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(6) Monitoring of essential generators,
transformers, and circuits is provided in the
main control room.

12.12.53 Power Conversion Systems Process
Control Criteria

(1) Control equipment is provided to control the
reactor pressure throughout its operating
range.

(2) The turbine is atle to respond automatically
to minor changes in load.

(3) Control equipment in the feedwater system
maintains the water level in the reactor
vessel at the optimum level required by steam
separators.

(4) Control of the power conversion equipment is
possible from a certral location.

1.2.12.6 Power conversion Systems Criteria

Components of the power conversion systems
shall be designed to perform the following basic
objectives:

(1) produce electrical power from the steam
coming from the reactor, condense the steam
into water, and return the water to the
reactor as heated feedwater with a major
portion of its gases and particulate
impurities removed; and

(2) assure that any fission products or
radioactivity associated with the steam and
condensate during normal operation are safely
contained inside the system or are released
under coatrolled conditions in accordance
with waste disposal procedures.

1.2.2 Plant Description
1.22.1 Site Characteristics
12.2.1.1 Site Location

The plant is located on a site adjacent to or
close to a body of water with sufficient capacity
for either once-through or recirculated cooling
or a combination of both methods.

1.22.12 Description of Plant Environs

Amendment 21
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122.12.1 Meteorology

The safety-related structures and equipment
are designed to retain required functions for
the loads resulting from any tornado with
characteristics not exceeding the values
provided in Table 2.0-1.

Tornado missiles are discussed in Section
3.5,

122122 Hydrology

The safety design basis of the plant provides
that structures of safety significance will be
unaffected by the hydrologic parameter envelope
defined in Chapter 2.

1.22.123 Geology and Seismology

The structures of safety significance for the
plant are designed to withstand a safe shutdown
carthquake (SSE) which results in a freefield
peak acceleration of 0.3g.

1.22.1.2.4 Shielding

Shielding is provided throughout the plant, as
required to maintain radiation levels to operat-
ing personnel and to general public within the
applicable limits set forth in I0CFR20 and
10CFR100. It is also designed to protect
certain plant components from radiation exposure
resulting in unacceptable alterations of
material properties or activation.

1.2.2.13 Site Arrangements

The contzinment and building arrangements
including equipment locations are shown in
Figures 1.2-2 through 1.2-31.

1222 Nuclear Steam Supply Systems

The nuclear steam supply system includes a
direct-cycle forced-circulation boiling water
reactor that produces steam for direct use in
the steam turbine. A heat balance showing the
major parameters of the nuclear steam supply
system for the rated power conditions is shown
in Figure 1.1-2.

1222.1 Reactor Pressure Vesse' System

128
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supporting structures; the steam separators and
dryers; the control rod guide tubes; the spargers for
the feedwater, RHR and core flooder system; the
control rod drive housing; the in-core instrument-
ation guide tubes and housings; and other
components. The main connections to the vessel
include stcamlines, feedwater lines, reactor internal
pumps, control rod drives and in-core nuclear
instrument detectors, core flooder lines, residual
heat removal lines, head spray and vent lines, core
plate differential pressure lines, internal pump
differential pressure lines, and water level
instrumentation.

A venturi-type flow restrictor is a part of the
reactor pressure vessel nozzle configuration for cach
steamline. These restrictors limit the flow of steam
from the reactor vessel before the main steamlire
isolation valves are closed in case of a main
steamline break outside the containment

Control rod drive housing supports are located
internal to the reactor vessel and the control rod
drive. The supports limit the travel of a control rod
in the event that a control rod housing is ruptured.

The reactor vesse! is designed and fabricated in
accordance with applicable codes for a pressure of
1250 psig. The nominal operating pressure in the
steam space above the separators is 1040 psia. The
vessel is fabricated of low alloy steel and is clad
internally with stainless steel or Ni-Cr-Fe Alloy
(except for the top head, RIP motor casing, nozzles
other than the steam outlet nozzle, and nozzle weld
zones which are unclad).

The reactor core is cooled by demineralized water
that enters the lower portion of che core and boils as
it flows upward around the fuel rods. The steam
leaving the core is dried by steam separators and
dryers located in the upper portion of the reactor
vessel. The steam is then directed to the turbine
through the main steamlines. Each steamline is
provided with two isolation valves in series, one on
each side of the containment barrier.

12222 Nuclear Boiler System
1.222.2.1 Main Steamline Isolation Valves

All pipelines that both penetrate the containment
and offer a potential release path for radioactive
material are provided with redundant isolation

capabilities. Automatic isolation valves are provided

Amendment 20
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in each main steamline. Each is powered by both
steam pressure and spring force. These valves
fulfill the following objectives:

(1) prevent excessive damage to the fuel barrier
by limiting the loss of reactor coolant from
the reactor vessel resulting from either a
major leak from the steam piping outside the
containment or a malfunction of the
pressure control system resulting in
excessive steam flow from the reactor vessel;

(2) limit the release of radioactive materials by
isola. i ¢ the reactor coolant pressure
boundai ‘n case of the detection of high
steam line radiation,

1.2.2.2.2.2 Main Steamline Flow Instrumentatie

The steam flow instrumentation is connectea 0
the venturi type steam nozzle of the RPV. The
instrumentation provides high nozzle flow isolation
signals in case of a main steam line break.

1.2.2.2.2.3 Nuclear System Pressure Reliel
System

A pressure reliel system consisting of
safety/relief valves mounted on the main
steamlines is provided (o prevent excessive
pressure inside the nuclear system as a result of
operational transients or accidents,

1.2.2.2.2.4 Automatic Depressurization System

The ADS rapidly reduces reactor vessel pressure
in a loss-of-coolant accident, enabling the
low-pressure RHR to deliver cooling water to the
reactor vessel.

The ADS uses some of the safety relief valves
that are part of the nuclear system pressure relief
system. The safety relief valves used for ADS are
set to open on detection of appropriate low reactor
water level and high drywell pressure signals. The
ADS will not be activated unless either RHR /low
pressure flooding loop pump are operating. This is
to ensure that adequate coolant will be available to
maintain reactor water level afler depressurization,

1.22.2.2.5 Reactor Vessel Instrumentation

In addition to instrumentation for the nuclear

1.26
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TABLE 1.3-1

COMPARISON OF NUCLEAR STEAM SUPPLY SYSTEM
DESIGN CHARACTERISTICS (Continued)

' This Plant* GESSAR NMP-2
ABWR BWR/6 BWR/S
Design 278872 218-748 251764
Thermal and Hydraglic (Continued)
Design power
peaking factor
Maximum relative 1.40 1.40 1.40
assemble power
Local peaking 125 1.13 1.24
factor
Axial peaking 1.40 1.40 140
factor
’ Total peaking 243 2.26 243
factor
Nuclear (first core)
(Section 4.3)
| Water/UO; 295 270 255
volume ratio
(cold)
Reactivity with <(.99 <{.99 <0.99
strongest control
rod out (kegf)
Dynamic void -5.20c @ -1.16 -8.57
coefficient 102% rated
(¢/%) at core output
average voids 302 40.95 40.54
(%) (EQC-rated
autput)
Fuel temperature  -0.360 -0.412 0.419
doy per coeffi-
cient (¢/°C)
(EOC-rated output)
. l 'Pammetér}—,‘?v the core loading in Figure 4.3-1 used in the sensitivity analysis.

23A6100AC

Grand Gulf
BWR/6

1.40
1.13
1.40

2.26

270

<099

<714

41.31
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TABLE 131

COMPARISON OF NUCLEAR STEAM SUPPLY SYSTEM

DESIGN CHARACTERISTICS (Continued)

l This Plat® GESSAR  NMP2
ABWR BWR/6 BWR/S
Design 2718-874 238748 251764
| Core Assembly (Continued)
Core diameter 233 185.2 160.2
(equivalent)
(in.)
Core height 146 150 146
(active fuel)
(in.)
Reactor Control System
(Chapters 4 an”. 7)
Method of Movable Movable Movable
variation of control control rods control
. reactorn power rods and and variable rods and
variable forced variable
forced coolant forced
coolant dow coolant
flow flow
Number of 205 177 i85
movable con-
trol rods
Shape of Cruciform  Cruciform  Cruciform
movable control
rods
Pitch of 122 120 120
movable control
roas
Contraol B4C B4C B4C
material in granules granules granules
movable rods compactew. compacted compacted
in 8S tubes  in 88 in 83
tubes tubes
‘ I *Parameters for the core loading in Figure 4.3-1 used in the sensitivity analysis.

Gread Guif
BWR/6
251800

191.5

150

Movable
control
rods and
variable
forced
coolant

193

Cruciform

120

ByC
granules
compacted
in 88
iubes
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Table 1.7-1

PIPING AND INSTRUMENTATION
AND PROCESS V'LOW DIAGRAMS
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Table 1.7-1

PIPING AND INSTRUMENTATION AND
PROCESS FLOW DIAGRAMS (Continued)

SSAR Fig. No.  Page No. Title Type

92.2 9..35 HVAC Normal Cooling Water System P&ID
92-3 9.2-37 HIVAC Emergency Cooling Water System P&ID
9.2-4 9.2.39 Makeup Water System (Condensate) P&ID
9.2.5 9.2-40 Makeup Water System (Purified) P&ID
93-1 9316 Standby Liquid Control System P&ID
03-1A 9.3-16.1 Standby Liquid Control System PFD

9.3-6 93-21 Instrument Air System P&ID
93.7 9.3.22 Service Air System P&ID
94-8 94-8 Drywell Cooling System P&ID
9.5-1 9.5-11 Suppression Pool Cleanup System P&ID

Amendment 21 173
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Table 1.7-4
CONVERSION TABLES-METRIC TO ASME STANDARD UNITS

Flow-Volume Per Unit Time

i L) 3 1
M /HR GAL/MIN M /HR GAL/MIN M /HR GAL/MIN M /HR GAL/MIN

1K 440 1000 4402
200%) KRS
0 MKK)
4x) XX
SOK SOKK)
OHix)
',',..,
SUE X

AKX

Temperature

Pressure

Ke/(
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Amendment 20

M

0.001
0.002
0.3
0.004
0.008
0.006
0.007
0.008
0.000

inch

0.004
0.008
0.012
0.016
0.020
0.024
0.028
0.032
0.035

M

0.1
0.2
03
04
0.5
0.6
0.7
0.8
0.9

Table 1.7-4
CONVERSION TABLES-METRIC TO ASME STANDARD UNITS (Continued)

Length
Inch

0.039
0.079
0.118
0.157
0.197
0.23
0.276
0.315
0.354

=

O 00 3D & Wt

23M6100AC
Rev. ©

Inch

328
6.56
9.84
13.12
16.40
19.69
2297
26.25

29.53

M
10

30
40
50
60
0
80
9%

Inch

3281
65.02
9843
131.2
164.0
196.9
229.7
262.5
2053

1756
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TABLE 1.8-19

SRPs and BTPs Applicable To ABWR
(Continued)

ABWR
Appl. Issued Appli
Rev., Date cable?

Chapter 11 Radiosctiv A¢ Management

Chapter 12 Radiation Protection

Lomments




ABWR 2AGI0AC

sn.nd.m El.n‘ REY. C
TABLE 1.8-19
SRPs and BTPs Applicable To ABWR
(Continued)
APWR
Appl. Issued Appli-
SRP No. Rev. Date cable? _Comments
122 Radiation Sources 2 7/81 Yes
l‘.;;‘ Radiation Protection Design Features 2 7/81 Yes
125 Operational Radiadon Protection Progrem 2 7/81 - Interface
Chapter 13 Conduct of Operations
13.1.1 Manzgement and Technical Support
Organization 2 7/81 - Interface
1312+ Operating Organization 2  7/81 - Imerface
13.13
13.2 Training (Replaced by SRP Sections 13.2.1 and 13.2.2)
1321 Reactor Operator Traming 0 7/81 - Interface
1322 Training For Non-Licensed Plant Staff 6 7/81 - Interface
153 Emergency Planning 2 7/81 - Interface
134 Operational Review 2 U8 - Interface
135 Plant Procedures (Replaced by SRP Sections 13.5.1 and 13.5.2)
13.5.1 Administration Procedures 0 7/81 - Interface
135.2 Operating and Maintenan.c Procedures 1 7/85 - Interface
Appendix A 0 7/8 - Interface
136 Physical Security 2  7/81 Yes ABWR and
Interface
Chapter 14_Initial Test Program
14.1 Initial Plant Test Programs - PSAR  (Deleted,
142 Initial Plant Test Programs - FSAR 2 7/81 Yes

143 Standard Plant Design, Initial Test Program -
Final Design Approval (FDA)  (Deleted)

Amendment § 1.8-33
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TABLE 1.8-20

RGs Applicable to ABWR (Continued)

ABWR
Appl Issued Appli
Regulatory Guide Title Rey Date cisble Comments




ABWR

TABLE 1.8-20

RGs Apyplicable to ABWR (Continued)

RGNo.  Regulatory Guide Title

1.73

1.78

1.9

1.81

1.82

183

1.84

1.85

1.86

Amendment 17

Qualification Tests of Electric Valve Ope-
rators Installed Inside the Containment of
Nuclear Power Plants.

Quality Assurance Terms and Definitions.
Physical Independence of Electric Systems.

Design Basis Tornado for Nuclear Power
Plants

Assumptions Used for Evaluating a Control
Rod Ejection Accident for Pressurized Water
Reactors.

Assumptions for Evaluating the Habitability
of a Nuclear Power Plant Control Room Dur-
ing a Postulated Hazardous Chemical Re-
lease.

Preoperational Testing of Emergency Core
Cooling Systems for Pressurized Water Reac-
tors.

Shared Emergency and Shutdown Electric Sys-

tems for Multi-Unit Power Plants.

Water Sources for Long-Term Recirculation
Cooling rollowing Loss-of-Coolant Accident,

In-Service Inspection of Pressurized Water
Reactor Steam Generator Tubes.

Design and Fabrication Code Case Acceptabi-
lity, ASME Section I1I, Division 1.

Materials Code Case Acceptability, ASME
Section III, Division 1.

Termination of Operating Licenses for Nu-
clear Reactors.

23A6100AC
UESTT ISR
ABWR
Appl.  lssued  Appli-
Rev, Date  cable?  Comments
0 1/74 Yes
Superceded See Table
17.0-1
3 9/78 Yes
0 4/74 Yes
0 5/74 No PWR only
0 6/74 Yes
1 9/75 No PWR oniy
1 1775 Yes
1 11/85 Yes
1 7/78 No PWR only
27 11/% Yes
27  11/9% Yes
0 6/74 Interface

1843
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TABLFE 1.8-21 (Continued)
. INDUSTRIAL CODES AND STANDARDS

APPLICABLE TO ABWR

Code or

Standard

Number Year Title

N4525 1974 Supplementary Quality Assurance Roquirements or

Installation, Inspection, und Testing of Structu 4l
Concrete and Structural Steel During the Construction
Phase of Nuclear Power Plants

N4528* 1976 Quality Assurance Requirements for Installation,

(RG 1.116) Inspection, and Testing of Mecharical Equipment and
Systems

NS09 1980 . -Jclear Power Plant Air Cleaning Units and Components

NS510 1980 Testing of Nuclear Air-Cleaning Systems

N101.2 1972 Protective Coatings (Paints) for Light Water Nuclear

Containment Facilities

N101.4 1972 QA for Proteciive Coatings Applied to Nuclear Facilities
. N195 (See ANS 59.51)
N237 (See ANS 18.1

* As modified by NRC accepted alternate positions to the related Regulatory Guide and identified
in Table 2-1 of Reference 1 to Chapter 17.

Amendment 21 18541
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IAZ2S8  leport on Outages of Emergency

Core-Cooling Systoms Licensee Report

and Proposed Technical Specification

Changes [11LK.3(17)] 1A.2.25 Modification of Automatic De-
Pressurization System Logic - Feasi-

NRC Pos bility for Increased Diversity for S« me
Cvent Sequen ves [TLK.3(18))
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phamum approach, One
nsidered s ADS

!

| water level provided
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Standard Plant — A

TABLE 2.0-1
ENVELOPE OF ABWR STANDARD PLANT SITE DESIGN PARAMETERS

Maximum Ground Water Level Extreme Wind:  Basic wm Speed: @
2 feet below grade 10mph™ "’ /130tmph
Maximum Flood (o Tsunami) Level: Tornado:' Y
1 foot below grade - Maximum tornado wind speed: MOmph
- Translational velocity: 60mph
Precipitation (for Roof Design) ®) « Radius: 150 1
- Maximuin rainfall rate: 194 in/hr - Maximum atm VP; 20 psid
- Maximum snow load: 50 Ib/sq. ft. - Missile Spectra: Per SRP 3514
Spectrum 1
Design Temperatures: Soil Properties:
- Ambient - Minimum Bearing Capacity (demand): M(o)
1% Exceedance ¥alucs - Minimum Shear Wave Velocity: 1000fps
- Maximum: 100" F dry bull/77°F coincident wet - Liquification Potential:
None at plant site rﬂlﬂu
- Minimum: -10°F from OBE and SSE
0% Excerdance ¥ alucs (Historjcal limit) Selsmology:
- Maximum: 1157F dry bulb /82" F coincident wet - OBE rmfimund Acecleration (PGA):
! 0.10g )
- Minimum: - 40°F = - 8SE PGA : 0.30g
- Emergency Cooling Water Inlet: 95°F - SSE Fesponse Spectra: per Reg Guide 1.60
- Condenser Cooling Water Inlet ; £ 1000F - SSE Time History: Envelope SSE Response
Spectra
(1 50-year recurrence interval; valae to be utilized for design of non-safety-related
Structures only.
) 100-year recurrence interval; value to be utilized for design for safety-relatzd structures
only.
(% Frobable maximum flood level (PMF), as defined in ANSI/ANS-2.8, "Determining Design Basis
Flooding at Power Reactor Sites.”
(4 10,000,000-vear tomado recurrence interval.
(%) Free-field, at plant grade elevation.
(6) For conservatism, a value of 0.15g is employed to evaiuate structural and component
responses in Chapter 3.
) See item 3 in Section 3A. 1 for additional information.
(8) Maximum value for 1 hour 1 sq. mile PMP with ratio of 5 minutes to 1 hour PMP as found in
National Weather Source Publication HMR No. 52. Maximum short term rate; 6.2in/Smin.
9)

This is the minimum shear wave velocity at low storms after the soil property uncertainties
have been applied.

Amendment 21 202




ABWR

Standard Plant

CHAPIER A
FTABLE OF CONTENTS (Continued)

Section Fithe
APPENDIX SEISMIC SONLSTRUCTURE INTERACTION ANALYSIES
APFENDIX CONTAINMENT LOADS

APPENDIX COMPUTER PROGRAMS USED IN THE DESIGN AND
ANALYSIS OF SEISMIC CATEGORY I STRUCTURY

APPENDIN COMPUTER PROGRAMS USED INTHE DESIGN O}
COMPONENTS, EQUIPMENT AND STRUCTURES

APFENDIX & GUIDELINES FOR LBE APPLICATIONS
APPENDIX . wleted
APPENDIX | REACTOR BUILDING ANALYSIS RESULTS

APPENDIX DESIGN DETAILS AND EVALUATION RESULTS
OF SEISMIC CATEGORY | STRUCTURES

APPENDIX FQUIPMENT QUALIFICATION ENVIRONMENTAI
DESIGN CRITERIA

APPENDIX ) CONTROL BUILDING SEISMIC ANALYSIS/RESULTS




ABWR 2AGIMAE
Standard Plant RLY. B

TABLE 3241

CLASSIFICATION SUMMARY
The classification information is presented by System *** in the following order:

Table Table
1241 MPL 3241 MPL
Item No,  Number®* Titke ltem No,  Number®* Title
M Nuclear Baller Sussily St
Bl B11 Reactor Pressure Vessel cn 91 Process Computer (Includes
System* PMCS and PGCS)
B2 B21 Nuclear Boiler System* ci2 (&4 Relueling Platform Control
Computer
B3 B3l Reactor Recirculation System
C13 9% CRD Removal Machine Control
C Control and Instrument Systems Computer
Ci ci Rod Control and Information D Radiation Moenitoring Systems
Svstem
D1 D11 Process Radiation Monitoring*
C2 C12 Control Rod Drive System System
C3 31 Feedwater Control System D2 D2 Arca Radiation Monitoring
Svstem
4 4 Standby Liquid Control
System
Cs Cs1 Neutron Monitoring System* D3 D23 Containment Atmospheric
Monitoring System*
C6 Ot Remote Shutdown System
E Core Cucling Syates
7 ol Reactor Protection System*
El Ell Residual Heat Removal
(&) C81 Recirculation Flow Control System*
System
E2 E2 High Pressure Core Flooder
9 C82 Automatic Power Regulator System*
System
C10 CRS Steam Bypass and Pressure

e

Control System

These systems or subsystems thereof, have a primary function that is safety-related. As shown
in the balance of this Table, some of these systems contain non-safety related components and,
conversely, some systems whose primary functions are non-safety related contain components that
have been designated safety-related.

Master Panis List Number designated for the system

*** Only those systems that are in the ABWR Standard Plant scope are included in tiiis table.

Amendment 20 324
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TABLE 1.2.1
CLASSIFICATION SUMMARY (Continued)
TR T‘*
) & g 3241 MPL
Wi 5 A Title ltem No.  Number®® Titke
i L7 Jooling Systems (Continued) F12 F51 Inservice Inspection
Equipment
€3 E31 Leak Detection and Isolation
System* G Reactor Auxiliary Systems
Ed ES1 Reactor Core Isolation Cooling G G3 Reactor Water Cleanup System
System*
G2 G4l Fuel Pool Cooling and Cleanup
¥ Reactor Servicing Equipment System
F1 F11 Fuel Servicing Equipment G3 GS1 Suppression Pool Cleanup
System
F F12 Miscellancous Serv cing
Equipment H Control Panels
F3 Fi3 RPV Servicing Equipment Hi H11 Main Control Room Panels®
F4 Fl4 RPV Internal Servicing H2 H12 Control Room Back Panels®
I Equipment
H3 H14 Radioactive Waste Control
FS F15 Relucling Equipment Pancls
F6 Flo Fuel Storage Facility H4 H21 Local Control Panels*
¥ F17 Under- Vessel Servicing HS H22 Instrument Racks
Equipment
Ho6 H23 Mutiplexing System
Fx F21 CRD Maintenance Facility
H7 H2§ Local Control Boxes
F9 F22 Internal Pump Muintenance
Facility
F10 Fi2 Fuel Cask Cleaning Facility
Fl1 Fa1 P.ant Start-up Test Facility

* These systems or subsystems thereof have a primary function that is safety-related. As shown in
the balance of this Table, some of these systems contain non-safety related components and,
conversely, some systems whose primary functions are non-safety related contain components that
have been designated safetv-related.

**  Master Pants List Number designated for the system

Amendment 21 127
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TABLE 3.2-1
CLASSIFICATION SUMMARY (Continued)

Table Table
121 MPL 3241 MPL
liem No.  Number®® Titke ltem Ng,  Number®* Titke
J Nuclear Fuel N12 N3G Extraction System
1 mn Nuclear Fuel N13 N37 Turbine Bypass System
2 2 Fuel Channel N4 N3ig Reactor Feedwater Pump Driver
h Radioactive Waste System N1§ N39 Turbine Auxiliary Steam System
Kl K17 Radwaste System N16 N4l Gienerator
N Power Cycle Systems N17 N42 Hydrogen Ga: Cooling System
N1 N1 Tr+line Main Steam System NI N43 Ger crator Cooling System
N2 N21 Condensate, Feedwater and N19 Nad Generator Sealing Oil System

Condensate Air Extraction

System N20 N§1 Exciter
N3 N22 Heater, Drain and Vent System N2 N61 Main Condenser
N4 N2* Condensate Purification System N2 N62 Offgas System
NS N26 Condensate Filter Facility N23 N71 Circulating Water System
N6 N27 Condensate Demineralizer N24 N2 Condenser Cleanup System
N7 N3l Main Turbine P Station Auxilaicy Systems
NE N32 Turbine Control Syste P1 P11 Make Water System

(Purified)
N9 N33 Turbine Gioad Stcam System
m P13 Makeup Water System

N10 N34 Turbine Lubricating Oil (Condensaw. )

System
N11 N3§ Moaisture Separator Heater

&

*  These systems or subsystems thereof, have a primary function that is ufety-r;'aud. As shown in
the balance of this Table, some of these sysiems contain non-safety relatec* components and,
conversely, some systems whose primary functions are on-safety related contain components that
have been designated safety-related.

**  Master Pants List Number designated for the system

Amendment 21 3271
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TARLE 3.2.1

CLASSIFICATION SUMMARY (Continued)

Table

1241 MPL

lem No.  Number®* Title

P Station Auxiligry Systems (Continued)

P3 P21 Reactor Building Cooling
Water System®

P4 P22 Turbine Building Cooling
Water System

PS P24 HVAC Normal Cooling Water
System

P6 P25 HVAC Emergency Cooling Water
System

P? Pa2 Oxygen Injection System

P8 P40 Ultimate Heat Sink

Po P4l Reactor Service Water System

P10 Pa2 Turbine Service Water System

P11 P51 Station Instrument Air System

P12 Ps2 Instrument Air System

P13 P54 High Pressure Nitrogen Gas
Supply System

P4 P61 Heating Steam and Condensate
Water Return System

Fi$ P62 House Boiler

Pi6 P63 Hot Water Heating System

..

Amendment 21

Master Pants List Number designated for the system

2AAL100AE
— N
Table
324 MPL
ltem No.  Numbee** Titke
P17 P73 Hydrogen Water Chemistry
System
P P4 Zinc Injection System
P19 P81 Breathing Air System
P20 P91 Sampling System (Includes PASS) |
P21 P2 Freeze Protection System
P22 Pos Iron Injection System
W Station Electrical Systems
R1 R10 Electrical Power Distributios
System
R2 R11 Unit Auxiliary Transformer
R3 R13 Isolated Phase Bus
R4 R21 Non-Segreated Phase Bus
RS R22 Metalclad Switchgear
R6 R23 Power Center
R7 R24 Maotor Control Center
RK R31 Raceway System
R9 R34 Grounding Wire
R10 R3S Electrical Wiring Penctration

These systems or subsystems thereof, have a primary function that is safety-related. As shown
in the balance of this Table, some of these systems contain non-safety related components and,
conversely, some systems whose primary functions are non-safety related contain components that
have been designated safety-related.

3272
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FARIF 1.2.1

CLASSIFICATION SUMMARY (Continued)
Tuble
MPI 321 MFL
Number** Fithe Item No Number*®

Station Electrical Systems

Containment and Eonvironmental Control

aYsiems
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TABLE 3.2-1
CLASSIFICATION SUMMARY (Continued)
Tuble Tuble
3241 MPL 1241 MPL
liem No,  Number*® Title liem No.  Number**
v
(Continued)
uve U48 Decontamination System
U10 un Reactor Building®

un un Turbine Building*

v12 U7 Control Building*

Uil U4 Radwaste Building

U4 u7s Service Building

Y Yard Structures and Equipment

Y1 Y3l Stack

Y2 Y52 Oil Storage and Transfer
System

Y3 Y86 Site Security

W6I0AE

These systems or subsystems thereof, have a primary function that is safety-related. As shown

in the balance of this Table, some of these systems contain non-safety related components and,
conversely, some systems whose piimary functions are non-safety related contain components that

have been designated safety-related.

**  Master Pans List Number designated for the system

Amendment 20
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Principal Component
B2 Nuclear Boller System  Continued)

TARLE 3241

CLASSIFICATION SUMMARY (Continued)

4. Piping including supports
main stcamline (MSL) and feed-
water (FW) line up to and in-
cluding the outermost wsolation
valve

5. Piping including supports-

8 MSL from outermost

& isolation valve to and including
seismic interface restraint and

FW from outermost isclation valve
to the shutoff valve

9. Deleted

10. Pipe whip restraint - MSL/FW
if needed

21020

8. Deleted

a
b.

6. Piping including supports-MSL
from the seismic interface
restraint to the tarbine stop valve

7. Piping from FW shutoff valve
to seismeic interface restraint

11. Piping including supports-other
within outermost isolation valves

RPV head vent
Main steam drains

12. Piping including supports-other
beyond outermost isolation or

shutoff valves

Amendment 21

b.

Safet
Clm‘

RPV head vent beyond N

shutoff valves

Main steam drains

N

[u:,.

CSC

8C.T

sC

CSC

SC

Quality
Group
Classi-
fication

A

C

B/D

Quality
Assurance Selsmic

Regul I' Cat f

B I

b 1

B

1 I

B
B 1

B I

E o
B T
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FABRLE A2
CLASSIFICATION SUMMARY (Continued)
Quality

Group Quality

Loca Classi ASSUrance Selsmie

o 5 5 ¢ .
Principal Component 3 tion Dcation Reguirement Calegory

B2 Nuclear Boller Svstem

Notes
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ABWR o

TAELE 3.2-1
CLASSIFICATION SUMMARY (Continued)

Quality
Group Quality
Safety Loca-  Classi- Assurance Seismic
Pringipal Component® Class®  tion®  fication®  Requirement® Categors’  Notes
B3 Reactor Recirculation System

1. Piping-Purge System, heat 3 C C B 1 (s)
exchanger and primary side
of recirculation motor ¢ool-
ing system (RMCS)
2. Pipe Supports 3 & G B I
3. Pump motor cover 2 C B B I
and hardware
4. Pump non-pressure retain- N C E
ing parts including motor,
instruments, electrical
cables and seals
5. Valves 3 & 5 B 1 (®)
6. ATWS equipment associated N C E (cc) I

with the pump trip function
C1 Rod Control and Information System
1. Electrical Modules N RZX D E
2. Cable N SCRZX D B

€2 CRD System

1. Valves with no safety related N SC D E
function (not part of HCU)
2. Piping including supports- 2 CsC B B | 1]
insert line
3. Piping other (pump suction, N SC D E (g)
pump discharge, drive
header)
4. Hydraulic control unit 2 SC e B 1 (k)
5. Fine motion drive motor N C - E oo

Amendment 20 3211
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FABRLE 31.2.1

CLASSIFICATION SUMMARY (Continued)

Quality

Group Quality

Loca Classi ASSuUrance Selsmic
[ ¢ ¢
tion fication Reguirement Category Notes

o
mponent

Fl Fuel Servicing Equipment

Miscellaneous Servicing Equipment
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ABWR nAsImAE

TARLE 324
CLASSIFICATION SUMMARY (Continued)

Quality
Group Quality
" Sdcq, Loc, Classi- d Assurance 5 Seismic '
Fi RPV Servicing Equipment N/2 SC E
F4 RPV Internal Servicing Equipment N SC E
F& Refueling Equipment
1. Refueling equipment N SC E I (bb)
platiorm assembly
2. Refueling bellows N SC E
F6 Fuel Storage Equipment
1. Fuel storage racks - N SC “e E 1 (bb)
new and spent
2. Defective fuel storage N SC E (bb)
3. Spent fuel pool liner N SC g 1
F7 Under-Vessel Servicing Equipment N SC B (bb)
F8 CRD Maintenance Facility N sC E -
F9 Internal Pump Maintenance Facility N SC B -
F10 Fuel Cask Cleaning Facility N SC E
F11 Plant Start-up Test Equipment N M E

Amendment 21 32-1.
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FARL}

i

v 8

CLASSIFICATION SUMMARY (Continued)

Principal Compouent :
Kl  Radwaste System

N1 Turbine Main Steam System

Dek

Laca

{
Lion

l‘hnlllly
Group

Class)

¢
fication

Quality

Assurande

L
Reguirement

SeIsmi

Laegonr

Notes
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IABLI

CLASSIFICATION SUMMARY (Continued)

\“!UAAIA‘\

(.(HU‘! i_hl.u"“

Class) Assurance Setsmid

Principal Component® L 1} d Lo ﬂ.nw:'" Reguirgment® ! "“LZ"?' Notes

NI Turbine Main Steam Sy

Condensate, Feedwater and Condensate

Alr Extraction System

NI  Heater, Draln and Vent Syvstem

Condensate Purification System

NE  Condensate Filter Facility

N6 Condensate Demineralizer

Main Turbine

NH Turbine Control System




NO

N1O

N1l

Ni2

NI13

N4

N1§

N16

N17

NIS

N1Y

N20

N2

N22

N23

N24

Principal Component”
Turbine Gland Steam System

Turbine Lubricating Oil System
Moisture Separator Heater

Extraction System
Turbine Bypass System
1. Turbine bypass piping
including supports
up 1o the turbine
bypass valve
Reactor Feedwater Pump Driver
Turbine Auxiliary Steam System
Generator
Hydrogen Gas Cooling System
Generator Cooling System
Generator Sealing Oil System
Exciter
Main Condenser
OfTgas System
Circulating Water System

Condenser Cleanup Facility

Amendment 21

.

Safet
&Jm¥
N

N

N

z

gl G U - N A - -

=

TABLE 3241
CLASSIFICATION SUMMARY (Continucd®

;?'
T
T
T

R T T T e I I I B

Quality

Group Quality

Classi- d Assurance p Seismic {

f D“ Regul I Cal Not

E
E
E &
’ E |
|
D E - |
|
- F o
- £
E >
N E
) E :
. E A
E .
E
D F 42
E .
‘
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CLASSIFI

Pring ipal ( Qrupone: t*
Pl '-L.Leu' Water Svstem (W

P2 Makeup Water System (Condensats)

P3

3 \lll‘ t

ATION SUMMARY (Continued

Ounlity
Lroup
Class!

T utl rl"

]

fanty
ASSUrANnce

Reguirement®

Selsmi

i .uhb‘ur)f
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TABLE 3.2-1
CLASSIFICATION SUMMARY (Continued)

Quality
Group Qeeality
Sal Loca-  Classgis Assurance Selsmic
Pry cipal Component® c:n‘% tiou®  fication?  Requirement®  Category’
US  Hertag Ventluting, and
Ale Conditicw’ sy Systems* (Continued)

g Ve'ves and Dampers- 3 SCRZ B I
sccondary containm ~nof
isolation

h. Otk r safervy-related 3 HZ B |
valves and wampers

i.  Eleatrical moditas wich 3 SCRZ - B I
safety-related funcrica HX

j. Cable wdh safety-related 3 SCRZ - B I
function HX

2. Non-safcty related equipment**®

a. HVA’ mechanical or N SCRZH - E -
elecitica: components XW,T
with non-safety related
functions
U6  ¥ire Protection System
1. Piping including supports and 2 C B B 1
valves forming part of the
primary containment boenduy
2. Other piping including supports N SCCX D E
and valves RZH,T,
w.0
3. Pumps N F D E owe
4. Pump motors N F E oo

* Includes thermal and radiological environmental control functions withir the ABWR Standard
Plant scope.

** Controls environment in rooms or areas containing non-safety related equipment within the
ABWR Siandard Piant.

Amendment 20
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FARLE 2.1 .

CLASSIFICATION SUMMARY (Continued)

Quality

Group Quality
Saflet Loca Class) ASsurance Selsmu
y ) ¢ ( | i
Principal '-llcjmhu\!l Clnss Lion fication Requirement Calegonr Noles
L6 Fire Protection System
| M I {1, (v
RZ.
I W
) N "/’ I {)lu
N B o i { i
) b 5 H, W S D i 1) (v
X RZ1
} preact ! ' ] i1ty
U7  Floor Leakage Detection System N SURYZ !
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. 8. The recirculation motor cooling system (RMCS) is classified Quality Group C and Sufety Class 3 which

is consistent with the requirements of 10CFRS0.55a. The RMCS, which is part of the reactor coolant
pressure boundary (RCPB) meets 10CFRS0.55a (¢)(2). Postulated failure of the RMCS piping varnol
cause a loss of reactor coolant in excess of normal makeup (CRD return or RCIC flow), and the RMCS
is not an engineered safety feature. Thus, in the event of a po-tulated failure of the RMCS piping
during normal operation, the reactor can be shutdown a1d cooled down in an orderly manner, and
reactor coolant mekeup can be provided by a normal make up system (e.g., CRD return or RCIC
systemj. Thus, per 10CFRS50.55a(¢)(2), the RMCS need not be classified Quality Group A or Safety
Class 3, however, the system is designed and constructed in accordance with ASME Boiler and Pressure
Vessel Code, Section 111, Class 1 criteria as specified in Subsection 393.1.4 and Figure 5.4-4.

t, A quality assurance program ior the Fire Protection System meeting the guidance of Branch Technical
] Position CMEB 9.5-1 (NUREG-0800), is applied.

u. Special seismic qualification and quality assurance requirements are applied.

[ v, See Reg Guide 1.143, paragraph C.5 for the offgas va lt seismic requirements.

w. The condensate storage tank will be designed, fabricated, and tested to meet the intent of API
Standard API 650, In addition, the specification for this tank will require: (1) 100% surface
examination of the side wall to bottom joint and {2) 100% volumetric examination of the side wall
weld joints,

| x. The craues are designed to hold up their loads and to maintain their positions over the units under
conditions of SSE.

y. All off-engine components are constructed to the extent possible to the ASME Code, Section 111,
Class 3.

2. Components associated with safety-related function (e.g., isolation) are safety-related.

aa. Structures which support or house safety-related mechanical or electrical components are
safety-related.

| bb. Al quality assurance requirements shal' be applied to ensure that the design, construction and
| testing requirements are met,

- cc. A quality assurance program, which meets or exceeds the guidance . eneric ! stter 85-06, is applied
g to all non-safety related ATWS equipment.

dd. The need for pipe whip restrairts on the MSL/FW piping will be determined by a "leak-before-break”
¢ valuation.

l ec. [he condenser anchorage and turbine procedure is given in Subsection 3.7.3.16 and the codes, load
combinations, snd structural acceptance criteria are given in Table 3.2-4.

\
| .
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.42 Tornado Loadings

I Design Wind Velocity

Applicable Design Parameters

1A22 Determination of Forces on Structures
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are provided on all air in‘ake and exhaust
openings. These dampers are designed (o
wilh tand & negative 1.46 psi pressure.

3323 Eftect of Fallure of Structures or
Components Not Designed for Tornado Loads

All salety-related system and componenis are
protected within tornado-resistani structures.

See Subsection 3.3.3.3 for interface requirement.
L3 Interfaces
A3 Site-Specific Design Basis Wind

The site-specific design basis wind shall not
exceed the design basis wind given in Table 2.0-1
(See Subsection 2.2.1).

3332 Site-Specific Design Basls Tornado

The site-specific design basis tornado shall
not exceed the design basis tornado given in
Table 2.0-1 (See Subsection 2.2.1).

L33Y Effect of Remainder of Plant Struc.
tures, Systems, and Components not Designed for
Tornado Loads

All remainder of plant structures, systems,
and compoacents not designed for tornado loads
shall be analyzed for the site-specific loadings
to ensure that their mode of failure will not
effect the ability of the Seismic Category | ABWR
Standard Plant structures, systems, and compo-
nents to perform their intended safety functions
(See Subsection 3.3.2.3)

1.3.4 References

I. ANSI Standard AS8.1, Minimum Design Loads
Jor Buildings and Other Structures,
Committee A. 58.1, American National
Standards lostitute,

ro

ASCE Paper No. 3269, Wind Forces on
Structures, Transactions of the American
Society of Civil Engineers, Vol. 126, Part
Il
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ANSI/ANS 2.3, American National Standard,
Estimationg Tornado and Extreme Wind
Characteristics at Nuclear Power
Sites, Standards Committee Working Group
ANS--2.3, American Nuclear Soc.ety.

Bechiel Topical Report BC-TOP-3-A, Revision
3, Tornado and Extreme Wind Design Criteria
for Nuclear Power Plants.
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152311 Concrete Structures and Barriers

The modified Petry formula (Reference 3) is
applied analytically for missile penctration in
oncrete. To prevent perforation, a minimum
concrete thickness of 2.2 times the penetration
thickness determined for an infinitely thick
concrete slab is employed. In the event that
spalling or scabbing is unacceptable, a minimum
concrete thickness of 3 times the penctration
thickness determined for an infinitely thick
concrete slab is provided. These dusign
procedures have been substantiated by fuil-scale
impact tets in which 1, ‘orced concrete panels
(12 1o 24 inches thick, 3000-psi design
strength) were impacted by poles, pipes, and
rods simulating tornado-borne debris (Reference
4).

15212 Steel Structure and Barriers

The Stanford cquation (Reference §) is
applied for steel structures and barriers.

1532 Overall Damage Prediction

The overall responie of a structure or
barrier to missile impact depends largely upon
the location of impact (e.g., near mid-span or
ncar a support), dynamic properties of the
steucture /barrier and missile, and on the ki-
netic energy of the missile. In general, it has
been assumed that the impact is plastic with all
of the initial momentum of the missile trans-
ferred to the structure or barrier and only a
portion of the kenetic energy absorbed as strain
encrgy within the structure or barrier.

After demonstrating that the missile does not
perforate the structure or barrier, an equi-

Amendment 14
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3.6 PROTECTION AGAINST DYNAMIC
EFFECTS ASSOCIATED WITH THE
POSTULATED RUPTURE OF PIPING

This Section deals with the structures, sys-
tems, components and equipment in the ABWR
Standard Plant.

Subsections 3.6.1 and 3.6.2 describe the
design bases and protective measures which ensure
that the containment; essential systems, compo-
nents and equipment; and other esseatial struc-
tures are adequately protected from the conse-
quences associated with a postulated rupture of
high-energy pipieg or crack of moderate-cuergy
piping both inside and outside the containment.

Before delineating the criteria and assump-
tions used to evaluate the consequences of pip-
ing failures inside and outside of containment,
it is necessary to define a pipe break event and
a postulated piping failure:

Pipe break event: Any single postulated
piping failure occuiting during normal plant
operation and any subsequent piping failure
and/or equipment failure that occurs as a direct
consequence of the postulated piping failure.

Postulated Piping Failure: Longitudinal or
circumferential break or rupture postulated in
high-energy fluid system piping or throughwall
leakage crack postulated in moderate-energy fluid
system piping. The terms used in this definition
are explained in Subsection 3.6.2.

Structures, systems, components and equipment
that are required to shut down the reactor and
mitigate the consequences of a postulated piping
failure, without offsite power, are defined as
essential and are designed to Seismic Category 1
requirements.

The dynamic effects that may result from a
postulated rupture of high-energy piping include
missile generation; pipe whipning; pipe break
reaction forces; jet impingement forces; compart-
ment, subcompartment and cavity pressurizations;
decompression waves within the ruptured pipes and
seven types of loads idcatified with loss of cool-
ant accident (LOCA) on Table 3.9-2.

Amendment 21

BAG100AE
SE— ' i

Subsection 3.6.3 and Appendix 3E describe the
implementation of the leak-before-break (LBB)
evaluation procedures as permitted by 7“¢ broad
scope amendment to General Electric Critevion 4
(GDC-4) published in Reference 1. It is antici-
pated, as mentioned in Subsection 3.6.4.2, that
a COL applicant will apply to the NRC for
approval of LBB gualification of selected piping
by submitting a technical justification report.
The approved piping, referred (¢ in this SSAR as
the LBB piping, will be excluded from pipe
breaks, which are required to be postulated by
Subsection 3.6.1 and 3.6.2, for design against
their potential dynamic effects. However, such
piping are included in postulation of pipe
cracks for their effects as described in
Subsections 3.6.1.3.1, 3.6.1.2,1.5 and
36.2.1.6.2. It is emphasized that an LBB
qualification submittal is not a mandatory
requirement; a COL applicant kas an option to
select from none to all technically feasible
piping systems for the benefits of the LBB
approach. The decision may be made based upon a
cost-benefit evaluation (Reference 6).

3.6.1 Postulated Piping Failures
In Fluid Systems Inside and
Outside of Containment

This subsecticn sets forth the design bases,
description, and safety evaluation for determin-
ing the effects of postulated piping failures in
fluid systems both inside and outside the con-
tainment, and for including necessary protective
measures.

3.6.1.1 Design Bases
3.6.1.1.1 Criteria

Pipe hreak event protection conforms to 10CFRS0
Appendix A, General Design Criterion 4, Environ-
mental and Missile Design Bases. The design
bases for this protection is in compliance with
NRC Branch Technical Positions (BTP) ASB 3-1 and
MEB 3-1 included in Subsections 2.6.1 and 3.6.2,
respectively, of NUREG-0800 (Standard Review
Plan).
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consonance with the acknowledgment of protection
against dynamic effects associated with a pipe
break event. Analytically sized and positioned
pipe whip restraints are engineered to preclude
demage based on the pipe break evaluation.

3.6.1.12 Objectives

Protection against pipe break event dynamic
effects is provided to fulfill the following ob-
jectives:

(1) Assure that the reactor can be shut down
safely and maintained in a safe cold s™ut-
down condition and that the consequences of
iue postulated piping failure are mitigated
to acceptable limits without offsite power.

(2) Assure that containment integrity is main-
tained.

(3) Assure that the radiclogical doses of a pos-
tulated piping failure remain below the
limits of 10CFR100.

3£ 113 Assumptions

The following assumptions are used to deter-
mine the protection requirements.

(1) Pipe break events may occur during normal
plant conditions (i.e., reactcr startup,
operation at power, normal hot standby* or
reactor cooldown to a cold shutdown condi-
tions but excluding test modes),

(2) A pipe break event may occur simultaneously
with a seismic event, howeves, a seismic
event does not initiate a pipe break event,
This applies to Seismic Category | and non-
Seismic Category | piping.

(3) A single active component failure (SACF) is
assumed in systems used to mitigate conse-
quences of the postulated piping failure and
to shut down the reactor, except as noted

*  Normal hot standby is a normally attained
zero power plant operating state (as opposed
to a hot standby initiated by a plant upset
condition) where both feedweoter gnd main
condenser are available and in use.

Amendment 3
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in item (4) below. A SACF is malfunction or
loss of function of a compcnent of electric-
al or fluid systems. The failure of an ac-
tive component of a fluid system is consi-
dered to be a loss of component function as
a result of mechanical, hydraulic, or elec-
trical malfunction but not the loss of com-
ponent structural integrity. The direct
consequences of a SACF are considered to be
a part of the single active failure. The
single active component failure is assumed
to occur in addition to the postulated
piping failure and any direct consequences
of the piping failure.

Where the postulated piping failure is as-
sumed to occur in one of two or more redun-
dant trains of a dual-purpose moderate-en-
ergy essential system (i.e., one required to
operate during normal plant conditions as
well as to shut down the reactor and miti-
gate the consequences of the piping fail-
ure), single active failure of components in
the other train or trains of that systew
only are not assumed, provided the system is
designed to Seismic Category | standards, is
powered from both offsite and onsite sour-
ces, and is constructed, operated, and in-
spected to quality assurance, testing and
inservice inspection standards appropriz’=
for nuclear safety-related syste . F
sidual heat removal system is an example ..
such a system,

If a pipe break event involves a failure of
non-Seismic Categorv | piping, the pipe
break event must not result in failure of
essential systems, components and equipment
to shut down the reactor and mitigate the
consequences of the pipe break event consid-
ering a SACF in accordance with items (3)
and (4) above.

If loss of offsite power is a direct conse-

quence of the pipe break event (e.g., trip
of the turbine-generator producing a power
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surge which in turn trips the main breaker),
then a loss of offsite power occurs in a
mechanistic time sequence with a SACF.
Otherwise, offsite power is assumed available
with a SAC®,

(7) A whipping pipe is not capable of rupturing
impacted pipes of equal or greater nominal
pipe diameter, but may develop throughwall
cracks in equal or larger nominal pipe sizes
with thinner wall thickness.

(8) All available systems, including those ac-
tuated by operator actions, are available to
mitigate the consequences of a postulated
piping failure. In judging the availability
of systems, account is taken of the postu-
lated failure and its direct consequences
such as unit trip and loss of ofisite power,
and of the assumed SACF and its direct con-
sequences. The feasibility of carrying out
operator actions are judged on the basis of
ample time and adequate access to equipment
being available for the proposed actions.

Although a pipe break event outside the
containment may require 2 cold shutdown, up to
eight hours in hot standby is allowed in order
for plant personnel to assess the situation
and make repairs.

(10) Pipe whip occurs in the plane defined by the
piping geometry and causes movement in the
dircction of the jet reaction. If unre-
strained, a whipping pipe with a constant
energy source forms a plastic hinge and
rotates about the nearest rigid restraint,
anchor, or wall penetration. If unre-
strained, a whipping pipe without a constant
energy source (i.e., a break at a closed
valve with only one side subject to
pressure) is not capable of forming a
plastic hinge and rotating provided its
movement can be defined and evaluated.

(11) The fluid internal energy associated with
the pipe break reaction can take into
account any line restrictions (e.g., flow
limiter) between the pressure source and
break location and absence of energy
reservoirs, as applicable.

Amendment 21
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36.1.1.4 Approach

To comply with the objectives previously
described, the essential systems, components,
and equipment are identified. The essential
systems, components, and equipment, or portions
thereof, are identified in Table 3.6-1 for pip-
ing failures postulated inside the containment
and in Table 3.6-2 for outside the containment,

3.6.12 Description

The lines identificd as high-encrgy per
Subsection 3.6.2.1.1 are listed in Table 3.6-3
for inside the containment and in Table 3.6-4
for outside the containment. Moderate-energy
piping defined in Subsection 3.6.2.1.2 is listed
in Table 3.6-5 for outside the containment.
Pressure response analyses are performed for the
subcompartments containing high-energy piping.
A detailed discussion of the line breaks
selected, vent paths, room volumes, analytical
methods, pressure results, etc., is provided in
Section 6.2 for primary containment
subcompartments.

The effects of pipe whip, jet impingement,
spraying, and flooding on required function of
essential systems, components, and equipment, or
portions thereof, inside and outside the
containment are considered.

In particular, there are no high-cnergy iin s
near the control room. As such, there are no
effects upon the habitability of the control
room by a piping failure in the control building
or elsewhere either from pipe whip, jet impinge-
ment, or transport of steam. Further discussion
on control room habitability systems is provided
in Section 6 4.

3.6.1.3 Safety Evaluation
36.13.1 General

An analysis of pipe break events is performed
to identify those essential systems, components,
and equipment that provide protective actions
required to mitigate, to acceptable limits, the

consequences of the pipe break event.

Pipe break events involving high-energy fluid
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systems are evaluated for the effects of pipe
whip, jet impingement, flooding, room pressuri-
zation, and other environmental effects such as
temperature. Pipe break events involving
moderate-energy fluid systems are eveluated for
wetting from spray, flooding, and other environ-
mental effects.

By means of the design features such as
st paration, barriers, and pipe whip restraints, a
discussion of which follows, adequate protection
is provided against the effects of pipe break
events for essential items to an extent that
their ability to shut down the plant safely or
mitigate the consequences of the postulated pipe
failure would not be impaired.

3.6.132 Protection Methods
36.132.1 General

The direct effects associated with a particu-
lar postulated break or crack must be mechanis-
tically consistent with the failure. Thus, actu-
al pipe dimensions, piping layouts, material pro-
perties, and equipment arrangements are consider-
ed in defining the following specific measure for
protection against actual pipe movement and other
associated consequences of postulated failures.

(1) Protection against the dynamic effects of
pipe failures is provided in the form of
pipe whip restraints, equipment shields, and
physical separation of piping, equipment,
and instrumentation.

(2) The precise method chosen depends largely
upon limitations placed on the designer such
as accessibility, maintenance, and proximity
to other pipes.

3.6.132.2 Separation

The plant arrangement provides physical
separation to the extent practicable to maintain
the independence of redundant essential systems
(including their auxiliaries) in order to prevent
the loss of safety function due to any single
postulated event. Redundant trains (e.g., A and
B trains) and divisions are located in separate
compartments to the extent possible. Physical
separation between redundant essential systems
with their related auxiliary supporting features,

Amendment 7
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therefore, is the basic protective measure
incorporated in the design to protect against
the dynamic effects of postulated pipe failures,

Due to .he complexities of several divisions
being adjacent to high-energy lines in the dry-
well and reactor building steam tunnel, speci-
fic break locations are determined in accordance
with Subsection 3.6.2.1 4.3 for possible spatial
separation. Care is taken to avoid concentra-
ting essential equipment in the break exclusion
zone allowed per Subsection 3.6.2.1.4.2. If
spatial separation requirements (distance and/or
arrangement to prevent damage) cannot be met
based on the postulation of specific breaks,
barriers, enclosures, shields, or restraints are
provided. These methods of protection are dis-
cussed on Subsections 3.6.1,3.2.3 and
3.6:1.3.2.A.

For other areas where physical separation is
not practical, the following high-energy line-
scparation analysis (HELSA) evaluation is done
to determine which high- energy lines meet the
spatial separation requirement and which lines
require further protection:

(1) For the HELSA evaluation, no particular
break points are identified. Cubicles or
arecas through which the high-energy lines
pass are examined in total. Breaks are pos-
tulated at any point in the piping system.

(2) Essential systems, components, and eguipment
at a distance greater than thirty feet from
any high energy piping are considered as
meeting spatial separation requirements. No
damage is assumed to occur due to jet im-
pingement since the impingement force be-
comes negligible beyond 30 feet. Likewise,
a 30-ft evaluation zone is established for
pipe breaks to assure protection against
poteatial damage from a whipping pipe. As-
surance that 30 feet represents the maximum
free length is made in the piping layout.

(3) Essential systems, components, an'! equipment
at a distance less than 30 fec! from any
high-energy piping are evaluated to see if
damage could occur to more than one
essential division, preventing safe shutdown
of the plant. 1If damage occurred to only
one division of a redundant system, the
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4)

(5)

(6)

which are required to function following a
pipe rupture, are protected.

High-rnergy fluid system pipe whip
restraints and protective measures are
designed so that a postulated break in one
pipe could not, in turn, lead to a rupture
of other nearby pipes or components if the
sccondary rupture could result in
conscquences that would be considered
unacceptable for the initial postulated
break.

For any postulated pipe rupture, the
structural integrity of the containment
structure is maintained. In addition, for
those postulated ruptures classified as a
loss of reactor coolant, the design leak
tightness of the containment fission product
barrier is maintained.

Safety/relief valves (SRV) and the reactor
core isolation cooling (RCIC) system steam-
line are located and restrained so that a
pipe failure would not prevent depressuri-
zation.

Amendment 21
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the first restraint may be permitied
higher stresses provided a plastic hinge
is not formed and operability of the
valves with such stresses is assured in
accordance with the requirement
specified in Section 3.9.3. Primary
ioads include those which are deflection
limited by whip restraints.

E SSI’E !\ l :\ I' Ill Cl 2 E- .
(d) The maximum stress as calculated by the

sum of Egs. (9) and (10) in Paragraph
NC-3652, ASME Code, Section 111,
considering those loads and conditions
thercof for which level A and level B
stress limits are specified in the
system's Design Specification (i.e,,
sustained loads, occasional loads, and
thermal expansion) including an OBE
event does not exceed 0.8(1.8 §, +
SA)‘ The S, and §, are lllowkblc
slresses at maximum (‘90() temperature
and allowable stress range for thermal
expansion, respectively, as defined in
Article NC-3600 of the ASME Code,
Section 111,
(¢) The maximum stress, as calculated by Eq.
(9) in NC-3653 under the loadings
resulting from a postulated piping
failure of fluid system piping beyond
these portions of piping does not exceed
the lesser of 2.25 Sh and 1.8 Sy'

Primary loads include those which are
defiection limited by whip restraints, The
exceptions permitted in (¢) above may also
be applied provided that when the piping
between the outboard isolation valve and the
restraint is constructed in accordance with
the Power Piping Code ANSI B31.1, the piping
is either of scamless construction with full
radiography of all circumferential welds, or
all longitudinal and circumferential welds
are fully radiographed.

Welded attachments, for pipe supports or
other purposes, to these portions of piping
arc avoided except where detailed stress

Amendment 21
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analyses, or tests, are performed to
demonstrate compliance with the limits of
item (1).

The number of circumferential and longi-
tudinal piping welds and branch connections
arc minimized. Where penetration sleeves
arc used, the enclosed portion of fluid
system piping is seamless construction and
without circumferential welds unless
specific access provisions are made to
permit inservice volumetric examination of
longitudinal and circumferential welds.

The length of these portions of piping are
reduced to the minimum length practical.

The design of pipe anchors or restraints
(e.g., connections to containment
penetrations and pipe whip restraints) do
not require welding directly to the outer
surface of the piping (¢.g., flued integ-
rally forged pipe fittings may be used)
except where such welds are 100 percent
volumetrically examinable in service and a
detailed stress analysis is performed to
demonstrate compliance with the limits of
item (1).

Sleeves provided for those portions of
piping in the containment penetration arcas
are constructed in accordance with the rules
of Class MC, Subsection NE of the ASME Code,
Section 111, where the sleeve is part of the
containment boundary. In addition, the
entire sieeve assembly is designed to meet
the following requirements and tests:

(a) The design pressure and temperature are
not less than the maximum operating
pressure and temperature of the
enclosed pipe under normal plant
conditions,

(b) The Level C stress limits in NE-3220,

ASME Code, Section 111, are not

exceeded under the loadings associated

with containment design pressure and
temperature in combination with the
safe shutdown carthquake.

368
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162143 ASME Code Section 11 Class 1
Piping In Areas Other Than Containment

Penetration

[ piping re-analysis dute
th g

built contigural £ )‘;\'?1{'1

cumulative usage tor location

shifted; however ¢ initiaily
determined intermediate break locations need
not be changed unless one of the following

ons cxists

m the new
ak locations
mitigalied b ¢ Onginal pipg

whip restraints and

A change is require
such as major difter

wall thickness, and routing

16.2.1.44 ASME Code Section 11 Class £ and
i Piping in Areas Other Than Containment
Penetration

With the excer 15 0f those
piping identifie bsection 3
breaks in ASME es, Section 1H, Class 2 and
piping are | at the tollowing locations

piping and branch run

termediate

HiowIng

clbow, tee

flange 1 N 1onstandara
welded attachment, and

Where the piping contains n
fittings, weided attachment o1
location at cach extreme
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ailcu
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Section 111, exceed ( m the sun
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locations may be shifted; however, the

initially determined intermediate breal ‘
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locations may be used uniess a redesign
of the piping resulting in a change in
the pipe parameters (diameter, wall
thickness, routing) is required, or the
dynamic ¢ffects from the new (as-built)
intermediate break location are not
mitigated by the original pipe whip
restraints and jet shields.

362145 Non-ASME Class Piping

Breaks in seismically analyzed non-ASME Class
(not ASME Class 1, 2 or 3) piping are postulated
according to the same requirements for ASME Class
2 and 3 piping above. Separation and interaction
requirements between Seismically analyzed and
non-seismically analyzed piping are met as
described in Subsection 3.7.3.13.

3.62.14.6 Separating Structure With High-
Energy Lines

If a structure separates a high energy line
from an essential component, the separating
structure is designed (o withstand the consequen-
ces of the pipe brcak in the high-energy line at
locations that the aforementioned criteria
require to be postulated. However, as noted in
Subsection 3.6.1.3.2.3, some structures that are
identified as necessary by the HELSA evaluation
(1.e., based on no specific break locations), are
designed for worst-case loads,

36215 Locations of Postulated Pipe Cracks

Postulated pipe crack locations are selected
as follows:

1.6.2.1.5.1 Piping Meeting Separation
Requirements

Based on the HELSA evaluation described in
Subsection 3.6.1.3.2.2, the high- or moderaie-
encrgy lines which meet the separation require-
ments are not identified with particular crack
locations. Cracks arr postulated at all possible
points that are necessary to demonstrate adequacy
of separation or cther means of protections pro-
vided for essential structurcs, systems and
components.

3.6.2.1.52 High-Energy Piping

With the exception of those portions of piping

Amendment |
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identified in Subsection 3.6.2.1 4.2, leakage
cracks are postulated for the most sgvere
environmental effects as fuilows:

(1) For ASME Code, Section 111 Class 1 piping,
a. axial locations where the calculated
stress range (see Subsection 3.6.2.1.4.7,
Paragraph (1)(a)) by Eq. (10) and either Eq.
(12) or Eq. (13) in NB-3653 exceeds 1.2

S

(2) For ASME Code, Section 111 Class 2 and 3 or
non-ASME class piping, at axial locations
where the calculated stress (see Subsection
3.6.2.1.4.4, Paragraph (b){ii)) by the sum
of Eqs. (9) and (10) in NC/ND-3653 exceeds
0.4 times the sum of the stress limits given
in NC/ND-3653.

(3) Non-ASME class piping which has not been
evaluated to obtain stress information have
leakage cracks postulated at axial locations
that produce the most severe cavironmental
effects.

2.6.2.1.53 Moderate-Energy Piping

3.62.1.5.3.% Piping In Containment Penetration
Areas

Leakage cracks are not postulated in those
portions of piping from containment wall to and
including the inboard or outboard isolation
valves provided they meet the requirements of
the ASME Code, Section 111, NE-1120, and the
stresses calculated (See Subsection 3.6.2.1.4.4,
Paragraph (b)(ii)) by the sum of Egs. (9) and
(10) in ASME Code, Section 111, NC-3653 do not
exceed 0.4 times the sum of the stress limits
given in NC-3653,

3.62.1532 Piping In Areas Other Than
Containment Penetration

(1) Leakage cracks are postulated in piping
located adjacent to essential structures,
systems or components, except:

(a) Where exempted by Subsections
3.6.2.1.5.3.1 and 3.6.2.1.5.4,

(b) For ASME Code, Section I, Class 1 pip-

ing the stress range calculated (see
Subsection 3.6.2.1.4.2, Paragraph (1)

3610
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36222 Pipe Whip Dynamic Response
Analyses

The prediction of time-dependent and steady-
thrust reaction loads caused by blowdown of sub-
cooled, saturate. and two-phase fluid from rup-
tured pipe is used in design and evaluation of
dynamic effects of pipe breaks. A discussion of
the analytical methods employed to compute these
blowdown loads is given in Subsection 3.6.2.2.1,
Following is a discussion of analytical methods
used to account for this loading.

The criteria used for performing the pipe whip
dynamic response analyses include:

(i) A pipe whip analysis is performed for each
postulated pipe break. However, a given
analysis can be used for more than one post-
ulated break location if the blowdown forc-
ing function, piping and restraint system
geometry, and piping and restraint system
properties are conservative for other break
locations.

The analysis includes the dynamic response
of the pipe in question and the pipe whip
restraints which transmit loading to the
support structures.

(3) The analytical model adequately represents
the mass/inertia and stiffness properties of
the system,

(4) Pipe whipping is assumed to occur in the

plane defined by the piping gecometry and

configuration and to cause pipe movement in
the direction of the jet reaction.

Amendmeant 21
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(5) Piping within the broken loop is no longer
considered part of the RCPB. Plastic
deformation in the pipe is considered as a
potential energy absorber. Limits of strain
are imposed which are similar to strain
levels allowed in restraint plastic
members. Piping systems are designed so
that plastic instability does not occur in
the pipe at the design dynamic and static
loads unless damage studies are performed
which show the consequences do not result in
direct damage to any essential system or
component.

(6) Components such as vessel safe ends and val-

ves which are attached to the broken piping

system, do not serve a safety-relat:d func-
tion, or failure of which would not further
escalate the consequences of the accident
are not designed to meet ASME Code-imposed
limits for essential components under fault-
ed loading. However, if these components
are required for safe shutdown or serve to !
protect the s*ructaral integrity of an es-
sential ;omponent, limits to meet the Code

requirements for faulted conditions and li-

mits to ensure required operability will be

met.

(7) The piping stresses in the containment
penctration areas uue to loads resulting
from a postulated piping failure can not
exceed the limits specified in Subsection
3.6.2.1.4.2(1)(¢).

An analysis for pipewhip restraint sclection
PDA computer program; and a pipe break modeling
program ANSYS are performed as described in
Appendix 3D, which predicts the response of a
pipe subjected to the thrust force occurring
after a pipe break. The program treats the
situation in terms of generic pipe break con-
figuration which involves a straight, uniform
pipe fixed at one end and subjected to a time-
-dependent thrust force at the other end. A
typical restraint used to reduce the resulting
deformation is also included at a location
between the two ends. Nonlinear and
time-independent stress-strain relationships are
used to model the pipe and the restraint. Using
a plastic-hinge concept, bending of the pipe is
assumed to occur only at

3.6-14



ABWR

Standard Plant

36223 Drnamic Analysis Methods to Verify
Using the m ( Integrity and Operability

16231 Jet Impingement Analyses and
Effects on Safety-Related Components

used to evaluate the
from the postulated breaks
nergy piping are described in Appendices (

D of ANSI/ANS 58.2 and presented in

The criteria used for evaluating
of tluid jets on essential structures
and components are i lows

Fssential structures, systems, and compo

re not impaired so as to preclude es

functions. For any given postulat

break and consequent jet, those es

structures, systems, and components

» safely shut down the plant are

identihied

Essential structures, s i, and compo
nents which are not necessary to safely shut
down the plant [ a given break are not

ected from the consequences of the fluid

shutdown of the plant due to postulated
ruptures within the RCPB is not

yravated by sequential failures of

related piping and the required

Ing ystem periormance 1§
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impinged target

16232 Pipe Waip Effects on Essential
The effective ? Components

impingem

This subsection provides the criteria and
methods used to evaluate the effects of pipe
displacements on essential structures, systems,

mponents following a

f"y; \\h!}‘ l\‘ni*[‘t.v\t meatl) etiects
structures stems, and components can be
in twe s: (1) pipe displaceme
components (nozzies, valves
in the same pipieg s that
reak occurs in; and (2) pipe whip or controlled
displacements onto external components such

structure, other piping systems

d conduits, el

162321 Pipe Dispiacement Effects on
Components in the Same Piping Run

Components such as e¢ssel safe ends and
alves which are attached to the broken
ping system and do not serve a safety

function or fail { which would not
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Code Section 1ll-imposed limits for essential
components urder faulted loading

(2) If thesc components are required for safe
shutdown or serve to protect the structural
integrity of an essential component, limits
to meet the ASME Code requirements for
faulted conditions and limits to ensure
required operability are met.

The methods used to calculate the pipe whir
loads on piping components in the same run as the
postulated breax are described ino Section
3.6.2.2.2.

362322 Pipe Displacerient Effects ov
Essential Structures, Other Systems, and

Components

The criteria and methods used to calculate the
effects of pipe whip on external components
consists of the following:

(1) The effects on essential structures and bar-
riers are evaluated in accordance with the
barrier design procedures given in Subsec-
tion 3.5.3

(2) U the whipping pipe impacts a pipe of equal
or greater nominal pipe diameter and equal
or greater wall thickness, the whipping pipe
does not rupture the impacted pipe. Other-
wise, the impacted pipe is assumed to be
ruptured,

(3) If the whipping pipe impacts other compo-
nents (valve actuators, cable trays, con-
duits, etc.), it is assumed that the im-
pacted component is unavailable to mitigate
the consequences of the pipe break event,

(4) Damage of unrestrained whipping pipe on es-
sential structures, components, and systems
other than the ruptured one is prevented by
either separating high energy systems from
the essential systems or providing pipe whip
restraints.

36233 Loading Combinations and Design
Criteria for Pipc Whip Restraint

Pipe whip restraints, as differentiated from
piping cupports, are designed to fu ction and
carry load for an extremely low-probability gross

Amendment 21
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failure in a piping system carrying high-energy
fluid. In the ABWR plant, the piping integrity
does not depend on the pipe whip restraints for
any piping design loading combination including
earthquake but shall remain functional following
an carthquake up to and including the SSE (See
Subsection 3.2.1). When the piping in.egrity s
lost because of a postulated break, the pipe
whip restraint acts to limit the movement of the
broken pipe to an accopiavle distance. The pipe
wiiy, c2etrgimis (L, (Use devices which serve
only to control the =~ .ement of a rupturad pipe
following pross failu e) will be subjected to
once-in-a-lifetime loading. For the purpose of
the pipe #hip restraint design, the pipe break
is considered to be a faulted condition (See
Subsection 3.9.3.1.1.4) and thc structure to
which the restraint is attached is also analy-2d
and designed accordingly. The pipe whip
restraints are non-ASME Code componen's; |
however, the ASME Code requirements may be used
in the design selectiveiv o assure its
salety-related function il ever needed. Other
methods, i.e. testing, with reliable data base
Tor design and sizing of pipe whip restraints
can also be used.

The pipe whip restraints utilize energy ab-
sorbing U-rods tu attenuate the kinetic eaergy
of a ruptured pipe. A typical pipe whip re-
straint is shown in Figure 3.6-6. The principal
feature of these restraints is that they are in-
stalled with several inches of annular clearance
between them and the process pipe. This allows
for installation of normal piping insulation and
for unrestricted pipe thermal movements during
plant operatien. Select critical locations in-
side primary containment are also monit-red
during aot functional testing to provide verifi-
cation of adequate clearances prior to plant
operation, The specific design objectives for
the restraints are:

(1) The restraints shall in no way increase the
reactor coolant pressure boundary stresses
by their presence during any normal mode of
reactor operation or condition;

(2) The restraint system shall function to stop
the movement of a pipe failure (gross loss
of piping integrity) without allowing damage
to critical components or missile develop-
ment; and

3e19
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1624 Guard Pipe Assembly Desig

he ABWR prin nt ent does nol require

guard pipes

1.62.5 Material to be Supplied for the
Operatiag License Review

See Subsection 3.64.1

3.6.3 Leak-Before-Break
Evaluation Procedures

Per Regulatory Guide 1.7 Revision 3,
November 1978, the safety analveie Section 3.6
has traditionally addressed the protection
measures against dynamic effzcts associated with
the non- mechanisiic or postulated ruptures of
piping he dynamic effects are defined in
misoduction to Section { l'hree forms of
piping fatlure (full flow area circumferential
and longitudinal breaks, and throughwall leakage

) ¢ postulated in accordance with
Subsection 3.6.2 and Branch Technical Position
MEB 3-1 of NUREG - 0800 (Standard Review Plan)

r thetr dynamic as well as environmental

elfects

However, i dance with the modified
General Electric Criterion 4 (GDC-4), effective

ovember 1987, (Refecrence 1), the

mechanistic leak-before-break (LBB) approach
justified by appropriate ccure mechanics
techniques, is recognized

procedure under certain conditions to exclude
design against the dynamic effects from
postulation of breaks in high energy piping
'he LBB approach is not used to exclude
postulation of cracks and associated effects as
required in Subsection 3.6.2.1.5 and 3.6.2.1

6.2 It is anticipated, as mentioned in

Subsection 3.6.4.2, that a COL applicant will
ty to the NRC for approval of LBB quali

These approved

SSAR as the LBB
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qualified piping, will be excluded from pipe
breaks, which are required to be postulated by
Subsections 3.6.1 and 3.6.2, for design against
their potential dynamic effects.

The following subsections describe (1) certain
design bases where the LBB approach is not
recognized by the NRC as applicable for exclusion
of pipe breaks, and (2) certain conditions which
linnit the LBB applicability. Appendix 3E
provides guidelines for LBB applications
describing in detail the following necessary
elements of an LBB report to be st ! aitted by a
COL applicant for NRC approval: fracture
mechanics methods, leak rate prediction methods
leak detection capabilities and typical special
considerations for LBB applicability. Also
included in Appendix 3E is a list of candidate
piping systems for LBB qualification. The LBB
application approach described in this subsection
and Appendix 3E is consistent with that
documented in Draft SRP 3.6.3 (Reference 4) and
NUREG-1061 (Reference §).

The LBB approach is not used to exclude
postulation of cracks and associated effects in

Amendment 21
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ipingement
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ated break locations
calculated stres
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d slress ranges at
in BTP MEB 3.1

For fatlure in the moderate-energy
piping systems listed in Taole 3.6-5
descriptiens showing how safety-related
systems are protected from the resulting
jets, flooding and other adverse

ivironmental fic

Identification of olective measures
the effects of
farlures lor protecu.on

listed 1n Tables

i

funchional
against the

stulated pipe failures

if any, where
clated systems
omponents against the dynamic
pipe lailures inciude their

re 1n suittably \fi\l[n;\’:

v compartments (including

drainage system ot

3.6.4 COL License Information

3.6.4.1 Details of Pipe Break Analysis Results
and Protection Methods
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1642 Leak-Before-Break Analysis Report

As required by Reference 1, and LBB analysis
report shall be prepared for the piping systems
proposed for exclusion from analysis for the
dynamic effects due to failure of piping
failure. The report shall be prepared in
accrodance with the guidelines presented in
Appendix 3E and Submitted by the COL applicant to
the NRC for approval

3.6.5 References

1. Modification of General Design Criterion 4
Requirements for Protection Against Dynamic
Effects of Postulated Pipe Rupture, Egderal
Register, Volume 52, No. 207, Rules and
Regulations, Pages 41288 to 41295, October 27,
1987

2. RELAP 3, A Computer Program for Reactor
blowdown Analysis, IN-1321, issued June

1970, Reactor Technology TID-4500.

3. ANSI/ANS-58.2, Design Basis for Protection of
Light Water Nuclear Power Plants Against the
Effects of Postulated Pipe Rupture.

4. Standard Review Plan; Public Comments
Solicited, Federal Register, Volume 52, No,
167, Notices, Pages 32626 to 32633, August
28, 1987.

5. NUREG-1061, Volume3, Evaluation of Potential
for Fipe Breaks, Report of the U.S. NRC Piping
Review Committee, November 1984,

6. Mehta, H. S., Patel, NT. and Ranganath, S,
Application of the Leak-Before-Break Approach
to BWR Piping, Report NP-4991, Electric Power
Rescarch Institute, Palo Alto, CA, December
1986.
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Table 3.6-4
HIGH ENERGY PIPING OUTSIDE CONTAINMENT

Piping System*

Main Steam

Main Steam Drains

Steam supply to RCIC Turbine
CRD(to and from HCU)

RHR (injection to feedwater from nearest check valves in the RHR
lines)

Reactor Water Cleanup (to Feedwater via RHR und to first inlet valve
to RPV head sprav)

Reactor Water Cleanup (pumps suction and discharge)
* Fluid systems operating at high-energy levels less than 2 percent of the total

time are not included. These systems are classified moderate-energy systems, (i.e.,
HPCF, RCIC, SAM and SLCS).

3.6-32
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.7 SEISMIC DESIGN

I Seismic Input

Design Response Spectra
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values of the verticaul SSE spectra ppplied at the
ground surface in the free field for damping
ratios of 2.0, 5.0, 7.0, and 10,0% of critical
damping where the maximum vertical ground
acceleration is 0.30 g at 33Hz, same as the
maximum horizontal ground acceleration.

The design values of the OBE response spectra
are one-half* of the spectra shown in Figures
3.7-1 and 3.7-2. These spectra are shown in
Figures 3.7-3 through 3.7-20,

The design spectra are constructed in
accordance with Regulstory Guide 1.60. The
normalization factots for the maximum vaiues in
two horizontal directions are 1.0 and 1.0 as
applied to Figure 3.7-1. For vertical direction,
the normalization factor is 1.0 as applied to
Figure 3.7-2.

17132 Design Tume History

The design time histories are synthetic
acceleration time histories generated to match
the design response spectra defined in Subsection
3.7.1.1,

The design time histories considered in GESSAR
(Reference 1) are used. They are developed based
on the method preposed by Vanmarcke and Cornell
(Reference 2) because of its intrinsic capability
of imposing statistical independence among the
synthesized acceleration time history
components. The earthquake acceleration time
history components are identified as H1, H2, and
V. The H1 and H2 are the two horizontal
components mutually perpendicular to each other.
Both H1 and H2 are based on the design horizontal
ground spectra shown in Figure 3.7-1. The V is
the vertical component and it is based on the
design vertical ground spectra shown in Figure
3.7.2.

* The OBE given in Chapter 2 is one-third of
the SSE, i.e, 0.10 g, for the ABWR Standard
Nuclear Island design. However, as discussed
in Chapter 2, @ more conservative value of
one-half of the SSE, i.e., 0.15 g, was
employed to evaluate the structural and
component response.
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The magnitude of the SSE design time history
is equal to twice the magnitude of the design
OBE time history. The OBE time histories and
response spectra are used for dynamic analysis
and evatuation of the structural Seismic System;
the OBE results are doubled for evalva.ing the
structural adequacy for SSE.  For development of
floor response spectra for Seismic Subsystem
analysis and evaluation, see Subsection 3.7.2.5.

The response specire produced from the OBE
design time histories are shown in Figures 3.7-3
through 3.7.20 along with the design OBE
response spectra. The closeness of the two
spectra in all cases indicates that the
synthetic time histories are acceptable.

The response spectra from the synthetic time
histories for the damping values of 1, 2, 3 and
4 percent eonform to the requirement for an
envelopiag procedure provided in Item 1116 of
Section 3.7.1 of NURZG-0800 (Standard Revie
Plan, SRP). However, the response spuctra for
the higher damping values of 7 and 10 percent
show that there are some deviations from the SRP
requirement. This deviation is considered
inconscquential, because (1) generating an
artificial time history whose response specira
would envelop design spectra for five different
dampiug /alues would result in very conservative
time histories for use as design basis input,
and (2) the response spectra from the synthetic
time histories do envelop the design spectra for
the lower damping values. This is very
important because the loads due to SSE on
structures should use 7 percent damping for
concrete components, but are obtained by
ratioing up the response from the OBE analvsis
involving the lower damping. The OBE anaiy i
uses only the lower damping values (up to 4%,
which are consistent with the SRP requirements
(See Subsection 3.7.1.3).
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proper location of anchors in order to separate
Seismic Category | from non-Category | piping
systems,

173312 Selection of Mass Points

When performing a dynamic analysis, a piping
system is idealized either as a mathematical
model consisting of lumped masses connected by
weightless elastic members or as a consistent
mass model. The elastic members are given the
properties of the piping system being analyzed.
The mass points are carefully located to
adequately represent the dynamic p.operties of
the piping system. A mass point is located at
the beginning and end of every elbow or valve, at
the extended valve operatcr, and at the
intersection of every tee. On straight rung,
mass points are located at spacings no greater
than the span length correspoading to 33 Hz, A
mass point is located at every extended mass to
account for torsional effects on the piping
system. In addition, the increased stiffoess and
mass of valves are considered in the modeling of

a piping system.
173213 Selection of Spectrum Curves

In selecting the sp. - im curve 1o be used for
dynamic analysis of a particular piping system, a
curve is chosen which most closely describes the
accelerations existing at the end points and
restraints of the system. The procedure for de-
coupling small branch lines from the main run of
Seismic Category | piping systems when estab-
lishing the analytical models to perform seismic
analysis are as follows:

(1) The small branch lines are decoupled from the
main runs if they have a diameter less than
one-third the diameter of the main run.

(2) The stiffness of ! the anchors and its
supporting steel is large enough to
effectively decouple the piping on cither
side of the anchor for analytic and code
jurisdictional boundary purposes. The RPV is
very stiff compared to the piping system and
therefore, it is modeled as an anchor,
Penctration assewablies (head fittings and
penctration sleeve pipe) are very stiff
compared to the piping system and are modeled
as anchors.

Amendment 21
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The stiffness matrix at the attachment loca- |
tion of the process pipe (i.e., main steam,
RHR supply and return, RCIC, etc.) head l
fitting is sufficiently high to decouple the
penetration assembly from the process pipe.
Previous analysis indicates that a satis-
factory minimum stiffness for this attachment
point is equal tu the stiffness in bending
and torsion of a cantilevered pipe section of
the same size as the process pipe and equal
in length to three times the process pipe
outer diameter,

For a piping system supported at more than
two points locaied atl different elevations in
the building, the response speciram analysis is
performed using the envelope response specirum
of all attachment points. Alternatively, the
multiple support cxcitation anelvsis methods may
be used where acceleration time histories or
response spectra are applied at all the piping
attachment points. Finally, the worst single
floor response spectrum selected from a set of
floor response spectra obtained at various
floors may be applied identically to all floors
provided it envelops the other floor response
spectra in the set.

17332 Modeling of Equipment

For dynamic analysis, Seismic Category 1
equipment is represented by lumped-mass systems
which consist of discrete masses connected by
weightless springs. The criteria used to lamp
masses are!

(1) The number of modes of a dynamic system is
controlled by the number of masses used;
therefore, the number of masses is chosen so
that all significant modes are included.
The modes are considered as significant i,
the corresponding natural frequencies ure
less than 33 Hz and the streses calculated
from these modes are greater than 10% of the
total stresses obtained from lower modes.
This approach is acceptable provided at
least 90% of the loading/inertia is
contained in the modes used. Alternately,
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pletion of preoperational testing, the reactor
vessel head and the shroud head are removed, the
vessel is drained, and major components are
inspected on a selected basis. The inspections
cover the shroud, shroud head, core support
structures, recirculation internal pumps, the
peripheral control rod drive, and incore guide
tubes. Access is provided to the reactor lower
plenum for these inspections.

The analysis, design and /or equipment that are
to be uiilized in a facility will comply with
Regulatory Guide 1.20 as explained below,

Regulatory Guide 1,20 describes a
comprehensive vibration assessment program for
reactor internals during preoperational and
initial ttartup testing. The vibration
assessment program meets the requirements of
Criterion 1, Quality Standards and Record,
Appendix A to 10CFRS0 and Section: 5034, Contents
of Applications; Technical Information, of
10CFRS0. This Regulatory Guide is applicable to
the core support structures and other reactor
internals,

Vibration testing of reactor internals is
performed on all GE-BWR plants. At the time of
original issue of Regulatory Guide 1.20, test
programs for compliance were institated fo. the
then designed reactors. The first ABWR plant is
considered a prototype and is instrumented and
subjected to preoperation and startup flow
testing to demonstrate that flow-induced
vibrations similas to those expected during
operation will not cause damage. Subsequent
plants which have internals similar to those of
the prototypes are also tested in compliance with
the requirements of Regulatory Guide 1.20. GE s
committed to confirm satisfactory vibration
performance of internals in these plants through
preoperational flow testing followed by
inspection for evidence of excessive vibration.
Extensive vibration measurements in prototype
plants together with satisfactory operating
experience in all BWR plants have established the
adequacy of reactor internal designs. GE
continues these test programs for the generic
plants to verify structural integrity and to
establish the margin of safety.

See Subsection 3.9.7.1 for COL license

information pertaining to the reactor internals
vibration testing program.
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3925 Dynamic S stem Analysis of Reactor
Internals Under Faulted Conditions

The faulted events that are evaluated are
defined in Subsection 3.9.5.2.1,  The loads
that occur as a result of these events and the
analysis performed to determine the response of
the reactor internals are as follows:

(1) Renctor Internal Pressures - The reactor
internal pressure differentials (Figure
%.9-1a) due to assumed break of main steam
or leedwater line are determined by
analysis as described in Subsection
39522 1o order to assure that no
signilicant dynamic amplification of load
occurs as a result of the oscillatory
nature of the blowdown forces during an
accident, & comparison is made of the
periods of the applied forces and the
natural periods of the core support
structures being acted upon by the applied
forces. These periods are determined
from a comprehensive vertical dynamic
model of the RPV and internals with 12
degrees of freedom.  Besides the real
masses of the RPV and core support
structures, account is made for the water
inside the RPV

(2) Externs! Pressure and Forces on ,ae |

Reactor Vessel-An assumed break of the
main steam ling, the feedwater line or the
RHR line at the reactor vessel nozzle
results in jet reaction and impingement
forces on the vessel and asymmetrical
pressurization of the annulus between the
reactor vessol and the shield wall.
These time-varying pressures are applied
to the dynamic model of the reactor vessel
system. Except for the nature and
locations of the forcing functione the
dynamic model and the dynamic analysis
method are identical 1o those for seismic
analysis as described below. The
resulting loads on the reactor internals,
defined as LOCA loads, are considered as
shown in Table 3.9.2.

(3)  Safety/Relief Valve Loads (SRV Loads)-The
discharge of the SRVs result in reactor
building vibration (RBV) due to
suppression pool dvnamics as described in
Appendix 3B, The response of the reactor

1917
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internals to the RBV is also determined with
dyonamic model and dynamic analysis method
described below for seismic analysis.

(4) LOCA Loads The Assumed LOCA also results in
RBY due to suppression pool dynamics as
described in Appendix 3B and the response of
the reactor internals are again determined
with the dynamic raodel and dynamic rnalysis
method used for seismic analysis.  Various
types of LOCA losds are identified on Table
39.2,

(5) Seismic Loads-The theory, metbods, and
computer codes used for dynamic analysis of
the reactor vessel, internals, attached
piping and sadjoining structures are
described ie Section 3.7 and Subsection
31512, Dynamic anslysis is performed by
coupling the lumped-mass model of the
reactor vessel and internals with the
building model to determine the system
natural frequencies and mode shapes. The
relative displacement, acceleration, and
load response is then determined by either
the time-history method or the
resonse-spectrum method.  The load on the
reactor internals due to faulted event SSE
are obtained from this analysis.

The above loads are considered ie combination
as defined in Table 3.9-2. The SRV. LOCA (SBL,
IBL or LBL) and SSE loads as defined in Table
3.9-2 are all assumed 1o act in the same
direction. The peak colincar responses of the
reactor internals to cach of these loads are
added by the square root of the sum of the
squares (SRSS) method. The resultant stresses
in the reactor internal structures are ¢irectly
added with stress resulting from the static and
steady state loads in the faulted load
combination, including the stress due to peak
reactor internal pressure differential during the
LOCA. The reactor internals satisfy the stress
deformation and fatigue limits as defined in
Subsection 3.9.5.3.

3926 Correlations of Reactor Internals
Vibration Tests With the Analytical Results

Prior to initiation of the instrumented

vibration measurement program fur the
prototype plant, extensive dynamic analyses of

Amendment B
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the reactor and internals are performed. The
rosults of these analyses are used to gencrate
the allowable vibration levels during the
vibration test. The v.bration data obtained
during the test will be analyzed in detail.
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1.9.3 ASME Code Class 1,2, and 3
Components, Component Supports, and
Core Support Structures

9.0 Losding Combingtions, Design

Transients, and Stress Limits

19311 Plant Conditions
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292111 Normal Condition

Normal conditions are any conditions in the
course of system startup, operation in the design
power range, normal hot standby (with condenser
available), and system shutdown other than upset,
emergency, faulted, or testing.

392112 Upset Condition

An upset condition is any doviation from
normal conditions anticipated to occur often
enough that design should include a capability to
withstand the conditions without operational
impairment. The upset conditions include system
operational transients (SOT) which result from
any single operator error or control malfunction,
from a fault in a system component requiring its
isolation from the system, from a loss of load or
power, or from an operating basis earthquake.
Hot standby with the main condenser isolated is
an upset condition.

Amendment 11
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392,112 Emergeacy Condition

An emergency condition includes deviations
trom normal conditions which require shutdown for
correction of the condition(s) or cepair of
damage in the reactor coolant pressure boundary
(RCPB). Such conditions have & Jow probability
of occurrence but are included to provide assu-
rance that no gross loss of structural integrity
will result as & concomitant effect of any damage
developed in the system. Emergency condition
events include bu . ¢ . not limited to infrequent
operational transients (107) caused by one of the
following: (a) a multiple valve blowdown of the
reactor vessel; (b) LOCA from a smal! break os
crack (SBL) which does not depressurize the reac-
tor systems, does not actuate automatically the
ECCS operation, nor results in leakage beyond
normal makeup i - -1 capacity, but which requires
the safety functi .. of isolation of containment
and shutdown and may involve inadvertent actua-
tion of automatic depressurization system (ADS);
(¢) improper assembly of the core during refuel-
ing; or (d) improper or sudden start of one
recirculation pump. Anticipated transient
withoul scram (ATWS) or reactor overpressure with
delayed scam (see Tables 3.9-1 and 3.9-2) is an
10T classified as an emergency condition.

193.1.1.4 Faulted Condition

A faulted condition is any of those
combinations of conditions associated with
extremely low-probability postulated events whose
consequences are such that the integrity and
operability of the system may be impaired to the
extent that considerations of public health and
safety are involved. Faulted conditions en-
compass events, such as LOCA, that are postulated
because their consequences would include the
potential for the release of significant amounts
of radioactive material. These events are the
most drastic that must be considered in the de-
sign and thus represent limiting design bases.
Faulted condition events include but are not
limited to one of the following: (a) a control
rod drop accident; (b) a fuel-handling accident;
(¢) a main steam line or feedwater line break;
(d) the combination of any small/intermediate
break LOCA (SBL or IBL) with the safe shutdown
carthquake, and a loss of offsite power; or (e)
the safe shutdown earthquake plus large break
LOCA (LBL) plus a loss of offsite power,

Amandment 7
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The IBL classification covers those breaks
for which the ECCS system operation will occur
during the blowdown, and which results in
reactor depressurization. The LBL classifica-
tion covers the sudden, double ended severance
of @ main stzam line inside or outside the con-
tainment that results in transient reactor de-
pressurization, or any pipe rupture of equiv-
alent flow cross sectional area with similar
effects.

193,115 Correlation of Plant Condition
with Event Probability

The probability of an event occurring per
reactor year associated with the plant condi-
tions is listed below. This correlation identi-
fies the appropriate plant conditions and as-
signs the appropriaie ASME Section 111 service
levels for any hypothesized event or sequence of
events,

Event Encounter
Plant ASME Code  Probability per

Normal A 1.0

(planned) 2
Upset B 10 >P2 10
(moderate probability)

Emergency G 10%> P2 10r .
(low probability)

Faulted D 10*>P>10"*
(extremely low probability)

193116 Safety Class Functional Criteria

For any normal or upset design condition
event Safety Class 1, 2, and 3 equipment and
piping (see Subsection 3.2.3) shall be capable
of accomplishing its safety functions as re-
quired by the event and shall incur no permanent
changes that could deteriorate its ability to
accomplish its safety functions as required by
any subscquent design condition event.

For any emergency or faulied design condition
event, Safety Class 1, 2, and 3 equipment and
piping shall be capable of accomplishing its
safety functions as required by the event but
repairs could be required to ensure its ability

1519
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to accomplish its satety functions as required
by any subsequent . Lign condition event.

Specific stress criteria to meet the func-
tional requirements are identified in a footnote
to Table 3.9-2.

19312 Reactor Pressure Vessel Assembly

The reactor vessel assembliy consists of the
reactor press.re vessel, vessel support skirt,
and shroud support,

The reactor pressure vessel, vessel support
skirt, and shroud support are constructed in
accordance with the ASME Boiler and Pressure
Vessel Code Section 111, The shroud support
consists of the shroud support plate and the
shroud support cylinder and its legs. The
reactor pressure vessel assembly components are
classified as an ASME Class 1. Complete stress
reports on these components are prepared in
accordavce with ASME Code requirements.
NUREG-0619 (Reference S) is also considered for
feedwater nozzle and other such RPV inlet nozzle
design

The stress analysis is performed on the
reactor pressure vessel, vessel support skirt,
and shroud support for various plant operating
conditions (including faulted conditions) by
using the elastic methods except as noted in
Subsection 39.1.4.2. Loading conditions, design
stress limits, and methods of stress analysis for
the core support structures and other reactor
internals are discussed in Subsection 3.9.5,

39313 Main Steam (MS) System Piping

The piping systems extending from the reactor
pressure vessel to and including the outboard

| main steam isolation valve are constructed in ac-

cordance with the ASME Boiler and Pressure Vessel

g g | Code Section 111, Class 1 criteria. The rules

contained in Appendix F of ASME Code Section 111
are used in evaluating faulted loading conditions

| independently of other design and operating

conditions. Stresses calculated on an elastic
basis are evaluated in accordance with F-1360.

Amendment 21
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The MS system piping extending from the out-
board main steam isolation valve to the turbine
stop valve is constructed in accordance with the
ASME Boiler and Pressure Vessel Code Section
HI, Class 2 Criteria,

319114 Recirculation Motor Cooling (RMC)
Subsystem

The RMC system piping loop between the recir-
culation motor casing and the heat exchanger is
constructed in accordance with the ASME Boiler
and Pressure Vessel Code Section 111, Subsection
NB-3600. The rules contained in Appendix F of
ASME Code Seciion I are used in evaluating
faulted loading conditions indeperdently of ail
other design and operating conaitions. Stresses
calculated on an elastic basis are evaluated in
accordance with F-1360.

39215 Recirculation Pump Motor Pressure
Boundary

The motor casing of the recirculation inter-
nal pump is a part of and welded into an RPV
nozzle and is constructed in accordance with the
requirements of an ASME Boiler and Pressure
Vessel Code Section 111, Class 1 component. The
motor cover is a part of the pump/motor assembly
and is constructed as an ASME Class 1 compon-
nent. These pumps are not required to operate
during the safe shutdown carthquake or after an
accident.

19316 Standby Liguid Control (SLC) Tank

The standby liquid control tank is con-
structed in accordance with the requirements of
an ASME Boiler and Pressurc Vessel Code Section
11, Class 2 component,

39217 RRS and RHR Heat Exchangers

The primary and secondary sides of the RRS
(reactor recirculation system) are constructed
in accordance with the requirements of an ASME
Boiler and Pressure Vessel Code Section 111,
Class 1 and Class 2 component, respectively,
The primary and secondary side of the RHR system
heat exchanger is constructed as an ASME Class 2
and Class 3 component respectively.

3920
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19018 ROIC Turbin
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19303111 Standby 14 jguid Cantrol
Injection Valve
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ance with the ASME Boiler and Pressure Vessel
Code Section 11, For Class 1 piping, for the
faulted plant condition, stresses are calculated
on an clastic busis and evaluated in accordance
with Appendix F of the Code. For Class 2 and 3
piping, strusses are calculated on an 2lastic
basis and evaluated in accordance with NC/ND-3600
of the Code.

1932 Pump and Valve Operability Assurance

Active mechanical (with or without electrical
operation) equipment are Scismic Category | and
cach is designed to perform & mechanical motion
for its safety-related function during the life
of the plant under postulated plant conditions.
Equipment with faulted condits. . functional
requirements include active pumps ad valves in
fluid systems such as the residua. seat removal
system, emorgency core cooling system, and main
steam svstem,

This Subscction discusses operability
assurance of active ASME Code Section 111 pumps
and valves, including motor, turbine or operator
that is a part of the pump or valve (Sece
Subsection 3.9.2.2).

Safety-related valves and pumps are qualified
by testing and analysis and by satisfying the
stress and deformation criteria at the critical
locations within the pumps and valves.
Operability is assured by meeting the
requirements of the programs defined in
Subsection 3.9.2.2, Section 3.10, Section 3.11
and the following subsections,

Section 4.4 of GE's Environmental
Qualification Program (Reference 6) applies to
this subsection, and the seismic qualification
methodology presented therein is applicable to
mechanical as well as electrical equipment,

39320 ECCS Pumps, Motors and Turbine
Dynamic qualification of the ECCS (RHR, RCIC
and HPCF) pumps with motor or turbine assembly is

also described in Subsections 3,9.2,2.2.6 and
3.9.2.2.2.7.
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193211 Consideration of Loading,
Stress, and Acceleration Conditions in the
Analysis

In orde: to avoid damage to the ECCS pumps
during the faulted plant condition, the stres-
ses caused by the combination of normal ope-
rating loads, SSE, other RBY loads, and dyna-
mic system loads are limited to the material
elastic limit. A three dimensional finite-
clement model of the pump and associated motor
(sec Subsections 3.9.3.2.2 and 3.93.2.1.5 lor
RCIC pump and werbine, respectively) and its
support is deveioped and analyzed using the
response spectrum and the dynamic anaiysis me-
thod. The same is analyzed due to static noz-
zle loads, pump thrust loads, and dead
weight, Critical location stresses are com-
pared with the allowable stresses and the cri-
tical location deflections with the allow-
ables; and accelerations are checked to eval-
uate operahility. The average membrane stress
em for the faulted condition loads isl
limited to 1.28 or approximately 0.75 oy
(oy = yield stress), and the maximum
stress in local fibers (em + bending stress
ob) is limited to 1.88 or approximately 1.1
oy, The max- imum faulted event nozzle
loads are also con- sidered in an analysis of
the pump supports to assure that a system
misalignment cannol occur.

Performing these analyses with the
conservative loads stated and with the
restrictive stress limits as allowables
assures that critical parts of the pump and
associated motor or turbine will not be
damaged during the faulted condition and that
the operability of the pump for post-faulted
condition operation will not be impaired.

392212 Pump/Motor Operation During and
Following Dynamic Loading

Active ECCS pump/motor rotor combinations
are designed to rotate at a constant speed
under all conditions. Motors are designed to
withstand short periods of severe overload.
The high rotary inertia in the operating pump
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(3

Snubbers - The operating loads on snubbers
are the loads caused by dynamic events
(eg., seismic, RBV due to LOCA and SRV dis-
charge, discharge through = relief valve
line or valve closure) during various
operating conditions. Snubbers restrain
piping against response to the vibratory
excitatior and to the associated differen-
tial movement of the piping system support
anchor points. The criteria for locating
snubbers and ensuring adequate load
capacity, the structural and mechanical
performance parameiers used for s ibbers and
the installation and inspection cons.der-
ations for the snubbers are as follows:

(#) Required Load Capacity and Snubk2r Loca-
tion

The entire piping system including
valves and support system between an-
chior points is mathematically mode! '
for complete piping structural
analysis. In the dynamic analysis,
the snubbers are modeled as a spring
with a given spring stiffoess depending
on the snubber size. The analysis
determines the forces and moments acting
on cach piping components and the forces
acting on the snubbers due to all
dynamic loadin, and operating conditions
defined in the piping design
specification. The Yorces on saub-
bers are operating loads for various
operating conditions. The calculated
loads cannot exceed the snubber design
load capacity for various operating
conditions, i.¢., design, normal, upset,
emergency and faulted.

Amendment 2)
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Subsection 3.9.2.5. Dynamic analysis is per-
tormed by coupling the lumped-mass model of the
reactor vessel and internals with the buildi~g
model to determine the system natural frequencies
and node shapes. The relative displacement,
acceleration, axd load response is then deter-
mined by either the time-history method or the
response-spectrum method.

3953 Design Bases
39531 Safety Design Bases

The reactor internals including core support
structures shall meet the following safety design
bases:

(1) The reactor vessel nozzles and internals
shall be so arranged as to provide a
floodabl?  slume i» which the core can be
adequate!y cooled in the event of a breach
in the nuclear system process barrier
external to the reacior vessel;

(2) Deformation of internals shall be limited to
assure that the control rods and cere
standby cooling systems can perform their
safety-related functions; and

(3) Mechanical design of applicable structures
shall assere that safety design bases (1)
and (2) are satisfied so tuat the safe
shutdown of the plant and removal of decay
heat are not impaired.

39532 Power Generation Design Bases

The reactor internals including core support
structures shall be designed to the following
power generation design bases:

(1) The internals shall provide the proper
coolant distribution during ail ¢.. - .d
normal operating conditions to /' - r
operation of the core without fuel a. - _ge;

(2) The internals shall be arranged (o
facilitate refueling operations; and

(3) The internals shall be designed to
facilitate inspection.
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395323 Design Loading Categories

The basis for determining faulted dynai. .
event loads on the reactor internals is shown in
Sections 3.7, 3.8 and Subsections 3.9.2.5,
39523 and 3.9.5.2.4. Table 3.9-2 suows the
load combinations used in the analysis.

Core support structures and safety class
internals stress limits are consistent with
ASME Code Section 111, Subsection NG. For
these components, Level A, B, C, and D service
limits are applied to the normal, upset,
emergency, and faulted loading conditions,
respectively, as defined in the design
specification. Stress intensity and other
design limits are discussed in Subsectioas
39535 and . ~536

39534 Response of Internals Due to Steam
Line Br-ak Accident

As described in Sub  ction 3.9.5.2.3.2, the
maximum pressure loads acting on the reactor
internal componeats result from sieam line break
upstream of the main steam isolation valve and,
on some components, the loads are greatest with
operation at the minimum power associated with
the maximum core flow (Teble 3.9.3, Casc 2).
This has been substantiated by the analytical
comparison of liquid versus steam line breaks
and by the investigation of the effects of core
power and core flow.

It has also been pointed out that, although
possible, it is not probable that the reactor
would be operating at the rather abnormal
condition of minimum power and maximum core
flow. More realistically, the reactor would be
at or near a full power condition and thus the
maximum pressure loads acting on the internal
components would be as listed under Case 1 in
Table 3.9-3.

19535 Stress and Fatigue Liris for Core
Support Structures

The design and construction of the core
support s'ructures are in accordance with ASME
Code Section 11, Subsection NG.
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39536 Stress, Deformation, and Fatigue
Limits for Safety Class and Other Reactor
Internals (Except Core Support Structures)

For safety class reactor internals, the stress
deformetion and fatigue criteria listed in + sbles
3.9.4 through 3.9-7 are based on the criteria
established in applicable codes and standards for
similar equipment, by manufacturers standards, or
by empirical methods based on field experience
and testing, For the quantity SF (minimum
safety factor) appearing in lh&y’ublcs. the
following values are used:

Service Service SF
Level Condition  __min
A Nor ».| 2.25

B Upser 225

C Emergency 1.5

D Faulted 1125

Components inside the reactor pressure vessel
such as control rods which must move during
accident condition have been exami d to
determine if adequate clearances exist during
emergency and faulted conditions. No mechanical
clearance problems have been identified. The
forciag functions applicable to the reactor
intarnals are discussed in Snhsection 3.9.2.5,

The design criteria, loading conditions, and

analyses t¥ + arovide the bzsis for the design of
the safet ‘actor internals other than the
core sup tures meet the guidelines of
NG-3i * constrcted so as not to
advers | the in:: rity of the core
support v .8 (NG-1122),

The de-«  cquirements for eqripment

classified as non-safety (other) class interrnals
(e.g., steam dryers and shroud heads) are
specified with appropriate consideration of the
intended service of the equipment and expected
plant and environmental conditions under which it
w.l operate. Where Code design requirements are
not applicable, accepted industry or engineering
practices are used.

Amendent 21
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3.9.6 Inservice Testing of Pumps and Valves

Inservice testing of safety-related pumps and
valves will be performed in accordance with the
requirements of Section X1, Subseciion IWP and
IWV, of the ASME Code. Table 3.9-8 lists the
inservice testing parameters and frequencies for
the safety-related pumps and valves. Valves
having a containment isolation function are also
noted in the listing. Code testing flexibility
in the ASME/ANSI O&M Part 6 for pumps and Part
10 for valves produced no need for relief
requests. A review of field experience for
typical BWR testing problems also showed the
Code encompassed common relief requests.
Inservice inspection is discussed in Subsection
5.2.4 and Section 6.6,

Details of the inservice testing program,
including test schedules and frequencies will be
reported in the inservice inspection and testing
plan which will be provided by the applicant
referencing the ABWR design. The plan will
integrate the applicable tist requirements for
safety-related pumps and valves including those
listed in the technical specifications, Chapter
16, and the containment isolation valves,
Subsection 6.2.4. An example is the periodic
leak testing of the reactor coolant pressure
isolation valves in Table 3.9-9 will be
performed in accordance with Chapter 16
Surveillance Requirement 3.6.1.5.10. This plan
will include baseline pre-service testing to
support the periodic in-service testing of the
components. Depending on the test results, the
plan will provide a commitment to disassemble
and inspect the safety related pumps and valves
when limits of Subsection IWP or IWV are
excceded,as described in the following
paragrapks. The primary elements of this plan,
including the requirements of Generic Letter
89-10 for motor operated valves, are delineated
in the subsections to follow. (See Subsection
3.9.7.3 for COL license information
requirements).

3.9.6.1 Inservice Testing of Safety-Related
Pumps

The ABWR safety-related pumps and piping
configurations accommodate inservice testing at
a flow rate at least as large as the maximum
design flow for the pump. In addition, the
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sizing of each minimum recirculation flow path is
evaluated to assure that its use vcder all
analyzed conditions will not result in
degradation of the pump. The flow rate through
minimum recirculation flow paths can also be
periodically measured to verify that flow is in
accordance with the design specification.

The safety-related pumps are provided with
instrumentation to verify that the net positive
suction head (NPSH) is greater than or equel to
the NPSH required during all modes of pump
operation. These pumps can be disassembled for
evaluation when the Code Section XI testing
results in & Yeviation which falls within the
“required action range.” The Code provides
criteria limits for the test parameters
identified in Table 3.9-8. A program will be
developed by the applicant referencing the ABWR
design to establish the frequency and the extent
of disassembly and inspection based on suspected
degradation of all safety related pumps,
including the basis for the frequency and the
extent of each disassembly. The program may be
revised throughout the plant life to minimize
disassembly based on past disassembly
experience. (Sce Subsection 3,9.7.3(1) for COL
license information requirements.)

3962 Inservice Testing of Safety-Related
Valves

39.6.2.1 Check Valves

All ABWR safety-related piping systems
incorporate provisions for testing to demonstrate
the operability of the check valves under design
conditions. In-service testing will incorporate
the use of advance non-intrusive techniques to
periodically assess degradation and the
performance characteristics of the check valves.
The Code Section XI tests will be performed, and
check valves that fail to exkibit the required
performance can be disassembled for evaluation.
The Code provides criteria limits for the test
parameters identified in Table 3.9-8. A program
will be developed by the applicant referencing
the ABWR design to establish the frequency and
the extent of disessembly and inspection based on
suspected degradatior of all safety related
pumps, including the basis for the frequency and
the extent of each disassembly. The program may
be revised throughout the plant life to minimize
disassembly based on past disassembly
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experience. (See Subsection 3.9.7.3(1) for COL i

license information requirements.)
3.9.6.22 Motor Operated Valves

The motor operated valve (MOV) equipment
specifications require the incorporation of thz
results of either in-situ or prototype testing
with full flow and pre.sure or full differential
pressure to verify the proper sizing ard correct
switch settings of the valves. Guidelines to
justify prototype testine are contained in
Generic Letter 89-10, Supplement 1, Questions 22
and 24 through 28. The applicant referencing
the ABWR design will provide a study to
determine the optimal frequency for valve
stroking during in-service testing such that
unnecessary testing and damage is not done to
the valve as a result of the testing. (See
Subsection 3.9.7.3 for COL license information
raquirements).

The concerns and issues identified in
Generic Letter 89-10 for MOVs will be wddressed
prior to plant startup. The method of assessing
the loads, the method of sizing the actuators,
and the setting of the torque and limit switches
will be specifically addressed. (See Subsection
3.9.7.3 for COL license informnionl
requirements).

The in-service testing of MOVs will rely on
diagnostic techniques that are consistent with |
the staie of the art and which will permit an
assessment of the performance of the valve under
actual loading. Periodic testing will be
conducted under adequate differential pressure
and flow conditions that allow a justifiable
demonstration of continuing MOV capability for
d*sign basis conditions, including recovery from
inadvertent valve positioning. MOVs that fail
the acceptance criteria, and are "declared
inoperable,” for stroke tests and leakage rate
can be disassembled for evaluation. The Code
provides criteria limits for the test parameters
identified in Table 3.9-8. A program will be
developed by the applicant referencing the ABWR
design to e« ~blish the frequency and the extent
of disassemb.; and inspection based on suspected
degradation of all safety related "MOV’s",
including the basis for the frequency and the
extent of each disassembly. The program may be
revised throughout the plant life to minimize
disassembly based on past disassembly exper-
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ience. (See Subsection 3.9.7.3(1) for COL
; license information requirements.)

39623 Isolation Valve Leak Tests

The leak-tight imygrity will be verified
for cach valve relied upon to provide a
leak-tight function. These valves include:

(1) pressure isolation valves - valves that
provide isolation of pressure differential
from one part of a system from another or
between systems;

(2) temperature isolation valves - valves whose
leakage may causc unacceptable thermal
loading on supports or stratification in the
piping and thermal loading on supports or
whose leakage may cause steam binding of
pumps; and

(3) containment isolation valves - valves (hat
perform a containment isolation function in
accordance with the Evaluation Against
Criterion 54, Subsection 3.1.2.5.5.2,
including valves that may be exempted from
Appendix J, Type C, testing but whose
leakage may cause loss of suppression pool
water inventory.

Leakage rate testing of valves wil! be in
accordance with the Code Sect on X1, An example
is the fusible plug valves that provide a lower
drvwell flood for severe accidents described in
Subsection 9.5.12. The valves are safety-related
Aue to the function of retaining suppression pool
water a3 shown in Figure 9.5-3. These special
valves are noted here and not in Table 3.9-8,
The fusible plug valve is a nonreclosing pressure
relief device and the Code requires replacement
of each at a maximum of § year intervals.
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| 39.7 COL License Information

31971 Reactor Internals Vibration Analysis,
Measurement and laspection Program

l The first COL applicant will provide, at the
time of application, the results of the vibration
assessment program tor the ABWR prototype
internals. These results will include the
following information specified in Regulatory
Guide 1.20.

R.G. 120 Subjeet

C21 Vibration Analysis
Program

Ak B ] vibrazion Measurement
Frogram

C23 Inspection Program

C24 Documentation of
Results

NRC review and approval of the above

l information on the first COL applicants docket

will complete the vibration assessment program
requirements for prototype reactor internals.

In addition to tae information tabulated

| above, the first COL applicant will provide the

information on the schedules in uccordance with

the applicable portions of position C.3 of

Regulatory Guide 1.20 for non-prototype
internals.

l Subsequent COL applicants need only provide
the information on ihe schedules in accordance
with the applicable portions of position C.3 of
Regulatory Guide 1.20 for non-prototype
internals. (See Suvsection 3.9.2.4 for interface
requirements).

3.9.72 ASME Class 2 or 3 or Quality Group
Components with 60 Year Design Life

COL applicants will identify ASME Class 2 or
3 or Quality Group D components that are
subjected to loadings which could result in
thermal or dyramic fatigue and provide the
analyses required by the ASME Code, Subsection
NB. These analyses will include the appropriate
operating vibration loads and for the effects of
mixing hot and cold fluids. (See Subsection
3.93.1.
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3.9.73 Pump and Valve Inservice Testing
Program

COL applicants will provide a plan for the
detailed pump and valve inservice testing and
inspection program. This plan will

(1) Include baseline pre-service testing to
support the periodic in-s2rvice testing of
the components required by technical
specifications. Provisions are included to
disassemble and inspect the pump, check
valves, and MOVs withia the Code and
safety-related classification as necessary,
depending oz test results. (See Subsections
396, 3.96.1, 39.6.2.1 and 3.9.6.2.2)

(2) Provide a study to determine the optimal
frequency for valve stroking during
inservice testing. (See Subsection
3.9.6.2.2)

(3) Addrers the concerns and issues identified
in Generic Letter 89-10; specifically the
method of assessment of the loads, the
method of sizing the actuators, and the
setting of the torque and limit switches.
(See Subsection 3.9.6.2.2)

39.74 Audit of Design Specitication and
Design Reports

COL applicants will make available to the
NRC staff design specification and design
reports required by ASME Code for vessels,
pumps, valves and piping systems for the purpose
of audit. (See Subsection 3.9.3.1)

198 References

L. BWR Fuel Channel Mechanical Design and
Deflection, NEDI-21354-P, September 1976,

2. BWR/6 Fuel Assembly Evaluation of Combined
Safe Shutdown Earthguake (SSE) and
Loss-of-Coolant Accident (LOCA) Loadings,
NEDE-21175-P, November 1976,

3. NEDE-24057-P (Class III) and NEDE-24057

(Class 1) Assessment of Reactor Internals.
Vibration in BWR /4 and BWR/5 Plants,
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Table 3.9-1
PLANT EVENTS
A. Plant Operating Events
1. Boltup (1) A

2. Hydrostatic Test (two test cycles for each
boltup cycle)

3. Startup (lmoF/hr Heatup Rate)(2)

4. Daily and Weekly Reduction to 50% Power (1)
S.  Control Rod Pattern Change (1)

6.  Loss of Feedwater Heaters

7.  Scram:

a. Turbine Generator Trip, Fevdwater On,
and Other Scrams

b. Loss of Feedwater Flow,
Loss of Auxi'ary Power

¢ Turbine Bypass, Single Safety or Relief
Valve Blowdown

8. Rcdgction to (% Power, Hot Standby, Shutdown
(100" F /hr Cooldown Rate) (2)

9. Rcfueling Shutdown with Head Spray and Unbolt (1)
10. Scram:
a. Reactor Overpressure with Delayed Scram
(Anticipated Transient Without Scram,
ATWS)
b.  Automatic Blowdown
11.  Improper or Sudden Start of Recirculation

Pump with Cold Bottom Head or Hot Standby -
Drain Shut Off - Pump Restart

Amendent 21
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135
390
18,000

120

188
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1(3)
1(3)
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Table 3.9-1
PLANT EVENTS
B. Dynamic Loading Evenu(a)

ASME Code  No. of

Scnkﬁ Cycles/
0 1

Limit ) )

Events
12.  Operating Basis Earthquake (OBE) Event at B 10 Cycles (4)
Rated Power Operating Conditions
13, Safe Shutdown Earthquake (SSE) (5) at Rated D(9) 1(3) Cycle
Power Operating Conditions
14.  Turbine Stop Valve Fuil Closure (TSVC)(6) B 990
During Event 7a and Testing Cycles
15.  Safety Relief Valve (SRV) Actuation (One, B 396
Two Adjacent, All or Automatic Depressuri- Events(7)

zation System) During Event 7a and 7b

16, Loss of Coolant Accident (LOCA)

Small Break LOCA (SBL) D(9) 1(3)

Intermediate Break LOCA (IBL) D(9) 1(3)

Large Break LOCA (LBL) D(8) 1(3)
NOTES:

(1) Some events apply to reactor pressure vessel (RPV) only. The number of events/cycles
applies to RPV as an example.

(2)  Bulk average vessel coolant temperature change in any one hour period.

(3) The gnnual encounter probability of a single event is <107 for a Level C event and
<10" for a Level D event. See Subsection 3.9.3.1.1.5.

(4) 50 peak OBE cycles for piping, 10 peak OBE cycles for other equipment and compones. s.

(5)  One stress or load reversal cycle of maximum amplitude.
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Table 3.9-1
' PLANT EVENTS
B. Dynamic Loading Events
(Continued)
NOTES:

(6) Applicable to main steam piping system only,

(7) The number of reactor building vibratory load cycles on the reactor vessel and internal components
is 29,400 cycles of varying amplitude during the 396 events of safety/relief valve actuation,

(8)  Table 3.9-2 shows the evaluation basis combination of these dynamic loadings.

(9) Appendix F or other appropriate requirements of the ASME Code are used to determine the service
Level D limits, as described in Subsection 3.9.1.4,

(10) These ASME Code Service Limits apply to ASME Code Class 1, 2 and 3 components, component supports

and Class CS structures. Different limits apply to Class MC and CC containment vessels and
components, as discussed in Section 3.8,
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Table 3.9-2

LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR SAFETY-RELATED,

ASME CODE CLASS 1,2 AND 3 COMPONENTS, COMPONENT
SUPPORTS, AND CLASS CS STRUCTURES

Plant Event

Normal Opera‘ion (NO)

Plant /System Operating
Transients (SOT

NO + OBE

SOT + OBI

Infrequent Operating

Service Loading
Combination(® ),(%).(*)

N

(a) N + TSV(
(b) N + SRV(*)

+ OBE

N + TSVC + OB}

N + SRV(®) + OB!

ASMI
Servige Level(?)

A

B(%)
B("

+ SRV(®)
T ransient (10T), ATWS

SBI + SRV (*) + SBL(}!

SBL or IBL + | + SBL (or IBL)(1 1)

SSE + SRV(?)
LBL (1) + 85
t SRV (#) + TSVC (1 2)

NOTES

(1) See Legend on the following pages for definition of terms. See Table 3.9-1 for plant events
and cycles information

The service loading combination also applies to Seismic Category | Instrumentation ¢

clectrical equipment (See Section 3.10

The service levels are as defined in appropriate subsection of ASME Section 111, Division 1

For vessels and pumps, loads induced by the

attached piping arc included as identified
their design specification

For piping systems, water (steam) hammer loads are included as identified in their design
specification

The method of combination of the loads 1s in accordance with NUREG-0484, Rewision 1

For active Class 1, 2 or 3 valves, the design pressure is specified equal to or greater than

the pressure for which the valve must operate {open or close)
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Table 3.9-2

. LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR SAFITY-RELATED,
ASME CODE CLASS 1, 2 AND 3 COMPONENTS, COMPONENT
SUPPORTS, AND CLASS CS STRUCTURES
(Continued)

LOAD DEFINITION LEGEND:

LOCA, -  Aarulus pressurization (AP) loads due to ~ postulated line break in the annulus
region between the RPV and shieldwall. Vessel depressurization loads on reactor
internals (see Subsection 3.9.2.5) and other loads due to reactor blowdown reaction
and jet impingement and pipe whip restraiot reaction fiom the broken pipe are
includcd with the AP loads.

SBL . Loads induced by small break LOCA (see Subsections 3.9.3.1.1.3 and 3.93.1.1.4); the
loads are: LOCA‘(a). l.()CA4 and LOCAb. See Note (11).

IBL ; Loads induced by intermediate break LOCA (see Subsection 3.9.3.1.1.4); the loads are:
LOCA,‘(a) or LOCA.;(h). LOCA“. LOCA and LOCA(’. Sec Note (11).

LBL . Loads induced by large break LOCA (see Subsection 3.9.3.1.1.4); the loads are:
L()(‘Al th ough LOCA,. See Note (11).
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I'able 3,9.3

PRESSURE DIFFERENTIALS ACROSS REACTOR VESSEL INTERNALS

Maximum Pressure
Differences Occurring
During a Steam

Reactor Component'

Line Break (psid)

Case 1(°) Case 2
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3D.4 PIPING
3D.4.1 Piping Analysis Program--PISYS

PISYS is a computer code for analyzing piping
systems subjecied to both static and dynamic
piping loads. Stiffness matrices representing
standard piping components are assembled by the
program to form a finite element model of a
piping system. The piping elements are connected
to each other via nodes called pipe joiuts, It
is through these joints that the model interacts
with the environment, and loading of the piping
system becomes possible. PISYS is based on the
linear elastic analysis in which the resultant
deformations, forces, moments and accelerations
at each joint are proportional to the loading and
the superposition of loading is valid.

PISYS has a full range of static dynamic load
analysis options. Static analysis includes dead
weight, uniformly-distributed weight, thermal
expansion, externally-applied forces, moments,
imposed displacements and differential support
movement (pseudo-static load case). Dynamic ana-
lysis includes mode shape extraction, response
spectrum analysis, and time-history analysis by
modal combination or direct integration. In the
response spectrum analysis, i.e. uniform support
motion response spectrum analysis (USMA) or inde-
pendent support motion response spectrum analysis
(ISMA), the user may request modal response com-
bination in accordance with NRC Regulatory Guide
1.92. In the ground motion (uniform mation) or
independent support time-history analysis, the
normal mode solution procedure is selected. In
analysis involving time-varying nodal loads, the
step by step direct integration method is used.

The PISYS program has been benchmarked against
Nuclear Regulatory Commission piping models. The
results are documented in a report to the
Commission, "PISYS Analysis of NRC Benchmark
Problems®, NEDQO-24210, August 1979, for mode
shapes and USMA options. The ISMA option has
been validated against NUREG/CR-1677, "Piping
Benchmark Problems Dynamic Analysis Independent
Support Motion Response Spectrum Method,”
published in August 1985,

3D.4.2 Component Analysis--ANSI7

ANSI7 is a computer code for calculating
stresses and cumulative usage factors for Class

wendment 21
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1, 2 and 3 piping components in accordance with
articles NB, NC and ND-3650 of the ASME Code,
Section 111, ANSI17 is also used to combine
loads and calculate combined service level A, B,
C and D loads on piping supports and pipe
mounted equipment.

3D.4.3 Area Reinforcement--NOZAR

The computer program NOZAR (Nozzle Arca
Reinforcement Program) performs an analysis of
the required reinforcement area for openings.
The calculations performed by NOZAR are in
accordance with the rules of the ASME Code,
Section I, 1974 edgition.

3D.4.4 Dynamic Forcing Functions

3D.4.4.1 Relief Valve Discharge Pipe Forces
Computer Program-RVFOR

The relief valve discharge pipe connects the
pressure-relief valve to the suppression pool.
When the valve is opened, the transient fluid
flow causes time dependent forces to develop on
the pipe wall. This computer program computes
the transients fluid mechanics and the resultant
pipe forces using the method of characteristics.

3D.4.42 Turbine Stop Valve Closure--TSFOR

TSFOR program computes the time-history
forcing function in the main stcam piping due to
turbine stop valve closure. The program
utilizes the method of characteristics to
compute fluid momentum and pressure loads at
cach change in pipe section or direction.

3D.4.5 Response Spectra Generation

3D.4.5.1 ERSIN Computer Program

ERSIN is a computer code used to generate
response spectra for pipe mounted equipment and
for floor mounted equipment. ERSIN provides
direct generation of local or global accel-
eration response spectra,

3D.4.52 RINEX Computer Program

RINEX is a computer code used to interpolate
and extrapolate amplified response spectra used
in the response spectrum method of dynamic
analysis. RINEX is also used to generate
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3D.4.8 Thermal Transient Program--
LION

'he LION prog

ial thermal

vaiu p gram calculates
AT., Ta, and Tb (defined
3D.4.6 Piping Dynamic Analysis Sedtion 111, Subsection
Program--PDA tapered pipe wall thicknes

1D.4.9 Deleted

3D.4.10 Engineering Anuiysis System--ANSYS
a 11!‘\’; scalc

lution of

18 Analysis

include statid

nd swelling small
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3D.4.7 Deleted
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APPENDIX 3E
GUIDELINES FOR LBB APPLICATION

JE.1 INTRODUCTION

As discussed in Subsection 3,6.3, this
appendix provides detailed guidelines for the COL
applicant’s use in applying for NRC's approval of
LBB for specific piping systems. Also included
in this appendix are the fracture mechanics
properties of ABWR piping materials and analysis
methods, including the leak rate calculatio.
methods. Table 3E.1-1 gives a list of piping
systems inside and outside the containment that
are preliminary candidates for LBB application,
As noted on Table 3E.1-1, most candidate piping
systems are carbon steel piping. Therefore, this
appendix deals extensively with the evaluation of
carbon steel piping.

Piping qualified by LBB would be excluded from
the non-mechanistic postulation requiremeuts of
doublz-ended guillotine break (DEGB) specified in
Subsection 3.6.3. The LBB qualification means
that the through-wall flaw lengths that are
detectable by leakage monitoring systems (see
Subsection 5.2.5) are significantly smalle: than
the fl:w lengths that could lead to pipe rupture
or instability.

Section 3E.2 addresses the fracture mechanics
properties aspects required for evaluation in
accordance with Subsection 3.6.3. Section 3E.3
describes the fracture mechanics techniques and
methods for the determination of critical flaw
lengths and evaluation of flaw stability.
Explained in Section 3E.4 is the determination of
flaw lengths for detectable leak ges with
margin. A brief discussion on the leak ' *~ction
capabiliticy is presented in Sec.'~a 3E.S.
Finally, Section 3E.6 provides general guidelines
for the preparation of LBE justificaiion reports
by providing two examples.

Material selection and the deterministic LBB

evaluation procedure are discussed in this
section.

3E.1.1 Material Selection Guidelines

The LBB approach is applicable to piping
systems for which the materials meet the

Amendment 21

following criteria: (1) low probability of
failure from the effects of corrosion (e.g..
intergrannular stress corrosion cracking) and
(2) adequate margin before susceptibility to
cleavage type fracture over the full range of
consequences.

The ABWR plant design specifies use of
austenitic stainless steel piping made of
material (e.g., nuclear grade or low carbon
type) that is recognized as resistant to 1GSCC.
The carbon steel or ferritic steels specified
for the reactor pressure boundary are doscribed
in 3E2.2. These steels are assured to have
adequate toughness to preclude a fractare at
operating temperatures. A COL appli ;ant is
expected 1o supply a detailed justific «tion in
the LBB evaluation report consider’ ; system
tempei ature, fluid velocity end en .ronmental
conditions.

3E.1.2 Deterministic Evaluation Procedure

The following deterministic analysis and
evaluation are performed as an NRC-approved
method to justify applicability of the LBB
concept.

(1) Use the fraciure mechanics and the leak rate
computational methods that are accepted by
the NRC staff, or are demonstrated accurate
with respect to other acceptable computa-
tional procedures or with experimental data.

(2) Identify the types of materials and
materials specifications used for base
metal, weldmeats and safe enas, and provide
the materials properties including toughness
and tensile data, long-term effects such as
thermal aging, and other flimitstions.

(3) Specily the type and magnitude of the loads
applied (forces, bending and torsional
moments), their source(s) and method of
combination. For each pipe size in the
functional system, identify the location(s)
which have the least favorable combination
of stress and mat. -ial properties for base
metal, weldments and safe ends.

atil-1
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(11)

cover the range of the strength ar. tensile
properties expected for specific  aterial
specifications or types. Reasonable lower
bound tensile and toughness properties from
the industry generic data base are used fro
the stability analysis of individual mater-
ials.

If the data are being developed from an
archival heat of material three stress-
strain curves and three J-resistance curves
from that one heat of material is suffi-
cient. The tests should be conducted at
temperatures near the upper range of normal
plant operation. Tests should aiso be
conducted at a lower temperature, which may
represent a plant condition (e.g., hot
scandby) where pipe break would present
safety concerns similar to normal opera-
tion. These tests are intended only to
determine if thore is any significant
dependence of toughness on temperature over
the temperature range of interest. The
lower toughness should be used in the
fracture mechanics evaluation. On< J-R
curve and one stress-strain curve for one
base metal and weld metal are considered
adequate to determine temperature
dependence.

There are certain limitations that currently
preclude generic use of limit load analyses
to evaluate leak-before-break conditions
deterministically, However, a modified
limit-load analysis can be used for
austenitic stainless steel piping to
demonstrate acceptable margins as described
in Subsection 3E.3.3.
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L2 MATERIAL FRACTURE TOUGH
NESS CHARACTERIZATION

\E.2.1 Fracture Toughness
Characterization
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displacement).
@ .4 are the initial and current crick

lengths respectively.

For the particular case of the compact tension
specimen geomeltry, the preceding Equation and the
corresponding rate take the form

) sl y.0, da
mod f. __El_

s 1£.2-4)

where J . is the nonlinear part of the
dcfurmni‘u\ theory J, b is the remaining ligament
and s
s (140.76 b/W) (E2-5)
Consequently the modified material tearing
modulus Tmod can be defined as:

Tood " Tou * B, 24

%4 &

Since in most of the test J-R curves the
W>10 limit was violated. all of the material J-T
data were recalculated in the J , T
format. The J i ¥ caleulallBhs weFe
performed up to tick Richsior of a=10% of
the original ligament in the test specimen. The
J-T curves were then extrapolated to larger J
values using the method recommended in NUREG
1061, Val. 3 [9).

2 pl (E.26)

The J - T approach is used in
this uppé"n“(ﬁx fof"Mustrative purposes. It
should be adopted if justi‘ied based on its
acceptability by the technical literature., A
J_ - approach is another more justifiable
aBproach.

3E.2.2 Carbon Steels and Associated
Welds

The carbon steels used in the ABWR reactor
coolant pressure boundary piping are: SA 106 Gr
B, SA 333 Gir. 6 and SA 672, Gr. C70. The first
specification covers seamless pipe and the second
on¢ pertains to both scamless and scam-welded
pipe. The last one pertains to seam-welded pipe
for which plate itock is specified as SA 516, Gr.
70. The corresponding material specifications
used for carbon steel flanges, fittings and
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forgings are cquivalent to the piping
specifications.

While the chemical composition requirements
for a pipe per SA 106 Gr. B and SA 333 Gr. 6 are
identical, the latter is subjecied to two
additional requirements: (1) a aormalizing heat
treatment which refines the grain structure and,
(2) & charpy test at 50"F with a specified
minimum absorbed energy of 13 ft-1bs. The
clectrodes and filler metal requirements for
welding carbon steel to carbon or low alloy
steel are as specified in Table 3E .21,

A comprehensive test program was undertaken
at GE to characterize the carbon steel base and
weld material toughness properties. The next
section describes the scope and the results of
this program. The purpose of the test program
was to generate the necessary data for appli-
cation in Section 3E.6 and to illustrate a
general procedure of conducting the tests per
requirements of ltem (10) in Section 3E.1.2.
The extent of the test program for NRC's
approval of an application will depend upon the
identified requirements.

3E22. Fructure Toughness Test Program

The test program consisted of generating true
stress-true strain curves, J-Resistance curves
and the charpy V-notch tests. Two materials
were selected @ (1) S8A333 Gr. 6, 16-inch
diameter, Schedule 80 pipe and (2) SAS16, Gr.
70, 1-inch thick plate. Table 3E.2-2 shows the
chemical composition and mechanical property
test information provided by the material
supplier. The materiais were purchased to the
same specifications as those to be used in the
ABWR applications.

To produce a circumferential butt weld, the
pipe was cut in two picces along a
circumferential plane and welded back using the
shiclded metal arc process. The weld prep was
of single V design with a backing ring. The
preheat temperature was 200°F.

The plate material was cut along the
longitudinal axis and welded back using the SAW
process. The weld prep was of a single V type
with one side as vertica' and the other side at
457, A backing plate was used during the
welding with a cleararce of 1/4 inch at the

3E22
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bottom of the V. The ia!c&pau temperature was
maintained at less than 500 F,

Both the plate and the pipe welds were X rayed
according to Code [11] requirements and were
found to be satisfactory.

It is well-known that carbon steel base
materials show considerable anisotropy in
fracture toughness properties. The toughness
depends on the orientation and direction of
propagation of the crack in relation to the
principal direction of mechanical working or gain
flow, Thus, the selection of nroper orien-
tation of charpy and J-R curve test specimen is
important. Figure 3E.2-2 shows the orientation
code for rolled plate and pipe specimen as given
in ASTM Standard E399 [12]. Since a through-wall
circumferential crack configuration is of most
interest from the DEGB point of view, the L.T
specimen in a plate and the L-C specimen in &
pipe provide the appropriate toughness properties
for that case. On the other hand, T-L and C-L
specimen are appropriate for the axial flaw case.

Charpy test data are reviewed first since they
provide a qualitative measure of the fracture
toughness.

3E22.1.1 Charpy Tests

The absorbed energy or its complement, the
lateral expansion measured during a Charpy V-
notch test provides a qualitative measure of the
matcrial toughness. For example, in the case of
sustenitic stainless steel flux weldments, the
observed lower Charpy energy relative to the base
metal was consistent with the similar trend
observed in the J-Resistance curves, The Charpy
tests in this program were used as preliminary
indicators of relative toughness of welds, HAZs
and the base metal

The carbon steel base materials exhibit
considerable anisotropy in the Charpy energy as
illustrated by Figure 3E.2-3 from Reference 13,
This anisotropy is associated with development of
grain flow due to mechanical working. The Charpy
orientation C in Figure 3E.2-3 (orientations LC
and LT in Figure 3E.2-2) is the appropriate one
for evaluating the fracture resistance to the
extension of a through-wall circumferential
flaw. The upper shelf Charpy energy associated
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with axial flaw extensien (orientation A in
Figure 3E.2-3) is considerably lower than that
for the circumierential crack extension.

A similar trend in the base metal charpy
energies was also noted in this test program.
Figures 3E 2-4a and b show the pipe and plate
material Charpy encrgies for the two orien-
tatio s as a function of temperature. The tests
were conducted at six mapomutel ranging from
room temperature to S50°F. From the tread of
the Charpy energies as a function of temperature
in Figures 3E.2-4a and b it is clear that even
at room temperature the upper sheil conditions
have been reached for both the materials,

No such anisotropy is expected in the weld
metal since it does not undergo any mechanical
working after its deposition. This conclusion
is also supported by the available data in the
technical literature. The weld metal charpy
specimen in this test program were oriented the
L vay #» the LC or LT orientations in Figure
3E.2. 0 W™ charpy specimens were also

; |

o 2ot e d
vig o w28 shows 8 comparizon of the
charpy eaergies from the 333 Gr. 6 base metal,
the weld metal and the HAZ. In most cases two
specime s were used. Considerable scatter in
the weld and HAZ charpy energy values is seen.
Nevertheless, the average energies fro the weld
metal and the HAZ seen to fall at or above the
average base metal values. This indicates that,
unlike the stainless steel flux weldments, the
fracture toughness of carbon steel weld and HAZ,
as measured by the charpy cests, is at least
cqual to the carbon steel base metal.

The preceding results and the results of the
stress-strain tests discussed in the next
section or other similar data are used as a
basis to choose between the base and the weld
metal properties for use in the J-T methodology
evaluation,

3E22.12 Stress-Strain Tests
The stress-strain tests were performed at
three temperatures: Room temperature, 350°F

and 550°F. Base and weld metal from both the
pipe and the plate were tested. The weld
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specimens were in the as-welded condition. The
standard test data obtained from these tests are
summarized in Table 3E 2-3,

An examination of Table 3E.2-3 shows that the
measured yield strength of the weld metal, as
expected, is considerably higher t" an lhd" of the
base metal. For example, the S50°F yield
strength of the weld metal in Table 3E.2-3 ranges
from 53 to 59 ksi, whereas the base metal yield
strength is only 34 ksi. The impact of this
observation in the selection of appropriate
material (J/T) curve is discussed in later
sections.

Figures 3E.2:6 a_through d show the plots of
the $50°F and 350"F stress-strain curves for
both the pipe and the plate used in the test, As
expected, the weld metal stress-strain curve in
every case is higher than the corresponding base
metal curve. The Ramberg-Osgood format
characterization of these stress-strain curves is
given in Section 3E.3.2 where appropriate values
of and is also provided.

AE22.1.3 J-R Curve Tests

The test temperatures selected for t&ne J-R
curve tests were: room temperature, 350°F and
S50°"F. Both the weld and the base metal were
included. Due to the curvature, only the 1T plan
compact tension (CT) specimens were obtained from
the 16 inch diameter test pipe. Both 1T and 2T
plan test specimens were prepared from the test
plate. All of the CT specimens were side-grooved
to produce plane strain conditions.

Table 3E.2-4 shows some details of the J-R
curve tests performed in this test program. The
J-R curve in the LC orientation of the pipe base
metal and in the LT orientation of the plate base
metal represent the material’s resistance to
crack extension in the circumferentia’
direction, Thus, the test results of these
orientativas were used in the LBB evaluations,
The orientation effects are not present in the
weld metal. As an example of the J-R curve
obtained in the test program, Figure 3E.2-7 shows
the plot of J-R curve obtained from specimen
OWLC~1\.

IE2.22 Material (J/T) Curve Selection
The normal operating temperatures for most of
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the carbon steel piping in the reactor coolant
pressure boundary in the ABWR generally (g.ll
inlo (wo calegories: S28-550°F aud 420°F,
The latter temperature corresponds to the
operating temperature of the feedwater pipiog
system. The selections of the appropriate
material (1/T) curves for these two categories
are discussed next.

3E22.2.1 Material J/T Curve for $80"F

A review shows that 5 tests were conducted
al S50°F., Two tests were on the weld metal,
two were on the base metal and one was on the
heat-affected zone. Figure 3E.2.8 shows the
plot of material J = values
calcnlale& from the J-b d"Values dblalned from
the 550°F tests. The value of flow stress,
0, used in the tearing modulus calculation
(gqnuion E.2:1) was 52.0 ksi based on data
shown in Table 3E.2-3, To convert the
deformation J and 2! values obtained from the
JRinto ), TY" Equations E.2-4 and
E.2-6 wereWhbd. 'U'lfly the data from the pipe
weld (Specimen 1D OWLC-A) and the plate base
metal (Specimen 1D BMLI12) are shown in Figure
JE2-8. A few unreliable data points were
obtained in the pipe base metal (Specimen 1D
OBLC-2) J-R curve test due to a malfunction in
the instrumentation. Therefore, the data from
this test were not included in the evalamion.
The J-R curves from the other two S50 F tests
were evaluated as described in the next
paragraph. For comparison purposes, Figure
3E.2-8 also shows the SA106 carbon steel J-T
data obtained from the J-R curve reported by
Gudas [14). The curve also includes
extrapolation to higher J values based on the
method recommended in NUR..G 1061, Vol. 3(9].

The J -T data for the plate weld
metal and The m'c HAZ were cvaluated. A
comparison shows that these data fall slightly
below those for the plate base metal shown in
Figure 3E.2-8. On the other hand, as noted in
Subsection 3E.2.2.1.2, the yield strength of the
weld metal and the HAZ is considerably higher
than that of the base metal. The material
stress-strain and J-T curves are the two key
inputs in determining the instability load and
flaw values by the (J/T) methodology.
Calculations performed for representative
through-wall flaw sizes showed that the higher
yield strength of the weld metal more than com-
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pensates for the slightly lower J-R curve and,
consequently, the instability load and flaw
predictions based on base meta! properties are
smaller (i.e., conservative). Accordingly, it
was concluded that the material (J-T) curve shown
in Figure 3E 2-8 is the appropriate one Lo use in
|hanBl evaluations for carbon steel piping at
S50°F.

IE2222 Material J/T Curve For 420°F

Since the test temperature of 350°F can be
considered reasonably close to the 4207 F, the
test J-R curves for 350 F were used in this
case. A review of the test matrix in Table
JE 2.4 shows that three tests were conducted at
350°F. TheJ . 7 data for all
three tests were reviewed. ™he flow stress value
used in the tearing modulus calculation was 54
ksi based on Table 3E.2-3. Also reviewed were
thy data on SA106 carbon steel at 300 F
reported by Gudas [14).

(:ons"‘slem with the trend of the 550°F data,
the 350°F weld metal (J-T) data fell below the
plate and pipe base metal data. This probably
reflects the slightly lower toughness of the SAW
weld ia the plate. The (J/T) data for the pipe
base metal fell between the plate base metal and
the plate weld metal. Based on the
considerations similar to those presented in the
previous section, the pipe base metal J-T data,
although they may lic above the weld J-T data,
were used for selecting the appropriate (J-T)
curve. Accordingly, the curve shown in Figure
3E.2-9 was developed for using lgc (J-T)
methodology in evaluations at 420°F,

AE.2.3 Stainless Steels and Associated Welds

The stainless steels used in the ABWR reactor
coolant pressure boundary piping are either
Nuclear grade or low carbon Type 304 or 316,
These materials and the associated welds are
highly auctile and therefore, undergo consi-
derable plastic deformation before failure can
occur. Toughness properties of Type 304 and 316
stainless steels have been extensively reported
in the open technical Literature and are, thus,
not discussed in detail in this section. Due to
high ductility and toughness, modified limit load
methods can be used to determine critical crack
lengths and instability loads (see Subsection
3E.3.3).
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