS
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outside of containment, as well as the system boundary changes for the other process
systems with lines penetrating the CNV upper head.

Figure 6.2-4 also shows the systems to which the process lines connect inside of
containment, i.e., CFDS, RCS, control rod drive system (CRDS), and the SGs. Note that the
figure shows the DHRS has lines that connect to the MSS lines outside of containment and
upstream of the CIVs on the MSS lines. The DHRS also has penetrations through the side of
the CNV without a CIVs on the line outside of the CNV. The containment isolation design
features for the penetrations used for the DHRS piping are described further below.

The passive containment isolation barriers are: 1) the closed piping in the MSS, FWS, and
DHRS inside of the CNV, 2) the piping between a CNV safe-end and an MSIV, an MSIBV, and
the branch lines for the DHRS, 3) the ECCS valve actuator assemblies, 4) the DHRS closed
piping outside of containment, and 5) the flange connections. Note that some of these
components are not part of the CNTS, but are part of the systems that penetrate the CNV.

Design Bases

The primary objective of protecting against the release of radioactive material to the
environment as a result of an accident is accomplished based in part on leakage rates
within acceptance criteria for the CIVs and passive containment isolation barriers. In
addition, there is automatic actuation and closure of the CIVs when specific defined
limits for process variables are exceeded. Both of these capabilities are maintained by
periodic inservice inspection and testing of these containment isolation components.
Table 6.2-4 provides a list the containment penetrations and shows which penetrations
are used for which process system fluids or gases.

Table 6.2-5 provides a list of the CIVs. The ClIVs are grouped into PSCIVs and SSCIVs.
Table 6.2-5 shows the valves in each group. The PSCIVs have two valves in series on
each line through containment and the pair of valves meets the intent of GDC 55 or 56.
The SSCIVs have a single valve on each line (and bypass line) and meet GDC 57. The
bases for meeting the GDCs, or the intent of the GDCs, are explained below, as are the
exemptions needed from the GDCs and their justifications. Table 7.1-4 provides the
conditions under which containment isolation becomes mandatory.

Consistent with GDC 1, the CIVs and the passive containment isolation barriers are
designed, fabricated, erected, and tested to the quality standards commensurate with
the importance of the safety functions to be performed. Consistent with GDC 2, these
containment isolation components are located in the RXB, which is designed to
withstand the effects of natural phenomena hazards, such as, earthquakes, winds,
tornadoes, and floods. These components are protected from natural phenomena
hazards by the RXB and meet Seismic Category | requirements. A summary discussion
of compliance with GDC 1 and GDC 2 is provided in Section 3.1.1.

Consistent with GDC 4, CIVs and barriers are designed to accommodate the effects of
and be compatible with the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents (including LOCAs). These
containment isolation components are also protected against the dynamic effects of
missiles, pipe whip, and discharging fluids that result from in-plant equipment failure
or from events and conditions external to the facility. Additional information
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addressing design criteria for preventing dynamic effects on ClVs is provided in Section
3.6.2.1.2. A summary discussion of compliance with GDC 4 is provided in Section 3.1.1.

Consistent with GDC 5, the CIVs and barriers are designed so that the containment
isolation components on one NPM are not shared among the other NPMs at a NuScale
Power Plant. A summary discussion of compliance with GDC 5 is provided in

Section 3.1.1.

Consistent with GDC 16, the containment isolation components (valves and barriers)
are designed such that isolation of the penetrations and the associated fluid systems,
together with the CNV, establish an essentially leak-tight barrier against the
uncontrolled release of radioactive material to the environment for as long as accident
conditions require. A summary discussion of compliance with GDC 16 is provided in
Section 3.1.2.

Consistent with GDC 54, the piping systems that penetrate the CNV are designed with
leak detection, isolation, and containment capabilities that are redundant and perform
reliably considering the requirements for the type of piping described in GDC 55, 56, or
57, and the exemptions for these GDCs that are justified, as described below for each. A
summary discussion of compliance with GDC 54 is provided in Section 3.1.5.

Consistent with GDC 55 except for the location of isolation valves, each line that
penetrates the containment boundary and is part of the RCPB is provided with two
isolation valves in series. While GDC 55 provides the alternative of an automatic
isolation valve inside and an automatic isolation valve outside containment, both
automatic CIVs on these lines are located outside of the CNV for the NuScale design. A
summary discussion of compliance with GDC 55 is provided in Section 3.1.5.

Consistent with GDC 56 except for the location of isolation valves, each line that
penetrates the containment boundary and is connected directly to the containment
atmosphere is provided with two isolation valves in series. While GDC 56 provides the
alternative of an automatic isolation valve inside and an automatic isolation valve
outside containment, both automatic CIVs on these lines are located outside of the
CNV for the NuScale design. A summary discussion of compliance with GDC 56 is
provided in Section 3.1.5.

Consistent with GDC 57 except for the DHRS piping, the lines that penetrate the CNV
pressure boundary and are neither part of the RCPB nor connected directly to the
containment atmosphere are provided with an automatic isolation valve located
outside of containment. While GDC 57 requires at least one CIV outside of containment
along with closed piping inside of containment, the DHRS containment penetrations
have closed loops of MSS, FWS, and DHRS piping inside of the CNV and closed loops of
DHRS piping outside of the CNV. The closed piping systems inside of the CNV are part
of containment boundary inside of the CNV. The closed DHRS piping outside of the
CNV is part of the containment boundary outside of the CNV and performs this
function without the need for valve actuation. A summary discussion of compliance
with GDC 57 is provided in Section 3.1.5.

With the exception of 10 CFR 50.34(f)(2)(xiv)(E), the ClIVs, including associated controls,
are designed in accordance with 10 CFR 50.34(f)(2)(xiv). The design conforms to the
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requirements of RG 1.141 through adherence to ANS N271-1976. The provisions of
ANSI/ANS 56.2-1984, Section 3.6.5 are applied to penetrations with both CIVs outside
containment that serve non-ESF process systems (see Table 6.2-4). The NuScale design
conforms to RG 1.155 station blackout requirements for CIV closure and valve position
indication with respect to establishing and maintaining containment integrity and
identifying valve closure status. Additional information addressing conformance with
the applicable requirements of 10 CFR 50.34 and conformance with RG 1.141 is
provided in Section 1.9.

The CIVs are hydraulically operated and are designed to fail to the closed position,
which is the safe position, on loss of power or loss of hydraulic pressure. The PSCIVs are
operated by hydraulic actuators powered by nonsafety-related hydraulics and
controlled by two divisions of the module protection system (MPS). The actuators are
powered from two different hydraulic control skids located on different levels of the
RXB to satisfy the single-failure separation requirement. Safety-related, redundant,
normally energized Division | and Il vent solenoids mounted on the hydraulic control
skids de-energize to vent hydraulic pressure from the CIV actuator on an MPS close
signal or loss of power. Stored energy in a nitrogen accumulator closes a PSCIV when
the hydraulic pressure is vented. The SSCIVs are similar except that these valves have
one hydraulically-operated valve and each division is powered from one hydraulic skid.
Nitrogen accumulator pressure indication for each CIV with associated alarms is
provided in the main control room.

6.2.4.2 System Design
6.2.4.2.1 General Description

The containment pressure boundary includes the steel CNV (described in
Sections 3.8.2 and 6.1) and the ClIVs and barriers that close the penetrations in the
CNV. Table 6.2-4, "Containment Penetrations," provides a listing of the
containment penetrations and associated isolation data. A schematic of CNV
penetrations is provided in Figure 6.2-3a and Figure 6.2-3b.

The passive containment isolation barriers use the following design features.

Between a CNV safe-end and a CIV of the main steam lines, there are two tees to the
DHRS piping. Unlike the other CIVs, the MSIVs and bypass valves are not welded to
a safe-end on the CNV top head. The tees are leak tight based on the welded design
(as described in Section 3.6.2.5 and as shown in Figure 6.2-6a).

The ECCS valve actuator assemblies are welded on the outside of the CNV to a
nozzle safe-end. The containment boundary is formed by the body of the valve
actuator assembly (valve manifold) and by a sealed valve bonnet. Each trip and
reset valve has double metal O-ring seals with a port between the seals for periodic
testing of the seal leakage rate.

The DHRS closed piping outside of the containment is leak tight based on the
welded design described in Section 5.4.3. The piping design meets ASME BPVC,
Section lll, Class 2, Subsection NC requirements, and the applicable criteria of NRC
Branch Technical Position 3-4, Revision 2, as described in Section 3.6.2.
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The flange connection closures on the CNV are the covers for the access and
inspection ports, manways, and electrical penetrations assemblies (EPAs). The
closure flanges are provided with double metal O-ring seals with a port between
the seals for periodic testing of the seal leakage rate.

The containment isolation components with moving parts are the CIVs which
function to provide a means of isolating process flow paths that are not required
for safe shutdown or accident mitigation and that pass through containment
penetrations. These valves minimize the release of fission products to the
environment during design basis events while allowing process flows into and out
of the CNV during normal operations.

The CNTS includes instruments that provide signals, along with the instruments in
the various process systems, to the MPS, which has the control logics necessary to
generate an actuation signal to isolate the appropriate CIVs in the process lines.
Instrumentation and control (monitoring and actuation logic) for the ClVs is
described in Section 7.1.

Containment isolation of process piping lines in the NuScale design is provided by
two barriers. Lines that communicate directly with the RCPB or with the
containment atmosphere are equipped with two redundant isolation valves.
Except for the DHRS, the lines penetrating the containment boundary that are not
part of the RCPB or connected directly to the containment atmosphere are
equipped with one isolation valve outside of the CNV with the closed system
piping inside of containment functioning as the inner containment boundary. For
the DHRS piping system, the closed loops inside and outside of containment
function as the two containment boundaries.

The CNTS components and barriers are classified by safety, quality group, and
seismic category. Table 3.2-1 provides the classifications of the CNTS components.
The ClIVs, their valve actuators, and their penetration safe-ends are designated
safety-related and Seismic Category |. The CIVs connected to lines that directly
contact the reactor coolant are classified as Quality Group A. The other CIVs, i.e.,
those connected to lines that are open to the containment atmosphere, or that
form a closed loop inside containment, are SSCIVs, and are classified as Quality
Group B, as shown in Table 6.2-4. With the exception of the DHRS, the process
systems that penetrate the containment pressure boundary are not required for
accident mitigation or for safe shutdown. The three check valves on the CVC lines
that are located outside of the CVC CIVs are designated nonsafety-related and
Seismic Category |, and are classified as Quality Group C as indicated in Table 3.2-1.

The ClIVs are designed to fail to the position that provides for greater safety on a
loss of power to the actuators. Electrical power is not required for actuation of the
isolation function. The valves are designed to close upon de-energization to
perform the containment isolation function. In addition, as shown in Table 7.1-4, on
detection of low AC voltage to the battery chargers, the MPS actuates the ClVs.

The ClIVs are mounted to the top head of the CNV and are external to the CNV. The
ClIVs have position indication available in the main control room.

Tier 2

6.2-31 Revision 5



NuScale Final Safety Analysis Report Containment Systems

The PSCIVs consist of the isolation valves that meet the intent of GDC 55 or 56
requirements and justify an exemption from these GDC. The PSCIVs on the RCS
injection (CVCS makeup), RCS (CVCS) pressurizer spray, RCS discharge (CVCS
letdown), and RCS (CVCS) high point degasification lines satisfy the intent of GDC
55 for isolation of lines penetrating the containment that are part of the RCPB.
Although GDC 55 specifies as an acceptable alternative that one isolation valve
needs to be inside and one outside of containment, the NuScale design provides
two isolation valves in a single valve body outside of containment welded to a CNV
nozzle safe-end. The benefits of this approach include eliminating piping between
valves and between the vessel and the valve. This minimizes RCPB welds outside of
containment and precludes a pipe break or piping leakage between the vessel and
a valve. Also, this approach removes a hydraulically-operated valve from inside of
containment and keeps the valve out of the post-accident atmosphere in a CNV.
These benefits justify an exemption from GDC 55.

The PSCIVs on the CES and CFDS lines also justify an exemption and satisfy the
intent of GDC 56 for isolation lines penetrating the containment that are connected
directly to the containment atmosphere. Although GDC 56 specifies as an
acceptable alternative that one isolation valve needs to be inside and one outside
of containment, the NuScale design provides two isolation valves in a single valve
body outside of containment welded to a CNV nozzle safe-end. The benefits of this
approach include eliminating piping between valves and between the vessel and
the valve. This minimizes welds outside of containment and precludes a pipe break
or piping leakage between the vessel and a valve. Also, this approach removes a
hydraulically-operated valve from inside of containment and keeps the valve out of
the post-accident atmosphere in a CNV. These benefits justify an exemption from
GDC 56.

The PSCIVs are used on the CRDS lines because these lines are not credited as an
containment boundary even though the lines form a closed loop inside
containment and are not connected to the RCPB and are not open to containment
atmosphere. While a single CIV is sufficient for these lines to meet GDC 57, two CIVs
in series are provided.

The SSCIVs consist of the MSIVs, the main steam isolation bypass valves, and the
feedwater isolation valves (FWIVs). These CIVs satisfy GDC 57 for isolation of lines
penetrating the containment that are not part of the RCPB and are not open to the
containment atmosphere.

As shown on Figure 6.2-6a, each line with an MSIV has a main steam isolation
bypass valve (MSIBV) in a parallel flow arrangement to bypass a MSIV. The MSIBV is
a normally closed valve that is in a parallel flow path with the larger diameter MSIV.
The MSIBV are used to introduce steam for secondary system startup prior to
opening the MSIVs. General Design Criterion 57 requires closed system isolation
valves to be located as close to containment as practical. The MSIVs are located
approximately 4 ft from the CNV which meets the intent of this requirement.

As shown on Figure 6.2-6b, a FWIV and feedwater isolation check valves are housed
in the same valve body. These valves are welded directly to the CNV nozzle
safe-end. The purpose of the FWIV is for containment isolation and to provide a
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DHRS pressure boundary. The feedwater isolation check valve closes more rapidly
(<1 second) than the FWIV during a FWLB outside containment. The safety function
of the check valve is to close fast and preserve DHRS inventory.

The ClIVs are located such that there is sufficient access to allow for the following:
* inservice inspection
* 10 CFR 50 Appendix J, Type C testing

* maintenance and repair

The general and functional arrangements of the CIVs are provided on the piping
and instrumentation diagram shown in Figure 6.2-4.

The NuScale CNTS design does not include instrumentation process sensing lines
that penetrate the containment pressure boundary. Pressure, temperature, level,
and flow sensors that monitor processes within an NPM are located inside the
containment pressure boundary with digital or analog signals coupled to
equipment outside of the CNV for processing. The NuScale design conforms to the
intent of GDC 55 and 56 and to the guidance of RG 1.11 by restricting the
instrumentation process lines to within the containment pressure boundary.

Component Description

The valves used to isolate process lines penetrating the containment are of two
basic designs. One design consists of a configuration of two valves (obturators)
contained within a single valve body used for the PSCIVs. The second design is a
single valve design used for SSCIVs.

As shown in Figure 6.2-5, the dual-valve, single-body PSCIV design consists of two
valves (fully independent balls, seats, and actuators) within a single valve body
welded to a CNV nozzle safe-end. Each valve is a ball type design arranged in a
cartridge configuration where the ball, seat, and seals are removed as an assembly
from the valve body for maintenance, repair, or replacement. Valve operation is
based on a ball valve design that rotates such that the ball presses into the valve
seat to close the valve.

In accordance with the regulatory requirements for redundancy, each PSCIV
assembly contains two, independent balls and actuators. The single body design
welded to a nozzle safe-end places the inboard CIV as close to the CNV as possible
and eliminates the potential for a line break between the two valves in series. The
I&C for each valve within a PSCIV assembly are provided by independent divisions
of the MPS.

The PSCIVs connected to lines that directly contact the reactor coolant (i.e.,, GDC 55
lines — RCS injection, RCS discharge, PZR spray, and RPV high-point degasification)
during normal operation are Quality Group A components that are designed,
fabricated, constructed, tested and inspected in accordance with the ASME Code,
Section lll, Class 1, Subsection NB and Seismic Category | criteria.
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The PSCIVs on the CRDS, CES, and CFDS lines are connected to lines that directly
contact the containment atmosphere (i.e., GDC 56 lines) or lines that form a closed
loop inside the containment (i.e.,, GDC 57 lines) are Quality Group B components.
These PSCIVs are classified as ASME Code Class 2; however as permitted by ASME
Subsection NCA-2134(a), they are constructed and stamped as ASME Class 1 valves
in accordance with ASME Boiler and Pressure Vessel Code, Section I, Subsection
NB, since all PSCIVs are intended to be identical.

As shown in Figure 6.2-6a and Figure 6.2-6b, the single valve design consists of one
ball-type valve in a cartridge configuration like the PSCIVs. The SSCIVs have a ball,
seat, and seals that allow for removal as an assembly from the valve body for
maintenance, repair, or replacement. Valve operation is based on a ball valve
design that rotates such that the ball presses into the valve seat to close the valve.

The SSCIVs are designed, fabricated, constructed, tested and inspected to the
ASME Code, Section llI, Class 2, Subsection NC, Quality Group B, and Seismic
Category | criteria. The FWIVs, FW check valves, MSIVs, and main steam isolation
bypass valves are designed to these criteria. The MSIVs and main steam isolation
bypass valves are welded to a short section of piping that is welded directly to a
CNV top head nozzle safe-end. The FWIVs and FW check valves are located in a
common valve body and are welded to a CNV top head nozzle safe-end. The SSCIV
designs include provisions to preclude thermal binding and pressure locking.

When the FWIVs are actuated to close, the FW check valves close first. The FWIVs
then close and fluid between the FWIVs and FW check valves could then heat up.
Design overpressure for this condition is taken into consideration in the dual valve
design. As the fluid heats up and expands, the pressure increase is relieved
passively through a small port in the check valve disk. Testing requirements for this
passive overpressure feature is addressed in check valve exercise testing in

Section 3.9.6.3.2. The closed exercise test verifies the valve is within a flow range
that verifies that the valve is closed, and that the disk port is clear and passing fluid.

The PSCIV materials, including weld materials, conform to fabrication, construction,
and testing requirements of ASME BPVC, Section lll, Subsection NB. The materials
selected for fabrication conform to the applicable material specifications provided
in ASME BPVC, Section Il and meet the requirements of ASME BPVC, Section lll,
Article NB-2000. The SSCIV and MS piping materials, including weld materials,
conform to fabrication, construction, and testing requirements of ASME BPVC,
Section Ill, Subsection NC. The materials selected for fabrication conform to the
applicable material specifications provided in ASME BPVC, Section |l and meet the
requirements of ASME BPVC, Section lll, Article NC-2000. The PSCIVs, SSCIVs and MS
piping are constructed of materials with a proven history in light water reactor
environments. Surfaces of pressure retaining parts of the valves, including weld
filler materials and bolting material, are corrosion resistant materials such as
stainless steel or nickel-based alloy.

Attachment welding of the PSCIVs are conducted utilizing procedures qualified in
accordance with the applicable requirements of ASME BPVC, Section lll, Subarticle
NB-4300 and Section IX. Welding of the SSCIVs and short section of MS piping are
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conducted utilizing procedures qualified in accordance with the applicable
requirements of ASME BPVC, Section lll, Subarticle NC-4300 and Section IX.

When the PSCIVs are actuated to close, the fluid between the two valves could then
heat up. Design overpressure for this condition is taken into consideration in the
dual valve design. As the fluid heats up and expands, the pressure increase causes a
thermal relief device to relieve fluid back to the CNV. The thermal relief device is
integral to the PSCIV. The PSCIV design includes provisions to preclude pressure
locking. Testing requirements for the PSCIV subcomponent relief devices is
addressed in HOV performance assessment testing in Section 3.9.6.3.2. Testing of
skid mounted subcomponents, other that relief devices, is also addressed in
Section 3.9.6.3.2.

The PSCIV design provides a bonnet closure with a double seal with a test
connection in the space between the seals to allow for detection of leakage past
the valve bonnet seals. The valve design also provides for Appendix J, Type C
testing via the use of "testing only" and "inservice" test inserts that allow the
pressurization of each of the two valves (Figure 6.2-5).

Hydraulic actuators are used for both PSCIV and SSCIV designs. Each actuator is
equipped with a hydraulic cylinder applying opening force to the valve and a
pneumatic cylinder that applies closing force to the valve. To open the valve,
hydraulic pressure is increased to exceed the force applied by the passive
pneumatic cylinder. To close the valve, hydraulic fluid is vented, allowing the
passive pneumatic cylinder pressure force to exceed the hydraulic pressure force.
The PSCIV and SSCIV designs are designed and qualified such that torque closure
using pneumatic pressure provides sufficient mechanical wedging to provide
sealing that prevents reopening and unseating of each ball valve for the extended
time period for the design-basis and beyond-design-basis functions assumed for
each individual ball valve. The pneumatic cylinders are precharged with nitrogen
prior to plant operation. The hydraulic cylinders are pressurized by a hydraulic skid
and vented by redundant safety related pilot valves. The hydraulic skid is classified
as safety-related; however, the only safety-related components contained on the
skid are the safety-related pilot valves and associated vent path. Testing
requirements for hydraulic skid-mounted components are provided in

Section 3.9.6.3.2.

Two styles of actuators are used: standard capacity and high capacity. The standard
capacity actuator consists of pilot solenoid valves arranged in two parallel vent
paths (refer to Figure 6.2-7). The high capacity actuator consists of pilot solenoid
valves and pilot dump valves arranged in two parallel vent paths (refer to

Figure 6.2-7). For the high capacity actuator, the pilot solenoid valve actuates the
pilot dump valve. Actuating the pilot dump valve vents the hydraulic line, thereby
closing the valve. The pilot valves are remotely located on hydraulic skids.

Figure 6.2-8 depicts the relationship between the ClIVs, their pilot valve
subcomponents and hydraulic skids. The two hydraulic skids are located in
separate areas of the RXB.

The pilot solenoid valves are controlled by the module protection system (MPS) as
described by Chapter 7. The ClVs fail to the safe (closed) position.
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6.2.4.2.2.2

Piping Systems Connected to the Reactor Coolant Pressure Boundary

Isolation of each containment penetration that is part of the RCPB (RCS
injection, RCS discharge, RCS high point degasification and pressurizer spray) is
provided by a dual valve, single body PSCIV.

When closed, the PSCIVs isolate the reactor coolant in the primary systems that
penetrate the CNV from the outside environment. In accordance with
regulatory requirements for redundancy, two separate valves are incorporated
into each single valve body.

The NuScale design of the PSCIVs on these lines locates both valves outside of
the harsh CNV environment which is a justified approach for meeting GDC 55
for penetrations with lines containing reactor coolant. Compliance with GDC
55 is discussed in Section 3.1.5.

Each PSCIV is remotely operated from the main control room with valve
position indicated and each valve automatically closes under accident
conditions that require containment isolation. These valves also are designed
to close under loss of power. Table 6.2-4 lists the PSCIV open or closed position
for normal and accident conditions.

The CNTS components also include reverse flow and excess flow check valves
provided on the CVC lines. The CVC discharge line contains an excess flow
check valve, located downstream of the CIVs. The CVC injection line and the
pressurizer spray line each contain a reverse flow check valve upstream of the
ClVs.

Piping Systems Open to the Containment

The NuScale design includes two systems that penetrate the containment
boundary and are open to the containment atmosphere. These systems are the
CES and the CFDS.

Isolation of the CES and CFDS lines use the same type of dual valve, single body
PSCIV. The PSCIVs on the CES and CFDS lines are not connected to the RCPB
and like the piping, the PSCIVs are classified as ASME Class 2 valves.

When closed, the PSCIVs on these lines isolate the containment atmosphere
from the CES and CFDS lines outside of the CNV. In accordance with regulatory
requirements for redundancy, two separate valves are incorporated into a
single body.

The NuScale design of the PSCIVs on these lines locates both valves outside of
the harsh CNV environment which is a justified approach for meeting GDC 56

for lines that are open to the containment atmosphere. Compliance with GDC
56 is discussed in Section 3.1.5.

The I1&C for each valve within a dual valve, single body PSCIV are provided by
independent divisions of the MPS. Each PSCIV can be remotely operated from
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the main control room and automatically closes under accident conditions that
require containment isolation.

Table 6.2-4 lists the PSCIV open or closed position for normal and accident
conditions.

Piping Systems Closed to Containment and not Connected to the Reactor
Coolant Pressure Boundary

Each closed piping loop inside of the CNV for a system penetrating the
containment boundary that is neither part of the RCPB nor connected directly
to the containment atmosphere is provided with an SSCIV that is a single CIV
outside of containment, or is provided with a closed loop of piping outside of
containment. The closed piping loop inside containment serves as one of the
two containment boundaries necessary to meet the containment isolation
design requirements.

Each of the following systems is a closed piping loop inside of the CNV that
penetrates the containment boundary:

* main steam system lines (single SSCIV)
* feedwater system lines (single SSCIV)

e decay heat removal system piping (closed piping loop outside of
containment)

When closed, the SSCIVs isolate the main steam and FWS flow paths within the
containment from the lines outside of containment while establishing the flow
path for the DHRS.

Each MSIV and main steam isolation bypass valve is welded to a short section of
piping that is welded directly to a CNV top head nozzle safe-end. The short
sections of piping are designed, fabricated, constructed, tested and inspected
to ASME Code, Section lll, Class 2, Subsection NC criteria. The closed loop
section of the piping inside containment is constructed to the same criteria.
The main steam line is also fitted with a tee for each of the two branch lines that
connect to the DHRS.

The SSCIVs on the main steam and feedwater lines are Seismic Category |,
Quality Group B components capable of remote operation from the control
room. The SSCIVs and the actuators are constructed in accordance with ASME
Code, Section I, Class 2, Subsection NC criteria.

Each SSCIV is remotely operated from the main control room and automatically
closes under accident conditions that require containment isolation. Each valve
has remote position indication in the main control room. The valves are also
designed to close under loss of power. Table 6.2-4 lists the SSCIV open or
closed position for normal and accident conditions.
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The CRDS cooling water lines have CIVs that are of the dual valve, single body
design constructed to ASME BPVC, Section lll, Class 1, Subsection NB, criteria.
These valves are classified as Quality Group B, ASME BPVC, Section lll, Class 2,
Subsection NC, but are designed, fabricated, constructed, tested, and
inspected as Class 1 components. The classification is based on the following.
The CRDS piping and pressure retaining components inside containment form
a closed loop and are designed, fabricated, constructed, tested, and inspected
to ASME BPVC, Section llI, Class 2, Subsection NC. The ClVs for these CRDS lines
are classified as ASME Class 2 components. The isolation valves are welded
directly to the CNV top head nozzle safe-end and the actuators are designed,
fabricated, constructed, tested, and inspected to ASME BPVC, Section lll, Class
1, Subsection NB.

When closed, the PSCIVs on the CRDS lines isolate reactor component cooling
water system piping to and from the CRDMs. The design configuration for
CRDS piping inside containment satisfies GDC 57 criteria for a closed system
inside containment, however, because this piping is not credited as a
containment boundary, the dual valve, single body PSCIVs are used.
Compliance with GDC 57 criteria is discussed in Section 3.1.5.

Each PSCIV on a CRDS line is remotely operated from the main control room
and automatically closes under accident conditions that require containment
isolation. Valve position is provided in the main control room. The valves are
also designed to close under loss of power. Table 6.2-4 lists the PSCIV open or
closed position for normal and accident conditions.

The DHRS is a passive engineered safety system that relies on natural
circulation to remove heat from the RCS through the SG and reject heat to the
reactor pool. Containment isolation is provided by closed loop Seismic
Category |, Quality Group B, ASME Class 2 piping inside and outside of the
containment boundary. The system is described here to the extent that the SG
walls and DHRS piping address the GDC 57 dual barrier criteria. The
containment pressure vessel penetrations for the DHRS are listed in Table 6.2-4.

The DHRS steam side piping branches off each main steam line external to the
CNV and upstream of a MSIV. Each DHRS steam supply line contains two
actuation valves in parallel that are normally closed during operation.

The FWIV assembly includes a safety-related check valve housed in the same
valve body as the SSCIV. The FWIV check valve closes more rapidly than the
than the FWIV in the event of a FWLB outside containment to preserve DHRS
inventory.

The DHRS actuation valves are Seismic Category |, Quality Group B components
capable of remote operation from the control room and automatic actuation
based on the isolation of main steam and feedwater to the RPV. The actuation
valves and actuators are constructed in accordance with ASME BPVC Section lll,
Class 2, Subsection NC.

Tier 2

6.2-38 Revision 5



NuScale Final Safety Analysis Report Containment Systems

6.2.4.2.3

6.2.4.3

The NuScale design configuration for the DHRS satisfies the intent of GDC 57
with the exception that closed loop piping provides an isolation barrier outside
of containment rather than an isolation valve. The NuScale design
configuration for DHRS piping does not comply with the GDC 57 criteria for an
isolation valve for each containment penetration with a closed piping loop
inside of containment. An exemption from GDC 57 is justified based on the
design of the DHRS piping. GDC 57 requires at least one CIV outside of
containment along with closed piping inside of containment. For the DHRS
containment penetrations, the closed loops of piping inside of containment
and closed loops of piping outside of containment justify an exemption from
GDC 57.

The DHRS piping outside of containment performs the isolation function and
establishes the containment boundary outside of containment without the
need for valve actuation. Compliance with GDC 57 is discussed in Section 3.1.5.
Section 5.4.3 provides a description of the DHRS.

System Operation

Piping systems penetrating the containment are provided with leak detection,
isolation, and containment capabilities. The components forming the containment
boundary for the containment penetrations in these piping systems provide two
independent means of isolating fission products from beyond the outer
containment boundary. The NuScale designs for the PSCIVs and SSCIVs allow for
normal operation of the systems shown in Figure 6.2-4 and automatic isolation of
the valves for accident conditions that require containment isolation. Table 6.2-4
provides the time for each valve to receive the signal to start closing and the time
to complete closing. The designs of the CIVs permit periodic operability and leak
testing. Testing details are discussed further in Section 6.2.4.4 and Section 6.2.6.

Design Evaluation

The primary purpose of the containment isolation function is to prevent the release of
radioactive materials with an essentially leak tight barrier. This purpose is
accomplished by the integrity of the CNV and with isolation of the penetrations for the
CNV. Containment isolation actuation and control logic, valve actuation and control
features, and valve closure times are taken into consideration.

The components in the CNTS are designed to Seismic Category | criteria. The CIVs are
designed in accordance with ASME Code, Section Ill and meet Group A or Group B
quality standards, as defined in RG 1.26. Components that serve as part of the RCPB
meet Group A quality standards. Conformance with RG 1.26 is discussed in

Section 1.9.1.

The quality groups for CNTS components are provided in Table 3.2-1. Quality standards
applicable to the respective quality groups are described in Section 3.2.

The ClIVs are protected from external hazard effects by their placement within the RXB
structure. Protection from internal hazards is addressed in Section 3.4 (flooding),
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Section 3.5 (missiles), Section 3.6 (pipe rupture), Section 3.7 (earthquake), and Section
9.5 (fire). Environmental qualification of CNTS components is addressed in Section 3.11.

Redundancy is provided for containment isolation of the lines penetrating
containment. Isolation of each piping penetration is provided by two barriers in series
consisting of either; two redundant CIVs outside of containment, a CIV outside of
containment combined with a closed piping system inside of containment, or a closed
piping system outside of containment with a closed piping system inside of
containment. With this arrangement, no single active failure can prevent containment
isolation of a piping penetration. Containment boundary valve and barrier
components are redundant, in that each isolation valve and barrier arrangement
provides for backup in the event of accident conditions. A failure modes and effects
analysis (FMEA) evaluating the effect of postulated CIV failures is provided by

Table 6.2-6. The isolation valve and barrier arrangements satisfy the intent of GDCs 54,
55, 56, and 57 and conform to RG 1.141. Conformance with GDCs 54, 55, 56, and 57 is
discussed in Section 3.1.5. The design conforms to the applicable requirements of

RG 1.141 through adherence with ANS N271-1976. The provisions of

ANSI/ANS 56.2-1984, Section 3.6.5 are applied to penetrations with two redundant CIVs
outside containment that serve non-ESF process systems (see Table 6.2-4).
Conformance with RG 1.141 is addressed in Section 1.9.1.

Where the isolation boundary is provided by a CIV, the valve is designed to fail to the
safe (isolate) position on loss of hydraulic pressure, loss of signal, or loss of power to the
actuator.

Redundant CIV actuator vent solenoid valves are powered from redundant
safety-related divisions of MPS. Redundancy in the instrumentation and control system
for the CIS is discussed further in Section 7.1.

As described in Section 8.4, the fail-safe feature of the CIVs and passive containment
cooling design ensures containment integrity is maintained in the event of a station
blackout. The NuScale containment isolation function is initiated upon loss of power
and the isolation valves remain closed for the duration of design basis events. The
passive cooling design of the NuScale reactor plant provides a reliable coping
capability that is able to achieve safe shutdown and maintain core cooling and
containment integrity for an indefinite duration, independent of AC power sources.

Conformance with General Design Criterion 5 is discussed in Section 3.1.1.

The closed piping systems within the containment are designed to withstand CNV
design conditions for external design pressure and temperature, and to withstand the
environmental effects resulting from a LOCA. The closed piping systems are protected
against LOCA effect missiles, pipe whip, and jet forces. Qualification of the closed
piping inside containment also takes into consideration differential pressure,
maximum humidity, a steam-laden atmosphere, and the presence of chemical
additives in the atmosphere.

The closed DHRS piping loops outside of containment that do not include an isolation
valve are designed to withstand reactor vessel design pressure and temperature. The
piping forms a passive containment isolation barrier located outside of containment
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and is designed to function under the most adverse anticipated environmental
conditions to which the piping may be exposed.

The piping systems that penetrate containment are provided with leak detection,
isolation, and containment capability having redundancy, reliability, and performance
capabilities commensurate with the containment isolation function. Leakage detection
capability and the leakage detection test program are addressed in Section 6.2.6. The
CIV operability tests are discussed in Section 3.9.6. Redundancy and reliability of the CIV
actuation system is discussed in Section 7.1. Taken together, these programs establish
the overall reliability of the CIVs.

The ClIVs described in Section 6.2.4.2 are located as close as practical to the CNV wall by
welding directly to a CNV nozzle safe-end, or for the main steam lines, to a short length
of piping welded to a safe-end.

The CIVs and barriers are capable of performing their intended function under the
maximum integrated radiation levels to which they may be exposed during the
component's service life. The accumulative effect includes lifetime operational
exposure plus the maximum anticipated exposure following a design basis accident.

Each line penetrating containment that is either part of the RCPB, connects directly to
the containment atmosphere, or is not credited as meeting the requirements of a
closed piping system inside of containment is provided with a dual isolation valve
assembly (single body design) located outside of containment with automatic isolation
capability that is welded directly to a CNV nozzle safe-end.

Each line that penetrates containment that is neither part of the RCPB nor connected
directly to the containment atmosphere and satisfies the requirements of a closed
piping system inside of containment is provided with piping and components that are
constructed to ASME Code Section I, Class 2, Subsection NC criteria with a design
pressure and temperature equivalent to the RCS.

The containment boundary design for the DHRS justifies an exemption from the GDC
57 criteria. Instead of a single isolation valve located outside of containment, the DHRS
relies on the passive isolation barrier of a closed piping system outside of containment.
The DHRS piping penetrations have a closed piping system inside of containment and
closed piping loops outside of containment. The DHRS closed piping loops and
actuation valves are designed in accordance with ASME Code Section lll, Subsection
NC, Quality Group B, Seismic Category | criteria and provide a "passive" alternative to an
"active" CIV located outside of containment.

The containment penetrations associated with systems not required for safe shutdown
or accident mitigation isolate automatically upon a containment isolation actuation
signal. The isolation signal is an engineered safety features actuation system (ESFAS)
signal received from the MPS. The MPS consists of four independent measurement
channels that monitor plant parameters and activate the operation of the engineered
safety features systems, including the initiation of the containment isolation function.
Refer to Section 6.2.2.5 for additional detail. The design basis of the MPS is discussed in
Section 7.1.
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The NuScale control systems are designed for resetting an isolation signal without
automatically reopening the valves. An override control function is performed by
deliberate operator action and only after actuation signal reset. Reset does not
automatically cause any isolation valve to change position. The reopening of more
than one CIV at a time is precluded by design. Reopening of isolation valves is
performed valve by valve or line by line.

Actuation of the containment isolation function consists of the closure of the CIVs on
the MSS, FWS, reactor component cooling water system, CVCS, CES, and CFDS lines. As
shown in Table 7.1-4, an ESFAS containment system isolation actuation signal is
initiated on high containment pressure, low-low pressurizer level, low AC voltage to
the battery chargers, or high under-the-bioshield temperature.

Discussion of the redundancy and diversity of the instrumentation relied upon to
initiate the containment isolation function is provided in Section 7.1.

Closure times for ClVs are established to minimize the release of containment
atmosphere to outside of the containment boundary and mitigate offsite radiological
consequences by providing a rapid response to a closure signal, in accordance with
GDC 54. Closure times are specified in Table 6.2-4. Closure times for the isolation valves
are independent of containment back-pressure considerations. Valve closure times
consider the instrument delay time, actuation signal setpoint, and time to be in the
fully-closed position.

The PSCIVs and SSCIVs are designed such that closure times assume the valve begins to
stroke within two seconds of de-energization or loss of power and fully stroke closed
within five seconds of beginning the stroke for a total of seven seconds.

The PSCIVs are capable of stopping fully developed pipe break flow for both steam and
liquid conditions, within the seven second total valve closure time. The basis for these
flow conditions is to bound the expected range of flows.

The MSIVs are capable of stopping fully developed pipe break flow for steam
conditions, within the seven second total valve closure time. The basis for these flow
conditions is to bound the expected range of flows. The main steam isolation bypass
valve is capable of closure within 7 seconds of receipt of a closure signal or loss of
power.

The FWIVs are capable of stopping fully developed pipe break flow in both the forward
and reverse directions, within the seven second total valve closure time.

The open or closed status of CIVs is provided in the main control room.

The effects and consequences of events that require the containment isolation
function are discussed in Chapter 15. The containment pressure and temperature
response following mass and energy releases inside containment (e.g., LOCA, main
steam or FWLBs) is discussed in Section 6.2.1.

The MPS conforms with 10 CFR 50.34(f)(2)(xiv) in that signal diversity is provided for the
containment isolation function.
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6.2.4.4

6.2.4.4.1

6.2.4.4.2

The PSCIVs, SSCIVs and safety-related instrumentation that support the containment
isolation function are designed such that no single failure can result in loss of the
protective function.

The NuScale design provides the capability to periodically test the CIVs for leakage and
functionality, the details of which are provided in Section 3.9.6.3 and Section 6.2.6.
During normal operation, any bolted connection or valve stem packing that forms part
of the pressure boundary of the PSCIVs includes a double seal and means to detect,
measure, and terminate leakage past the seals. The SSCIVs are designed with a means
to preclude or monitor and capture leakage past the bonnet seals and valve stem
packing.

Tests and Inspections

The CIVs and barrier components are designed to permit rigorous inspections and
performance of tests to ensure that functional capability of the components is
maintained under design basis accident conditions.

The PSCIVs connected to lines that directly contact reactor coolant are inspected as
Class 1 components and those that directly contact the containment atmosphere or
form a closed loop inside containment are inspected as Class 2 components. The
SSCIVs are classified and inspected as Class 2 components. Preservice and ISI
requirements associated with the PSCIVs ASME BPV Class 1 components are
summarized in Section 5.2. Preservice and ISI requirements associated with the SSCIVs
and MS piping meet the applicable inspection requirements of Section Xl of the ASME
BPV. The SSCIVs and MS piping components are designed such that the ISI
requirements of ASME BPVC, Section Xl can be performed, including the preservice
inspections of ASME Section IIl.

The periodic inspections and testing programs meet ASME BPV and OM Codes in
accordance with 10 CFR 50.55a.

Initial Functional Testing

A description of initial test programs, including tests for the CIVs and barriers, is
provided in Chapter 14.

ClVs are testable through the entire sequence initiated by a containment isolation
signal. The ClVs are verified to close within the time specified in Table 6.2-4.

Periodic Operability Testing

The leak-tight integrity of the CNV and the isolation valves and barriers is
established and verified periodically as described in Section 6.2.6. Additional
information addressing the inservice testing of containment isolation components
is provided Section 3.9.6.3.

Each CIV body is designed with test connections that facilitate Appendix J, Type C,
leakage testing. Refer to Section 6.2.6 and Section 6.6 for details on testing features
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6.2.4.5

that provide for containment leak rate tests according to 10 CFR 50, Appendix J, for
the CNV penetrations.

Plant technical specifications specify the periodic leak rate testing and inspection
and surveillance testing requirements for the CNV and the CIVs and barriers.

Instrumentation and Control

Instrumentation and controls covering the anticipated range of normal operation,
anticipated operational occurrences and accident conditions for the variables that
could affect containment isolation and associated systems are provided to ensure
adequate safety. The protection system is designed to sense operating conditions and
automatically initiate the actuation of the CIVs and other components or systems
needed for accident mitigation. Manual control capability to mitigate the
consequences of faulted conditions is also provided, at the division level, via the
instrumentation and control system.

The MPS provides instrumentation and controls to sense accident conditions and
initiate the operation of necessary engineered safety features. These instruments and
control devices are served by instruments that support achieving their requirements
for redundancy, independence, and testability to ensure the systems safety functions
are accomplished. The occurrence of a limiting fault, such as a LOCA, FWLB or a
steamline break, requires a reactor trip and actuation of one or more of the engineered
safety features in order to ensure containment integrity.

The NuScale design integrates the safety system parameters and capabilities into the
control room design and displays. The CIV position indication is provided in the main
control room. Control room indication is provided by two redundant MPS divisions that
transmit the system information to the safety display and indication system (SDIS)
displays. The SDIS provides the continuous indication of system status and supports
manual initiation of protective actions, if required.

The ESFAS, which is part of the MPS, consists of four redundant separation groups that
monitor the plant parameters that activate the operation of the ESFAS containment
isolation function. MPS uses a two-out-of-four coincidence with two independent,
diverse, and redundant divisions of ESFAS such that a single failure will not prevent the
containment isolation function from being accomplished when it is required.

Each ESFAS signal measurement channel trips when the associated parameter exceeds
a predetermined set point. The ESFAS signal coincident logic is designed so that no
single failure can prevent a safeguards actuation when required, and no single failure
in a single measurement channel can generate an unnecessary safeguards actuation.

To satisfy single failure requirements, containment isolation signals are actuated by
either of two redundant hardwired switches located in the main control room for each
module, one per ESFAS signal division. Using two-out-of-four logic, each division
actuates one of a pair of redundant isolation valves. The ESFAS signal generates a
containment isolation signal on low-low pressurizer level, high narrow range
containment pressure, low AC voltage, and high under-the-bioshield temperature.
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6.2.5

6.2.5.1

The MPS is designed such that once initiated, automatic or manual, the protective
action sequence continues to completion with deliberate operator action required to
return MPS to a non-tripped (reset) state. A seal-in of the ESFAS logic is provided at the
division level. When plant conditions allow, the operator can manually reset the
division level actuation signal and reposition the isolation valves. Operator action is
allowed only after the equipment has fully actuated to the required position by the
engineered safety feature safety function.

The MPS allows for periodic on-line surveillance testing during power operations
without adversely affecting safety or operability of the generating station.

Refer to Section 7.1 for further details on the fundamental design principles of
instrumentation and control, and Section 7.2.12 for details on automatic and manual
control.

Combustible Gas Control in the Containment Vessel

This section addresses control of combustible gases that have the potential to accumulate
in containment following postulated accidents including beyond-design basis accidents
involving up to 100 percent fuel clad-coolant reaction in conformance with GDC 5,
principal design criterion 41 (Section 3.1.4) and 10 CFR 50.44.

Regulatory requirements dictate the control of generated combustible gases by
establishing the capability to ensure a mixed containment atmosphere, controlling
combustible gas concentrations in containment during and following an accident that
releases hydrogen (i.e., LOCA) and the capability to continuously measure containment
hydrogen concentrations following a significant beyond design-basis accident.

The combustible gas control requirements for future water cooled reactor containments of
reactor designs that have a comparable potential for the production of combustible gases
to the current light water reactor designs are prescribed in 10 CFR 50.44(c).

The potential for generation and accumulation of combustible gases within containment
exists following an accident as a result of fuel cladding-coolant reaction and radiolysis of
reactor coolant.

Sufficient hydrogen and oxygen could be generated from these sources and accumulate
into a flammable or detonable mixture. However, hydrogen combustion scenarios
occurring within the first 72 hours following design basis or beyond design basis event
initiation, have no adverse effect on containment integrity or plant safety functions.

Design Bases

The NuScale CNV design, does not require an inerted atmosphere or means to limit
hydrogen concentrations in order to prevent a hydrogen combustion event that could
result in a loss of containment structural integrity or accident mitigation features. The
CNV can withstand the environmental conditions created due to combustible gas
deflagrations, reflected detonations, and deflagration-to-detonation transitions (DDT)
for design basis or severe accident scenarios. For the NuScale design, CNV structural
integrity and availability of equipment necessary for safe shutdown are assured
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without reliance on an inert atmosphere or low hydrogen concentrations. Hydrogen
combustion scenarios, occurring 72 hours following an event initiation, have no
adverse effect on containment integrity or plant safety functions. The CNV design does
not use combustible gas control systems. The NuScale design supports an exemption
from the hydrogen control requirements of 10 CFR 50.44(c)(2).

NuScale examined the potential for combustible gas (hydrogen and oxygen)
accumulation in the containment during and following postulated severe accidents.
The type of severe accidents cons