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NRC RAI 3.6-22

We are not aware of any plans to use Leak Before Break (LBB) evaluation techniques for
the ESBWR however LBB is described or referred to in several areas of the DCD. This
primarily involves ESBWR DCD Tier 2, Revision 1,Section 3.6.3 and Appendix 3E, but it
also includes references to LBB in ESBWR DCD Tier 1, Revision ] and in other areas of
the ESBWR DCD Tier 2, Revision 1. Please describe your plans to use LBB or remove
discussions related to LBB from the DCD if it is not to be part of the certified design.

GE Response

LBB will not be used in ESBWR design due to conservative piping stress limits. LBB
will be removed from the DCD and the Appendix 3E content will be removed.

DCD Impact

DCD Tier 2 Subsection 1.2.2.15.1, Table 1.9-3, Table 1.9-20, Table 1.10-1, Table 3.2-1,
Subsection 3.6, Subsection 3.6.3, Subsection 3.6.6, Table 3.9-2, Appendix 3E will be
revised as noted in the attached markup.
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NRC RAI 14.3-93

Provide ITAAC in DCD Tier 1 for the Circulating Water System or provide the rational
for not including it. The acceptance criteria should include an as-built inspection of the
system, testing to demonstrate the system is functioning properly, and testing of the
alarms and controls in the main control room.

GE Response

This RAI requests Tier 1 or ITAAC changes and/or additions; therefore, it has been
reviewed per GE internal Tier 1 content determination guidelines, which are based on
draft SRPs 14.3 through 14.3.11 and DG-1145 (as of July 31, 2006). This response is
provided consistent with those guidelines. The following includes some of regulatory
bases used to develop the GE Tier 1 content determination guidelines.

Draft SRP 14.3, Appendix A, Section IV, first paragraph states, "While the Tier 1
information must address the complete scope of the design to be certified, the amount of
design information is proportional to the safety-significance of the structures and systems
of the design." Therefore, a graded approach, based on safety functions, is used for
determining the amount of detail in the Tier 1 design descriptions (DD) and ITAAC.

Draft SRP 14.3, Appendix A, Section IV, Item B. 1 states, "The design descriptions (DD)
address the most safety-significant aspects of each of the systems of the design, and were
derived from the detailed design information contained in Tier 2. The applicant should
put the top-level design features and performance characteristics that were the most
significant to safety in the Tier I design descriptions. The level of detail in Tier 1
governed by a graded approach to the SSCs of the design, based on the safety
significance of the functions they perform." Therefore, not all safety-significant systems
are required to be described in Tier 1.

As delineated in 10 CFR 50.69, plants are expected to have "safety-related SSCs that
perform low safety significant functions, and thus, those SSCs should not be considered
as most safety-significant. However, for the ESBWR, the Tier 1 change determination
process conservatively assumes that all safety-related functions qualify as safety-
significant. For a passive plant, like the ESBWR, the safety-significant nonsafety-related
SSCs are determined by applying the Regulatory Treatment of Non-Safety Systems
(RTNSS) criteria. (The safety-significant nonsafety-related SSCs are addressed in Tier 2,
Appendix ID.) Therefore, the "safety-significant aspects" of the ESBWR involve the
performance of all safety-related functions and the RTNSS functions of the nonsafety-
related equipment. By exclusion, all other SSC functions are not safety-significant, and
therefore, are not required to be addressed in Tier 1.

Draft SRP 14.3, Appendix A, Section IV, Item B.2, sixth paragraph states "The level of
detail specified in the ITAAC should be commensurate with the safety significance of the
functions and bases for that SSC." Therefore, the ITAAC for a system should be based
on the safety significant information in the DD.
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The Circulating Water System is not safety-related nor does it qualify as a RTNSS

system, and thus, it is not safety-significant. Therefore, per the guidance in draft SRPs
14.3 - 14.3.11 and DG- 1145, only the system name, without a DD or ITAAC, is required
to be included in Tier 1. However, Tier 1 currently contains some DD information
without ITAAC, and therefore, already contains more information than is required.
Consequently, no additional information for the Circulating Water System is required to
be contained or added in Tier 1.

DCD Impact
No DCD change will be made in response to this RAI.
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1.2.2.15.1 Containment System

The ESBWR containment, centrally located in the Reactor Building, features the same
basic pressure suppression design concept previously applied in over three decades of
BWR power generating reactor plants. The containment consists of a steel-lined,
reinforced concrete containment structure in order to fulfill its design basis as a fission
product barrier at the pressure conditions associated with a postulated pipe rupture.

Main features include the upper and lower drywell surrounding the RPV and a wetwell
containing the suppression pool that serves as a heat sink during abnormal operations and
accidents.

The containment is constructed as a right circular cylinder set on the reinforced concrete
base mat of the reactor building. The drywell and wetwell design conditions are provided
in Section 6.2.

The drywell comprises two volumes: an upper drywell volume surrounding the upper
portion of the RPV and housing the steam and feedwater piping, the SRVs, GDCS pools,
main steam drain piping and upper drywell coolers; and a lower drywell volume
surrounding the lower portion of the RPV, housing the FMCRDs, neutron monitoring
system, equipment platform, lower drywell coolers and two drywell sumps. The drywell
top opening is enclosed with a steel head removable for refueling operations.

The gas space above the suppression pool serves as the LOCA blowdown reservoir for
the upper and lower drywell nitrogen and non-condensable gases that pass through the
twelve drywell-to-wetwell vertical vents, each with three horizontal vents located below
the suppression pool surface. The suppression pool water serves as the heat sink to
condense steam released into the drywell during a LOCA or steam from SRV actuations.

Access into the upper and lower drywells is provided through a double sealed personnel
lock and an equipment hatch. The equipment hatch is removable only during refueling or
maintenance outages. A hatch located in the Reactor Building provides access into the
wetwell.

During plant startup, the Containment Inerting System, in conjunction with the
containment purge system and the drywell cooling fans, is utilized to establish an inert
gas environment in the containment with nitrogen to limit the oxygen concentration. This
precludes combustion of any hydrogen that might be released subsequent to a LOCA.
After the containment is inerted and sealed for plant power operation, small flows of
nitrogen gas are added to the drywell and the wetwell as necessary to keep oxygen
concentrations below 4% and to maintain a positive pressure for preventing air in-
leakage. High-pressure nitrogen is also used for pneumatic controls inside the
containment to preclude adding air to the inert atmosphere.

The containment structure has the capability to maintain its functional integrity at the
pressures and temperatures that could follow a LOCA pipe break postulated to occur
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DCD Markup SECTION 1

simultaneously with loss of off-site power. The containment structure is designed to
accommodate the full range of loading conditions associated with normal and abnormal
operations including LOCA-related design loads in and above the suppression pool
(including negative differential pressure between the drywell, wetwell and the remainder
of the Reactor Building), and safe shutdown earthquake (SSE) loads.

The containment structure is protected from, or designed to withstand, fluid jet forces
associated with outflow from the postulated rupture of any pipe within the containment.

The containment design does not considers andnor utilizes leak-before-break (LBB)
applicability eftly-iwith regard to protection against dynamic effects associated with a
postulation of rupture in high-energy piping. Sub•"e'••n 3.6.3 and Appendix 3E des.r.ib.

...f..ts from p.s ..lati.n of bea. in high . er. piping. Protection against the dynamic
effects from the piping systems not qualified by the exclusion from the dynamic effects
caused by their failure is provided for the drywell structure. The drywell structure is
provided protection against the dynamic effects of plant-generated missiles (Section 3.5).

The containment structure has design features to accommodate flooding to sufficient
depth above the top of active fuel to permit safe removal of fuel assemblies from the
reactor core after a postulated design basis accident (DBA).

The containment structure is configured to channel flow from postulated pipe ruptures in
the drywell to the suppression pool through vents submerged in the suppression pool,
which are designed to accommodate the energy of the blowdown fluid.

The containment structure and penetration isolation system, with concurrent operation of
other accident mitigation systems, are designed to limit fission product leakage during
and following a postulated DBA to values well below leakage calculated for allowable
off-site doses.

In accordance with Appendix J to 10 CFR 50, the containment design includes provisions
for testing at a reduced pressure below the peak calculated DBA LOCA pressure to
confirm containment leakage is below the design limit. Special testing capabilities are
provided during outages to measure local leakage, such as individual air locks, hatches,
drywell head, piping, electrical and instrument penetrations. Other features are provided
to measure isolation valve leakage and to measure the integrated containment leak rate.
Results from the individual and integrated preoperational leak rate tests are recorded for
comparison with subsequent periodic leak rate test results.

The design value for a maximum steam bypass leakage between the drywell and the
wetwell through the diaphragm floor including any leakage through the wetwell-to-
drywell vacuum breakers is limited. Satisfying this limit is confirmed by initial
preoperational tests as well as by periodic tests conducted during refueling outages.
These tests are conducted at differential pressure conditions between the drywell and
wetwell that do not clear the drywell-to-wetwell horizontal vents.

A watertight barrier is provided between the open reactor and the drywell during
refueling. This enables the reactor well to be flooded prior to removal of the reactor
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DCD Markup SECTION 1

steam separator, dryer assembly and to facilitate underwater fuel handling operations.
Piping, cooling air ducts and return air vent openings in the reactor well platform must be
removed, vents closed and sealed watertight before filling the reactor well with water.
The refueling bellows assembly is provided to accommodate the movement of the vessel
caused by operating temperature variations and seismic activity.

Containment isolation is accomplished with inboard and outboard isolation valves on
each piping penetration that are signaled to close on predefined plant parameters.
Systems performing a post-LOCA function are capable of having their isolation valves
reopened as needed.

Drywell coolers are provided to remove heat released into the drywell atmosphere during
normal reactor operations
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Table 1.9-3

Summary of Differences from SRP Section 3

SRP Section Specific SRP Summary Description of Section/Subsection
Acceptance Criteria Difference Where Discussed

3.2.1 None

3.2.2 None

3.3.1 None

3.3.2 None

3.4.1 None

3.4.2 None

3.5.1 None

3.5.2 None

3.5.3 None

3.6.1 and 11 Postulated pipe Largc bor-e piping can utilize leak 3.6-and-3.6.4
3.6.2 FHPtd•, before break option as provided in.

GDC 4 October- 27, 1987-,
"Modifleatien of General Design
Gfie•en 4.'None

3.7.1 and II- Two earthquakes, The ESBWR will be based on a 3.7.1 and 3.7.3
3.7.3 the SSE and the OBE single earthquake (SSE) design.

shall be considered in
the design.

3.7.2 None

3.7.3 11.9-For multiply Independent Support Motion 3.7.3.9
supported equipment Response Spectrum methods
use envelope RS and; acceptable for use.

3.7.3 Combine responses Combine responses from inertia 3.7.3.9
from inertia effects effects with anchor displacements
with anchor by SRSS.
displacements by
absolute sum.

3.7.3 11.2 - Determination The ESBWR is based on a single 3.7.3.2
of number of OBE earthquake (SSE) design, two SSE
cycles events with 10 peak stress cycles

per event are used.

3.7.4 None
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Table 1.9-3

Summary of Differences from SRP Section 3

SRP Section Specific SRP Summary Description of Section/Subsection
Acceptance Criteria Difference Where Discussed

3.8.1 None

3.8.2 None

3.8.3 None

3.8.4 None

3.8.5 None

3.9.1 None

3.9.2 None

3.9.3 None

3.9.4 None

3.9.5 None

3.9.6 None

3.10 None

3.11 None
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Table 1.9-20

NRC Standard Review Plans and Branch Technical Positions Applicability to ESBWR

ESBWR
P Appl. Issued Appli-_. SRP Title or BTP Rev. Date cable? Comments

Ch2nte~r '~ De~irn, of Structiire'~ Comnnn~nt~ P~-niinmpnt 2nd ~vc~tc.m~
C~, ha.- 3 of StutrsC Eq V-•ip and q ztf-m-,

3.2.1 Seismic Classification 1 07/1981 Yes

3.2.2 System Quality Group Classification 1 07/1981 Yes

Appendix A (Formerly BTP RSB 3-1) 1 07/1981 Yes

Appendix B (Formerly BTP RSB 3-2) 1 07/1981 Yes

Appendix C 1 07/1981 No PWR Only

Appendix D 1 07/1981 - Never issued

3.3.1 Wind Loadings 2 07/1981 Yes

3.3.2 Tornado Loadings 2 07/1981 Yes

3.4.1 Flood Protection 2 07/1981 Yes

3.4.2 Analysis Procedures 2 07/1981 Yes

3.5.1.1 Internally Generated Missiles (Outside 2 07/1981 Yes
Containment)

3.5.1.2 Internally Generated Missiles (Inside 2 07/1981 Yes
Containment

3.5.1.3 Turbine Missiles 2 07/1981 Yes

3.5.1.4 Missiles Generated by Natural Phenomena 2 07/1981 Yes

BTP ASB 3-2 2 07/1981 - Superseded by
RG 1.117

3.5.1.5 Site Proximity Missiles (Except Aircraft) 1 07/1981 Yes

3.5.1.6 Aircraft Hazards 2 07/1981 Yes

3.5.2 Structures, Systems, and Components to 2 07/1981 Yes
be Protected from Externally Generated
Missiles

3.5.3 Barrier Design Procedures 1 07/1981 Yes

Appendix A 0 07/1981 Yes
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Table 1.9-20

NRC Standard Review Plans and Branch Technical Positions Applicability to ESBWR

ESBWR
SRP Appl. Issued Appli-
No. SRP Title or BTP Rev. Date cable? Comments

3.6.1 Plant Design for Protection Against 3 Draft Yes
Postulated Piping Failures in Fluid 04/1996
Systems Outside Containment

BTP SPLB-3-1 3 Draft Yes
04/1996

Appendix A to SPLB 3-1 3 Draft Yes
04/1996

Appendix B to SPLB 3-1 3 Draft Yes
04/1996

Appendix C to SPLB 3-1 3 Draft Yes
04/1996

3.6.2 Determination of Rupture Locations and 2 Draft Yes
Dynamic Effects Associated with the 04/1996
Postulated Rupture of Piping

BTP EMEB-3-1 2 Draft Yes
04/1996

3.6.3 Leak-Before-Break Evaluation Procedures 0 Draft Not credited.
03/1987 Optio

availabl for-

3.7.1 Seismic Design Parameters 2 08/1989 Yes

Appendix A 0 08/1989 Yes

3.7.2 Seismic System Analysis 2 08/1989 Yes

Appendix A 0 08/1989 Yes

3.7.3 Seismic Subsystem Analysis 2 08/1989 Yes

3.7.4 Seismic Instrumentation 1 07/1981 Yes

3.8.1 Concrete Containment 1 07/1981 Yes

Appendix 0 07/1981 Yes

3.8.2 Steel Containment 1 07/1981 Yes applies only to
I_ Drywell Head
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Table 1.9-20

NRC Standard Review Plans and Branch Technical Positions Applicability to ESBWR

ESBWR

SRP Appi. Issued Appli-
No. SRP Title or BTP Rev. Date cable? Comments

3.8.3 Concrete and Steel Internal Structures of 1 07/1981 Yes

Steel or Concrete Containments

3.8.4 Other Seismic Category I Structures 1 07/1981 Yes

Appendix A 0 07/1981 Yes

Appendix B 0 07/1981 Yes

Appendix C 0 07/1981 Yes

Appendix D 0 07/1981 Yes

3.8.5 Foundations 1 07/1981 Yes

3.9.1 Special Topics for Mechanical 3 Draft Yes
Components 04/1996

3.9.2 Dynamic Testing and Analysis of 3 Draft Yes
Systems, Components, and Equipment 04/1996

3.9.3 ASME Code Class 1, 2, and 3 2 Draft Yes
Components, Component Supports, and 04/1996
Core Support Structures

Appendix A 1 04/1984 Yes

3.9.4 Control Rod Drive Systems 2 04/1984 Yes

3.9.5 Reactor Pressure Vessel Internals 3 Draft Yes
04/1996

3.9.6 Inservice Testing of Pumps and Valves 3 Draft Yes
04/1996

3.9.7 Risk-Informed Inservice Testing 0 08/1998 - COL

3.9.8 Review of Risk-Informed Inservice 0 09/2003 - COL
Inspection of Piping

3.10 Seismic and Dynamic Qualification of 3 Draft Yes
Mechanical and Electrical Equipment 04/1996

3.11 Environmental Qualification of 3 Draft Yes
Mechanical and Electrical Equipment 04/1996
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Table 1.10-1

Summary of COL Items

Subject / Description of Item Section

Provide a Description of the Switchyard 3.2.4 and
Table 3.2-1

Site-Specific Design Basis Wind and Tornado 3.3.3.1

Ensure Remainder of Plant Structures, Systems and Components that are not 3.3.3.2
Designed for Tornado Loads are Analyzed for Site-Specific Loadings

Evaluate Exposure to Water Spray 3.4.1.3

Detailed Flooding Evaluation 3.4.3

Submit Turbine System Maintenance Program including Probability Calculations 3.5.1.1.1.2
of Turbine Missile Generation or Volumetrically Inspect All Low Pressure
Turbine Rotors Every Other Refueling Outage

Evaluation of Nonsafety-related Structures, Systems, and Components (not 3.5.1.4
housed in a tornado structure)

Confirm Low Probability of Site Proximity Missiles (Except Aircraft) 3.5.1.5

Missiles Generated by Natural Phenomena from Remainder of Plant Structures, 3.5.4.1
Systems, and Components

Site Proximity Missiles and Aircraft Hazards 3.5.4.2

Impact of Failure of Nonsafety-Related Structures, Systems and Components 3.5.4.3

Turbine System Maintenance Program 3.5.4.4

Protection of Main Steamline Isolation Valves and Feedwater Isolation and Check 3.6.1.3
Valves from Postulated Pipe Failures

Leak Befo•r Break Evalati, n Repor (deleted) 3 [

Details of Pipe Break Analysis Results and Protection Methods 3.6.5

Seismic Design Parameters 3.7.5.1

Seismic Analysis of EBAS Building 3.7.5.2

Structural Integrity Pressure Test of Containment Structure 3.8.1.7.1

Other Seismic Category I Structures 3.8.4

Foundation Waterproofing 3.8.6.1

Site-Specific Physical Properties and Foundation Settlement 3.8.6.2

Structural Integrity Pressure Result 3.8.6.3

Identification of Seismic Category I Structures 3.8.6.4
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Table 1.10-1

Summary of COL Items

Subject / Description of Item Section

Risk-Informed In-Service Testing 3.9.7

Risk-Informed In-Service Inspection of Piping 3.9.8

Reactor Internals Vibration Analysis, Measurement and Inspection Program 3.9.9.1

ASME Class 2 or 3 or Quality Group D Components with 60-Year Design Life 3.9.9.2

Pump and Valve Inservice Testing Program 3.9.9.3

Audit of Design Specification and Design Reports 3.9.9.4

Valves for Process Radiation Monitoring System, Containment Monitoring Table 3.9-8
System and HVAC Systems in Reactor, Control and Fuel Buildings

Equipment Qualification Records 3.10.4

Dynamic Qualification Report 3.10.4

Verify Gamma and Beta Doses Assumed in Analysis are Bounding 3.11.4

Environmental Qualification Document (EQD) 3.11.5

Environmental Qualification Records 3.11.5

Drywell Pressurization: Vent Filter Design 3B.3.1.1

Gravity-Driven Cooling System Drain Pipe Design 3B.7.2

Lower Drywell Spillover Pipes 3B.7.3

Leak B tforc B EakRvaluwat•i Repo- (deleted) 3A-I-

Radiation Environment Conditions Inside Containment Vessel for Accident Table 3H- 11
Conditions

Radiation Environment Inside Reactor Building for Accident Conditions Table 3H-12

Radiation Environment Conditions Inside Control Room Zone for Accident Table 3H-13

Alternate Evaluation of Postulated Ruptures in High Energy Pipes 3J. 1
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DCD Markup Section 3.2 and 3.6

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

This section deals with the structures, systems, components and equipment in the
ESBWR Standard Plant.

Subsections 3.6.1 and 3.6.2 describe the design bases and protective measures which
ensure that (1) the containment, (2) safety-related systems, components and equipment,
and (3) other safety-related structures are adequately protected from the consequences
associated with a postulated rupture of high-energy piping or crack of moderate-energy
piping both inside and outside the containment.

Before delineating the criteria and assumptions used to evaluate the consequences of
piping 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 occurring 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 through-wall 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 off-site power, are
defined as safety-related and are designed to Seismic Category I requirements.

The dynamic effects that may result from a postulated rupture of high-energy piping
include (1) missile generation, (2) pipe whipping, (3) pipe break reaction forces, (4) jet
impingement forces, (5) compartment, subcompartment, and cavity pressurizations, (6)
decompression waves within the ruptured pipes, and (7) seven types of loads identified
with a Loss-of-Coolant-Accident (LOCA).

Subsecstion 3.6.3 and Appendix 3E describe the implementation of the Leak Before Br-e,
(LBB) evaluation proeedures as permitted by the broad scope amendment to Gen-e-ral
Design Criterion 4 (GDC 4) published in Refcr-enee 3.6 1. A LBB r-eport shall be
prepared with the stress rpepor for the LBB qualifiable piping in accordanee Ath the.
guidelines presented in Appendix 3E. The LBB qualified piping is e-Ncluded fremn pipe
breaks, which arc required to be postulated by Subsections 3.6.1 and 3.6.2, for- design
againt their. potential dynamic effects. However-, sucah piping is included in postulatio-n
of pipe cracks for- their- eff~ects as descr-ibed in Subsection-s 3.6. 1- and_ 3.6.2.

3.6.3 Leak-Before-Break Evaluation Procedures

(deleted)
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DCD Markup Section 3.2 and 3.6

This subsection reviews the use of leak before break technology to exelude the dynamie
cffccts of postulated pipe ruptures &fro the design basis of plant structures, systems and
eompenefas (88C) as diseussed in SRP 3.6.3. General Design Criler-in 4 (GDC4) et

ApenixA to 10 u tti 50 allows the use of anayses reviewed and approevcJ by the
Commission to eliminate from-f t-he design basis the dynamic effiects of the pipe rupturfes
as discussed in SRP 3.6.2 Draft R2. The dynamic effects are defined in the intrcduetioni
to DCD Section 3.6, above. Three forms of piping failure (full foiaea icmferential
and longitudinal breaks, and through wall leakage er-ack) are pestulated in accordance
w.ith Subsection 3.6.2 and Brfanch Technical Positiont EMEB 3 1 of NUREG 0800
(Standard Review Plan) for- their- dynamic and envir-onmfental effiecs

in accordance with the modified GDC 4, (Refer-ence 3.6 1), the mechanfistic Leak Before

r-ecognized as an aeeeptabic proceedure tmder- aeftain conditions to excljude design against

is met usmed- toe exclude postulation of cracks and associated ýeffetes as r; equired int
Subec0t~ion 3....As mnentionled infl Section 3.6, a r-eport shall be pr-epared
demon-estrating L-BB qulfiction of the piping. The r-eport shall be prepared in
accordance with the gumidelines presented in Appendix 3B int eonjunct-ion wt-h- the stres-s

qualified piping, is excluded fro pip brIeaks, which are required to be pestulated by
Subsections 3.6.1 and 3.6.2, for- design againist their- potential dynamic effccts.

The following subsectionis descr-ibe (1) eeitaini design bases w.here the LBB approeach is
not reogntized by the NRC as applicable for- exeluision of pipe breaks, and (2) certainl
conditionts which lkmit the LBB applicability. Appendix 3E proevide gui~delinfes for- LBB
applieations descr-ibing in detail the following necessar-y elements of an;; -B-B rpepor to be

considerations for- IBB applicability. The LBB application approeaeh descr-ibed in thi-s
subseation and Appendix 3E is consistent wi~th that doumented in Dreaf srp 3.6.3
(Reference 3.6 2) and-N~ 1061 (Referiene 3.6 3).

3.6.3.1 Scope of LBB Applicability

(deleted)

The LBB approach is noet usfed to r-eplace existing regulations er- criter-ia pertaining to the
design bases of the Emer-gency Coem Cooling System (Section 6.3), eontaifnment systema
(Section 6.2), or enviroefnmental qualification (Sectiont 3.11). Howvr consstent wit
modified GDC 4, the design bases for- dynamic qualification of mechanical and electrical
equipment (Section 3.10) may excalude the dynamir load or- vibration effecsts resulting

from postulation of brFe-ak-s in- the LBB qualified piping. This is also refl..cted in a note to
Table 3.9 2 for- ASME components. The LBB quialified piping may not be exeluded
froem design bases for- environmental qualification unless the regulatien permits it at th
time of LBB quaification. For- clar-ification, it is noted that the LBB approeach is not used
to r-elax the design reuremets of the containment system that includes the Containmenit
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DCD Markup Section 3.2 and 3.6

Vessel (CV), vent system (:vertical flow channels and horizontal vent discharges), drywell
zones, upr. on poel (wetwell), vatuttumn breakers, CV penetratins, and drywell head..

3.6.3.2 Conditions for LBB Applicability

(deleted)

The LBB approeach is not applicable to piping systems where operating experience has
indicated. particutlar suisceptibility to failure from the effects of intergranular- stress
Arion cr.acking (IGSCC), waterhammer-, th..mal fatigue, or .... ersio. 1Ne, ssa..
preventive or mitigation measures ae used and necessary .alyses are performed, as
discussed. below, to avoeid. concers for- these effects. Other concerns, such as er.eep,
brittle cleavage type failure, potential indirvet sourcee of pipe failure, and deviation of as
built piping configuration, are also ad~dressed-..

LI Degradation by eroesion, er-esion'corrosion and. erosion/cavitation caused. by
unfavor-able flow eend~itions and. water- chemistr-y is examined.. The evaluiation is
based. on the industr eAeiec anfd guideines. Ad~ditionally, fabrication wall
thinning of elbows and other- fittings is consider-ed. in the purchase specification to
assure that the cod~e miiu *wall r-equir-ements are faet. These evalationefs
demonstrate that these mechanisms afe not potential sources of pipe nipture.

LIThe ESBWR plant design involves opmferaio below 3712C (7002F) in feritici steel
piping and below 4272C (8002F) in austenitir. steel piping. This assures that creep
and. creep fatigute are not potential sources of pipe rupture.

IT-he design also assures that the piping mnaterial is not susceptible to br-itte
cleavage type failure over the full range of system oper-ating tempertures (i.e.,
the mnaterial is on the upper- shelf).

material (e.g., nuclear gr-ade or- low carbon type) that is receognied as r-esistant to
IGSCC. The material of major- high energy piping in the prmrycnaifnment is
carbon steel or- feýtia steel, except for- the autntcstaRinleAss eco a
cleanup piping in the containment.

PA systems evaluation of potential waterhamm~er- is made to assurfe that pipe ruptur
caused by to this mechanism is unlik-ely. W-ate-rh-m-meri genric terma

g 4

incrluaing various OffantlelpateJ high regunyhqr~yamceet uha
steam hafmmer- and. water sluggn.*t, To - mntrt htwaehme is not -a
signific~ant contributor- to pie upture, reliance on historical frequency ot
water-hammer- events in specific piping systems coupled. wit a eiwo
oper.ating pro.edures and cond;itions is used &or this evaluation. The ' SBW
design incaludes features such as vacuumm breakers and jockey pumps, coupled
with improved. operational procsedur-es to r-educe or- eliminate the potential for
waterhamnmer- identified. by past exeiec. Certain anficipated. waterhammfer-
events, such as a closurfe of a val-ve., are aeeouped &fr in the Code d~esign and.
analysis of the piping.
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ST-he systems evalutioin also addresses a petentfial for- fa~itige er-acking or- failur
from thermnal and mneehanical induced fatigue. Based en past eper-inee, the

fluids or mecshanical vibr-ation. The startup and pr-eoperationial moenitoring assures
eavoidance of detrimiental mnechanical vibration.

9 Based on exprinc and studies by Lavffenee Livermorfe Laboratofy, potential
sou~rcesP of indirect pipe rupturfe are extremnely unlikely. inscvc insetion and
testing of snubbers (if used) are performed to proevide for- a loAW., snubb4er- failure

P initial L13B evalutio~in is based ont the design configuratien and stress levels diat ae
acceptably higher: than those identified by the intitial anfalysis. This evaluation is
r-econeiled when the as built configuration is documnented and the Code stress
evaluation is reenciled. it is assured that the as built configuration does not
deviate significantly from the design configur-ation to invalidate the inkita LBB-.
evaluation, or- a new evaluation coupled with necessar-y configufation

modiicatonsis made to assure applicability of the LBB proceedure.

3.6.6 References

3.6-1 USNRC, "Modifieation of General Design Criterion 4, Requirements for
Protection Against Dynamic Effects of Postulated Pipe Rupture," Federal
Register, Volume 52, No. 207, Rules and Regulations, Pages 41288 through
41295, October 27, 1987.

3.6-2 USNRC, "Standard Review Plan; Public Comments Solicited," Federal Register,
Volume 52, No. 167, Notices, Pages 32626 to 32633, August 28, 1987.

3.6-3 USNRC, "Evaluation of Potential for Pipe Breaks, Report of the US NRC Piping
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3.6-4 ANSI/ANS-58.2-1988 "Design Basis for Protection of Light Water Nuclear
Power Plants Against the Effects of Postulated Pipe Rupture."

3.6-5 USNRC, "Standard Review Plan for the Review of Safety Analysis reports for
Nuclear Power Plants," NUREG-0800, Section 3.6. 1. "Plant Design for Protection
Against Postulated Piping Failures in Fluid Systems Outside Containment", Draft
Revision 3, April 1996.

3.6-6 USNRC, "Standard Review Plan for the Review of Safety Analysis reports for
Nuclear Power Plants", NUREG-0800, Section 3.6.2 "Determination of Rupture
Locations and Dynamic Effects Associated with the Postulated Rupture of
Piping," Draft Revision 2, April 1996.

3.6-7 USNRC, "Standar-d Review Plan for- the Review of Safety ~Analysis rvepors for
Nuclear- Power- Plants," NUREG 0800, Section 3.6.3 "Leak Befor-e Break
Evaluation Proceedures," Draft, Marceh1 9&7-.deleted.
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Table 3.2-1

Classification Summary

Safety Quality QA Seismic

Principal Components' Class.2 Location 3 Group 4 Req.5 Category6 Notes

4. Nitrogen accumulators (for ADS and
manual actuation of SRVs)

S. Piping and valves (including supports)
for main steamlines (MSL) and
feedwater (FW) lines up to and including
the outermost containment isolation
valves

6. Piping (including supports) for MSL
from outermost isolation valve to and
including seismic interface restraint and
FW from outermost isolation valve to
and including the shutoff valve

7. Deleted.

8. Piping and valves (including supports)
from FW shutoff valve to the seismic
interface restraint

Pipe whip restraints MSL/FW if
needed

3 CV C B I

I CV, RB A B I

2 RB

2 RB

3 CV, RB

B B I Seismic interface restraints are located inside the
seismic category I building.

B B I

- B I or II Pipe Whip Restraints -Pipe Whip Restraints
are required on the Main Steam Line (MSL) and
Feedwater (FW) piping except whe.. a "Leak
Befem Break" evaluatizn has been approeved by

10. Main steam drain piping and valves
(including supports) within outermost
containment isolation valves

CV, RB A B I (7)
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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

ASME
Service

Plant Event Service Loading Combination (1), (2), (3) Level (4)

1. Normal Operation (NO) N A

2. Plant/System Operating Transients (a) N + TSV B
(SOT) (b) N + SRV(5 ) B

3. NO + SSE N + SSE B(1 1), (12)

4. Infrequent Operating Transient (a) N(6) + SRV(5) C(13)

(IOT), ATWS, DPV (b) N + DPV(7) C(3)

5. SBL N + SRV(s) + SBL" C(13)

6. SBL or IBL + SSE N + SBL (or IBL)( + SSE + SRV(8 ) D(13)

7. LBL + SSE N + LBLO + SSE D(13)

8. NLF N + SRV(5 ) + TSV(l°) D(3)

Notes:

(1) See Legend on the following pages for definition of terms. Refer to Table 3.9-1 for plant
events and cycles information.
The service loading combination also applies to Seismic Category I Instrumentation and
electrical equipment (refer to Section 3.10).

(2) For vessels, loads induced by the attached piping are included as identified in their design
specification.
For piping systems, water (steam) hammer loads are included as identified in their design
specification.

(3) The method of combination of the loads is in accordance with NUREG-0484, Revision 1.

(4) The service levels are as defined in appropriate subsection of ASME Section III, Division 1.
(5) The most limiting load combination case among SRV(1), SRV(2) and SRV (ALL). For main

steam and branch piping evaluation, additional loads associated with relief line clearing and
blowdown into the suppression pool are included.

(6) The reactor coolant pressure boundary is evaluated using in the load combination the
maximum pressure expected to occur during ATWS.

(7) This applies only to the Main Steam and Isolation Condenser systems. The loads from this
event are combined with loads associated with the pressure and temperature concurrent with
the event.

(8) The most limiting load combination case among SRV(1), SRV(2) and SRV (ADS). See Note
(5) for main steam and branch piping.
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(9) qTýhe piping systefms that mec qualified to the leak be for brcak efiteria of Subscctien 3.6.3 Ar

.ffc.t., viz., SBL, . .L and U..• deleted)
(10) This applies only to the main steamlines and components mounted on it. The low probability

that the TSV closure and SRV loads can exist at the same time results in this combination
being considered under service level D.

(11) Applies only to fatigue evaluation of ASME Code Class 1 components and core support
structures. See Dynamic Loading Event No. 13, Table 3.9-1, and Note 5 of Table 3.9-1 for
number of cycles.

(12) For ASME Code Class 2 and 3 piping the following changes and additions to ASME Code
Section III Subsection NC-3600 and ND-3600 are necessary and shall be evaluated to meet
the following stress limits:

SSAM = i •__ < 3.0 Sb (< 2 .OSy) Eq. (12a)

z

Where: SSAM is the nominal value of seismic anchor motion stress

M, is the combined moment range equal to the greater of (1) the
resultant range of thermal and thermal anchor movements plus
one-half the range of the SSE anchor motion, or (2) the resultant
range of moment due to the full range of the SSE anchor motions
alone.

i and Z are defined in ASME Code Subsections NC/ND-3600

SSE inertia and seismic anchor motion loads shall not be included in the calculation of
ASME Code Subsections NC/ND-3600 Equation (9), Service Levels A and B and Equations
(10) and (11).

(13) ASME Code Class 1, 2 and 3 Piping systems, which are essential for safe shutdown under the
postulated events are designed to meet the requirements of NUREG-1367. Piping system
dynamic moments can be calculated using an elastic response spectrum or time history
analysis.

Load Definition Legend for Table 3.9-2

Normal (N) Normal and/or abnormal loads associated with the system operating conditions,
including thermal loads, depending on acceptance criteria.

SOT System Operational Transient (Subsection 3.9.3.1).

IOT Infrequent Operational Transient (Subsection 3.9.3.1).

ATWS Anticipated Transient Without Scram.

TSV Turbine stop valve closure induced loads in the main steam piping and components
integral to or mounted thereon.

RBV Loads Dynamic loads in structures, systems and components because of reactor building
vibration (RBV) induced by a dynamic event.

NLF Non-LOCA Fault.

SSE RBV loads induced by safe shutdown earthquake.
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Load Definition Legend for Table 3.9-2

SRV(1), RBV loads induced by safety/relief valve (SRV) discharge of one or two adjacent
SRV(2) valves, respectively.

SRV (ALL) RBV loads induced by actuation of all safety/relief valves, which activate within
milliseconds of each other (e.g., turbine trip operational transient).

SRV (ADS) RBV loads induced by the actuation of safety/relief valves in Automatic
Depressurization Subsystem operation, which actuate within milliseconds of each other
during the postulated small or intermediate break LOCA, or SSE.

DPV Depressurization Valve opening induced loads in the stub tubes and Main Steam systerm
piping and pipe-mounted equipment.

LOCA The loss-of-coolant accident associated with the postulated pipe failure of a high-
energy reactor coolant line. The load effects are defined by LOCAl through LOCA7.
LOCA events are grouped in three categories, SBL, IBL or LBL, as defined here.

LOCAl Pool swell (PS) drag/fallback loads on essential piping and components located
between the main vent discharge outlet and the suppression pool water upper surface.

LOCA2 Pool swell (PS) impact loads acting on essential piping and components located above
the suppression pool water upper surface.

LOCA3 (a) Oscillating pressure induced loads on submerged essential piping and components
during main vent clearing (VLC), condensation oscillations (COND), or chugging
(CHUG), or

(b) Jet impingement (JI) load on essential piping and components as a result of a
postulated IBL or LBL event. Piping and components are defined essential, if they are
required for shutdown of the reactor or to mitigate consequences of the postulated pipe
failure without off-site power (refer to introduction to Subsection 3.6).

LOCA4 RBV load from main vent clearing (VLC).

LOCA5 RBV loads from condensation oscillations (COND).

LOCA6 RBV loads from chugging (CHUG).

LOCA7 Annulus pressurization (AP) loads due to a postulated line break in the annulus region
between the RPV and shieldwall. Vessel depressurization loads on reactor internals
(Subsection 3.9.2.4) and other loads due to reactor blowdown reaction and jet
impingement and pipe whip restraint reaction from the broken pipe are included with
the AP loads.

SBL Loads induced by small break LOCA (Subsection 3.9.3.1); the loads are: LOCA3(a),
LOCA4 and LOCA6. See-Noe (9)

IBL Loads induced by intermediate break LOCA (Subsection 3.9.3.1); the loads are:
LOCA3(a) or LOCA3(b), LOCA4, LOCA5 and LOCA6. ScNce 9 c•• a bl-r 3.9 -4n

LBL Loads induced by large break LOCA (Subsection 3.9.3.1); the loads are: LOCAl
through LOCA7. See Ie-(9.
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3E. GUIDELINES FOR LEAK BEFORE BREAK APPLICATION
3E.1 INTRODUCTION

(deleted)

As diese in Susein363 thi apeni pr-eides detailed guidelines fr

appendir. are the fratue meehnc proeries of ESBAWR piping nmterials and analysis
methods, including-the leak rate calcutlation methods.

Piping qualified by LBB is excluded froem the nen mnechanistic pestulation requir-ements

quaification maeans that the throughwall flay; lengths that are detectable by leakage
monitor-ing systems (Subsection 5.2.5) are signifieantly smaller- than the flaw; lengths ta
...ould lead to pipe rupture or- instability.

The fraet.re mechanics properties aspects required for evaluation in accrdance with
Subsection 3.6.3 a.e in Section 3B.2. Thecte ....... mech.anics t.ehniques and
methods fo-r the determnination of cr.iti.al flaw lengths mand of flaw. sabi,•it are
descr-ibed in Section 3E.3. The determination of flaw lengths for- deteetable leakages
41A.4hmagi is ex.plained in Section 3E.4. A brief dicssoen the leak detection
capabilities is presented in Section 3E.5.

Materia selection and the deterministie LBB evaluation proeedure are discuissed in this

3E.1.1 Material Selection Guidelines

(deleted)

The LBB appro.ach is appliable to piping systems for- which the materials meet the

corro.sion rac•.king); and

Da&dequate mar-gin before susceptibility to cleavage type fracture over- the fuill range
of systems operating temperatures w~here pipe ruptur eeuld have significant
consequencaes-.

The ESBWR plant design specifies use of austenitie stainlcss steel piping made ot
fmaer-ial (e.g., nuclear grade or loAW cafrbo-n type) that is recgne as resistant to hintefr-
Grmanlar- Stress Coffosion Cr-acking (IGSCC). The cafr-bon tee orf ferritic steels specified
for- the raeator pressure boundary are descr-ibed in Subsection 3B.2.2. These steelsare.

asue to have adequate toughness to preclude a fracture at operating temperatues. A
COL applicant is expected to supply a detailed justification in the LBB evaluation r-epoFt.
eeonisiderfi-ne slitmef-temrerature. fluid velocity, and eanviroAnmentl onitn.

•t d
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3E.1.2 Deterministic Evaluation Procedure

(deleted)

mnethod te justify appliability efthe LBB eoncept.

iýUse the fractfre mnechanies and the leak rate computatienal mctheds that are
accepted by the NRC staff-, or- are demenstrated accur-ate wAith respect to other
acceptable computational procedures or with exper-imental da.

Elldentify the types of materials and mater-ials specifications used for base metal-,
weldments and safe ends, and provide the mater-ials properties including
toughness and tensile data, long term effects such as therm..al aging, and other

Li Specify the type and magnitude of the leads applied (forces, bending and trfsiena
momnents), their source(s) and mnethod of combinaioin. For- each pipe size in the
fuentional system, identify the location(s), which have the least favorable
combination of stress and mnater-ial propeffies for- base maetal, weidments and safe

Fe... -- lod
APoestulate a throughwall faw at the loeation(s) specified above. The size ofthef
should be large enoeugh so that the leakage is assured detection NNith sufficient

magi using the installed leak detection capability when pipes are subjed to
normal operating loads. if auxiliar-y leak detection systems are relied on, they
should be described. For the estim.ation of leakage, the normal operating loads
(i.e., dead eight, thermal expansion, and pressure) are to be combined based on
the algebr.aic sum of individual values-.

Using fracture mechanics stabily analysis r• limit load analysis deser-ibed bel
and normal plus Safe Shutdo'.vn Earthquake (SSE) loads, detefrmine the critical
cr-ack size forf the pslatedthoughwall cacok. Determine crack size mar-gin by
compar-ing the selected leakage detection size crack to the cr-itical cr-ack size.
Demoenstrate that ther-e is a margin of 2 between the leakage detection and critical
cr~ack sie.The same load combination maethod selected below is uised to
determnine the critical cr-ack size.

El Determine magi in terms of applied loads by a cr-ack stability analysis.-
Demonstat~e tht he lteakage detectio siecak does no9t eeiec unastable

that cr-ack growth is stable and the final crack is limnited such that a double ended
pipe br-eak should not occur-. The deadweigh, thermnal expanion,' prsure, SSE
(iner~tial), and Seismic Anchor- Motion (SAN4) loads are combineed b-aseed on the
s-ame mfiethod used for the primary stesevaluation by the ASM4E Code. T:he SSE
(inertial) and SAM loads are combined by Square Root of the Sum of the Squares
(SRSS) fnethe4

Li The piping mnaterial toughness (J Resistance curv.es) and tensile (stress str-ain
eun ,ýe) properties are determined at temperatues near- the uipper range of normal
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P The specimen used to generate J Resistancee (J R) curves is assured large enough to
provide erack ext~ensions up to an amoeunt consistent with J,' eondition
determined by analysis for- the application. Because pr-actical speceimen size
lifnitaions exist, the ability to obtain the desired amount of exper-imental crac
extension may be rcstrieted. in this case, extraplation techniques are used as
described in NUREG 1061, Volumfe 3, er- in NUREG/CR 4575. Other techniques
can be used if adequtmely justified.

P The stress strain cur-ves are obtained over- the range from the pr-eoperational limit to
Fmaximum load-.

L Pr-eferably, the materials tests should be eendueted using arcehival materials forte
pipe being evaluated. if archival material is net available, plant specific or-
industry wide generic material databases are assembled and used te define the
r-equir~ed material tensile and toughness proepeities. Test material includes base
and weld metals.

P To proevide an acceptable level of r-eliability, gener-ic databases are reasonable loer
bounds afo coempatible sets of Fmaerial tensile and touighness proeperties assocaiated
with materials at the plant. To assure that the planft specsific generic database is
adequate, a determinationf is -m-ade to demenstrate that the generic database
represents the r-ange of plant materials to be evlae.This determination is
based on a coprsnof the plant material proeperties identified above -. wth thoes
of the mater.-i-alssdt develop the gener-ic database. The number- of material
heats and weld pr-ecedures tested are adequate to cover- the strength and toughness
range of the actual plant materials. Reasonable lwrbudtensile and
touighness properties from the plant specific generic database are to be used for
the stability analysis of individual materials, unless otherfvise Justified.

Industry generic data bae reriewed to proevide a reasonable lower- bound for-
the population of material tensile and teughness properties associated with anty
individual specification (e.g., A106, Grade B), mnaterial tye (e.g., austentitic. steel)
or- welding procedures.

The number- of mnateriA heams and weld procsedures tested shouild be adequate to
coever- the range of the strFength and tensile proeperties expected for- specific-
materia specifications or- types. Reasonable lower- bound tensile and touighness
properties from the industr-y generic database are uised for- the stability analysis oe
individual materials.

if the data are being developed from an arciva hat of material, three stress
strain eur. ., and three J Resistance curves fromn the one heat of material is
sufficient. The tests should be condueted at temperatures near- that upper range E&
norfmal plant operation. Tests should also be conad-ucted at a lower- temperature,

pr-esent safetycncerns similar to normal operation. These tests are intended only
to determine if there is any signficant dependence of touighness on temperature
over- the temperature range of intter-est. The lower- toughness should be used in the
fracture meehanics evaluiation. One J R curve and one stress strain curve for- one
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base mneta and weld mneta are eensider-ed adequate to determine tempereAurc
depeiidefee;

9 Ther-e are certain limitations that currently pr-eclude geri us )f limit load
analyses to evaluiate leak before break conditions deterministically. Howee r-,
modified limnit load analysis can be uised for auistenitic stainless steel piping to
demonstfrte acceptable mar-gins as described in Subseetion 3E.3.3.
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3E.2 Material Fracture Toughness Characterization

(deleted)

This Suibsection descr-ibes the fracture toughness proeperties and flow stress evaluation fer
the ferritie and austenitie stainless steel mater-ials used in ESBWR plant ppna

requird for- evaluation accor-ding to Subsection 3E. 1.2,

3E.2.1 Fracture Toughness Characterization

(deleted)

When the Elastie Plastie Fractur-e Mechanics (EPFM) methodology or the j T
methodology is used to evaluate the leak before break conditions with postulate

J integral Resistance cur-ve (or j R curve) (References 3E 1, 3E 2 and 3E 3). The j R
... 1.. schema.all.. shown in FigAue 3E 1, represents the mater-ials r.esistance to .r.ack
eKtension. The onset of crack extension is assumed to occur at a cr-itical valuie of j.
Wher-e the plane str-ain eenditions are satisfied, initiation j is denoted by I 1-P1ane stfain

crackcnditions, ac-hiewed- in_ test specsimen by side -'ovn, eer-ally pr-ovide a lower
bound behavior- for- nmaerial resistance to stable crack growth.

Oneethe emek begins to extend, the increase of J with cr-ack growth is measured in terms
of slope o-r- the nodmninltear-ing modulus, T, expr-essed as.:

E dJ

(af)2 da

The flew stress, eq, is a function of the yield and ultimate strength, and E is the elastic
m.dulus. Genera-•lly, ÷ 4 is aSS.med a.s the .aver.age of the yield and ultimate strength. -The
slope of the mater-ial j R cunve is a function of crack extensioen Aa. Generally, the slope
decr-eases with cr-ack extension thereby giigacnvex upward appearane to the
material J R curve in Figurfe 3E 1.

To evaluate the stability of cr.ack growth, it is convenient to epr.esen the material j R
cur-ve in the j T space as shown in Figure 3E 1. The r-esutifng crtfve is labeled as j T
mater-ial. Crack instability is pr-edicted at the intersection point of the W/T matereial and
V/T applied curves.

The cr-ack growtýh var-iably involves some elastic unloading and distinctly nonproeporioinal

plasticity (Refer-ences 3E 4 and 3E 5), which inadequately models both of these aspects
of plastic behavior. in order- to use j integral to char-acterize crack growth (i.e., to assure
J co-trolled crack gr1. . h, the followng sufficiency condifi•n, in tems of a
nondimensional parameter- proped dby Hutehinson and Par-is ( efference -3E 6), is used:

b . I
j d

'.- -. 1
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where b is the remaining ligament. Refer-ence 3E 7 suggests that Ea > 10 would satis6,
the i1 eomnolled growth requireme.nts. H-..... H .or, if the• rurents of this eriteria a.. e
strietly followed, the amount of crack growt, h -allowved would be very small in moest test.

spcmn geometr~ies. Use of such a material J R ure e inJ/T- evaltation would r-esult in
groessly tmde~rcpdieting the instability loads for- large diameter- pipes where contsiderable
stablc cr-ack growt4h is expected to occur before reaching the instability point. To
overc..me this difficulty, Est (Refer.ence 3E 8) pro.posed a odified , integral. . r

...hih was shown to be effective even when limits on ce were grossly violated. The Ernst
eerreetien essentially factor-s in the effect of cr-ack extension in the calculated value of j.
This orer-ection can be determined experimentally by esrn the usual par-ameter-s:
load, displacement, and crack length.

The definition of j.,-ie

-Ir0 1C da
mod - O Iaa kp,

whefe.

i - is based on deformationt theory of plasticity;

G6- is the linear elastic Griffith energy release rfate of el-astic J,4eJý

- is the nonlinear part of the load point displacement (or- simply the total minu
the elastic displacement); and

~,a - are thc initial and current cr-ack length, r-espectively-.

For- the particular ease of the coempacat tensionseci geometfy, the pr-eeding gquation
and the corresponding reate take the form-:

i m od - J o " b

wh~ereJ. is the nonlinear- part of the d-fbefomation theory j, b is the r-emaining ligament

b

Conecquently, the moedified mnater-ial tearing moedulus Tfwcan -be efnd s

Tmoa = TmAt+ (

Becaruse in most of the test J R cu•res the (t)> 10 limit was violated, All of the ma ter-ial J
T- datas- were r-ecalculated in theJ - fra.Tefi~

The J T cur.e we..re then exitrapolated to lar-ger: J values using the mnethod r~ecommendied
in býREG 1061, Vol. 3 (Reference R; 9). The I~T prahisue nti

(3"4

(3E-5)

(wil)
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appendix for- illustr-ative pposes. it should be adopted if justified based en its
aceptabiliy by the te.h.ical . iterat.e. A D appro-ach is another .more justifiable
appFea Ifi

For- terminology see Refer-ences 3H 1 through 3E 3 and 3E 9.

3E.2.2 Carbon Steels and Associated Welds

(deleted)

Th cearbehn steels used in th"e. ESB.R reacto• r o ,lant pr-essure boendarby pin
SA 106 Gr-. B or- SA 333 Gr. 6. The first specifieation co *.r-s seamles pipe and the
.seeond one pertains to both seamless and seam welded pipe, although only seamless pipe
3ill be used for- ESB.R reactor coolant pressue boundary piping. The Terespondinrg
material specifications used for carbon steel flanges, fitting.. anfd for-gings are equivalent.
te the piping spedifieations.

WALhile th-e rehem-ieal Gempcsitin reureets for a pipe per- SA 106 Gr. B and SA 333
Gr-. 6 are identiceal, the l-awe-r is sujete to two additional requirremfents: (1) --
normalizing heat treatment whihOefne the grain structure and (2) a Charpy test at
45.61C; ( 502F) Aith a specified minimumn absor-bed eniergy of 85.5 Nmn (13 ft 1b). The
electrodes and filler: meta requirements for- welding carbon steel to car-bon or low alloy
steel are as specified in Table 3E 1.

A eompr-ehensive test proegram was unddert4Aken at GE to cahar-acter-ize the cafbon steel
base and weld material toughness pr-operties. The next secation descr-ibes the scope and
the results of this progr-am.

3E.2.2.1 Fracture Toughness Test Program
(deleted)

The test program consisted of generating true stress true str-ain curves, j Resistance
ear-ves and the Char-py V notch tests. Two m-ateri4alls werie sel1-ecteed: (1) SA333 &r. 6,
16 in. diamaeter Scshedule 80 pipe and (2) SAS 16, Gr-. 70, 1 1A1 in. thickness plate.
Table 3E 2 shows the chemicsal compositionl afnd- mffechanical proeperty test information
provided by the mnater-ial suipplier. The mnater-ials were purchased to the same
sperifieations as those to be used in the ESBWIR applications.

Toe proeduce a circeumfer-ential butt weld, the pipe was out in t.wo pieces alonga
cir ..mferential plane and we.lded back using the shielded metal arc process. The weld
prep was a single V design with a backing rinig. The preheat temperature was 93.32C

The plate maerial was cut along the longitudinal axis and welded back using the

as vertical and the other- side at 415 degrees. A backing plate was used during the weldingI
w;ith a clearance of 0.61 em (1/4 inch) at the bottom of the V. The itpAs tpempature
w.as mnaintained at less than 2602C (5002F).
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Both the plate and the pipe welds were x r-aycd according to Cede (Refier-ence 3E 10)
reqirments and were foaund to be satisfaetory.

it is well knownf teat earbon steel base materials show eonsiderable anisotropy in fratur
toughness proeperties. The toughness depends oft the orientaion and dir-ection ot
propagation of the cr-ack in r-elation to the principal direction of mnechnical work-ing or-
gain flew. Thus, the selection of proper- orientaion of Char-py and J R cun-V tes

.p ien is important. Figurfe 3E 2 show.s the erientation code for- rolled plate and pipe
speime as gie in ASTM Standard E399 (Reference 3E 11). Becatise a throughwall
ciruferfk-ential cr-ack configuration is of moest interest fromn the Douible Ended Guillotine
Break (DEGB) poinft of view, the L T- specimen in a plate and the L C specimn inape
provide the appr-opriate toughness proeperties for- that case. On the other hand, T -L andC
L specsien .r aproepriate for- the axial flaw case.

Char-py test data ar .. iv a first becautse the), proevide a qualitative measurfe of the
fr-actur-e itoughness.

Charp.y est

The absorbed enier-gy or- its comp~lement, the lateral expanio mesured dur-ing a Charpy,
V noetch test provides a qlualitaive measur of the m-atterial toughness. For: example, int
the ease of austenitie stainless steel flux weidments, the observed lower- Charpy energy
r-elative to the base mneta was consistent with the similar trfenfd ob-serled- ini the
J Resistance eurves. The Charpy tests in this program were used as pr-eliminary
indicators of relative toughness of welds, heat afected zoems (HA:Zs) and the base metal.

The carbon steel baematerFials exh4ibit considerable anlisotropy in the Charpy enlergy as
illustrated by Figure 3E 3 frem Refer.ence 3E 12. This anist I.. is asociated with
developmnent of grain flow due to mechanical working. The Char-py orientationt C inl
Figure 3E 3 (orientations LC and LT- in Figure 3E 2) is the approepriat eone for- evealuating
the fracture r-esistance to the extension of a throuighwall circumferential flaw. The upper
shelf (;harpy energy associated wit-h axial flaw extension (or-ientAtion A in Figure 3 3
is consiider-ably lower- than that for- the circeumfer-ential crack extension.

A simfiilar- trend in the base metal Charpy enrge was also noted in this test program.
Figure 3E I . ad Figure 3E 5 sho'.v the pipe and plate material Char.py ener.gies f+-r the
two orientationis as a function of temperature. The tests were conduceted at six
temperaturfes ranging from rooem temperature to 2882C (5502F). Frmthe trend of the
Charpy eegsas a funcstion of temperature in Figur 3 I andl Figure 3E 5 it is cle-ar

thteen at rooem temper-ature the upper- shelf conditions have been r-eached for- both the
mnater-iats.

No suceh anlisotrop isepced in the weld maetal because it does not undergo any7
mechnicl wrkig ateritsdeposition. This conclusion is also supported by the

available data in the technicval literature. The weld metal Char-py scmnsin this test
proegrm w.ere oriented the same way as the LC or- LT-orie~ntations in Figure 3E 2. The
Heat Affected Zone (H4AZ) Char-py specimn ere as oriented similarly.
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Figure 3E 6 shows , com.pao f the Char.py ener-gies from the SA333 Gr. 6 base
metal, the weld me al ad the -IAZ. if nemst eases two specimn ere used.

the ave• n .s for- the weld metal and the 14AZ seem to fall at .r above the average
base .meta values. This ini.at..4 that, unlik. the staiess steel flux weidments, the

fratu. I t. of carbon steel weld and HA, as meased by the Chapy tests, is at
least equa to the carbon steel base metal.

The pr-eceding resuilts and the resuilts of the stress stra
or- other similar- data are used as a basis to choose b
properties for- use in the J T methodology evalutmion.

Stress Strain Tests

.in tests discussed in the nemt seetion
Pehvr.'in tha hacia and tha. la'a1d mata1

The stress strain tests were perfomed at three temperatures: roomn temperatuFe, 1772C
(3502F), and 288. C (550.F). Base and weld meta frm both the pipe and the plate wer-te
tested. The weld spe1men were in the as welded conditin. The standar-d test data
obtained from these tests are sufmmarized in Table 3E 3.

Ani examination of Table 3E 3 showlxs th-at th-e mei-aasuired yield strength of the weld meta,
as expeeted, is considerably higher- than that of the base metal. For example, the 2882C
(5502F) yield stfength of the weld meta in Table 3E 3 ranges from 358.6 MR-a (52 ksi) to
406.8 MWa (59 ksi), whereas the base meta yield strength is only 231.5 MWa (31 ksi).
The impact of this observation in the selection of appropriate material (J/T) eufve is
diseussed in later sections.

Figure 3E 7 through Figure 3E 10 show the plots of the 2882G (5502F) and 177-2c
(3 502F) stress strain cur3;ves for- both the pipe and the plate used in the test. As expected,
the weld m-etal strvess strain ecurve in evefy case is higher than the corresponding base
maetal cur.'e. Thle Ramberg Osgood gaormat char-acterization of these stress strain curves
is given in Subsection 3E.3.2 where approprite values of a and m arce also proied.

J R Curvc Tests

The test temper-atures selected for- the J R curve tests were: rooem temperatue, 1 772G
(3502F), and 2882G. (5502F). Both the 'weld and the base meta were included. Due to
the curvature, only the 1 T plan compact tension (CT-) specimens were obtained from the
0.11 mn (16 in). diameter- test pipe. Both IT- and 2T- plan test specimeswr prcpare-d
from the test plate. All of the CT- specim-ens we-re- side grooved to proeduce plane strain
eenditiens.

Table 3E 4 shows some details of the J R curfve tests performed in this test program. The
J R curve in the LC or-ienteato of the pipe base metal and in the LT orientation of the
plate base metal repr-esent the material's resistance to cr-ack extension in th-e
circumfer-ential dir-ection. Thus, the test results of these orientations were used in the
LBB evaluaions. The orientaion effecsts are not present in the weld metal. As an
exiample of the J R curv~e obtaind in the test proegram, Figure 3E 11 shows the plot of J
R curve obtaned from specimen OWLC A-.

Page 9of 32 1



DCD Markup for APPENDIX 3E

3E.2.2.2 Material (J/T) Curve Selection

(deleted)

The norfmal oper-ating temperatur-es for- most of the earbon steel piping in the raeator
coolant pr-essur-e boundary in the ESBWR generally fall into two eateger-es: 2742C=
(5282F) to 2882C (5502F) and 216WC (4202F). The latter- temperature corresponds to the
operating temperature of the feedwater- pipn ytm The seleetionis of the appropr-iate
mater-ial (J/T) curves for- these two categories are dieuse next.

Material JAY C-urvc for- 2881C (5501F)

A re~view of the test fhlim in Table 3E 4 shows that five tests were conducted at 288WC
(5501F). Two tests were onthe w.ld metal, tWo1 were on the base metal, and one was On
the heat affeeted zone. Figure 3E 12 shows the plot of mtra ~-~v1e
ealeulated fromn the J Aa values obtainced fromn the 2882C (55 02F) tests. The valuie of

ees , epl, used in the tearing mo.dulu.s .alulation (Eqatio•n 3E 1) was 358.5 MPa
(52.0 k~si) based on deaa shown% int Table 3E 3. To convcrt the deformnation J and dJ/da
values obtained fromn the J R csurve inoJ Euais3 1ad3 6erued
Only the data from the pipe weld (Specimfen- IDP OWLAC A) and the plate base metal
(Specimen ID BNLI 12) are shown in Figur-e 3E 12. A few ufreliable data points were
obtained in the pipe base meta (Seie t D OBLC 3) J R cur-ve test beeause ofa
malfuntion in the intuetto.Tlhervefore, the data from this test were noet incsluded
in the e-valuation. The j R curves froma the other- two 2882C (5502F) tests were e~valuate

the SA.106 car.bn steel J T data obtainTed frmem thLDe -. R urerepoted by Gudas
(Refer-ence 3E 13). The curve also ineludes extraplation to higher- j values based on the
method reco.mmended in NUR .G 1061, Vol. 3 (Refer.ence .E 9).

eemparisea shows that these data fall slightly below those for the plate base metal shown.;
in Figure 3E 12. On the other- hand, as noeted in Subsection 3E.2.2. 1, the yield strn'ho
the w.eld mfet-al and the HAZ is consider-ably higher: than that of the base mfietawl.Th
material stres stram and jT- runves are the two key iniputs in determ~ining the instblt
load and flaw Nvalues by the (JAT) mnethodology. Calcuilations perfored for
repr-esentati-ve throughwall flaw sifes showed that the higher- yield strength of the weld-
metal mor....e thanA ompesmates for the slightly leower j R crve and, consequently, the
instability load and flaw pr~edictionis based on base metal pr-operties are smaller- (i.e.,
eensefrvatve). Accordingly, it was eoncluded that the material (J T) curve shoen inl
Figure 3E 12 is the approepr-iate onie to use in;; the LB ealuationis for. carbon steel piping

Mater-ial J/T' Cure for- 216 0C (420 0 F)

Because the test temperature of I 772C (3502F) can be eonsider-ed r-easonably close to the
216 0C (420 0F), the test J R cur-ves for- 17-72C (3502F) were used in this case. A review. of
the test matrix in Table 3E 4 shows that thr.,. tests wef eenducted at 1:772C (3502F).
Thed
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te.ar-ing medulus ealcutlation was 372.1 MPa (51 ksi) based en Table 3E 3. Also reviewed
were the data on SA 106 car-bon steel a4 3 002F r-eportcd by Gudas (Refercenec 3E-413),

Consistent with the trend of the 2882C (5502F) data; the 1772G (3502F) weld mnet-al (J T)
data fell below the plate and pipe base metal data. This probably r-efleets the slightly
lower- toughness of the SAW weld in the plate. The (J,7) data for- the pipe base meta fell
between the plate base mneta and the plate weld metal. Based en the considerations
similaf to those pr-esented in the pr-eviouts seetion, the pipe base meta J T data, although
they may lie above the weld J T- data, vwere used for- seleeting the appropriate (J T-) eur-ye.
Aee-igy the eufve shown in rigufe 3E 1 was deeee e:using te( -

methedel nevaluatieft 12 C-(420'F)-

3E.2.3 Stainless Steels and Associated Welds

(deleted)

The stainless steels used in the EB91WR r-eactor- coolant pr-essure boundary pipingar
either- nuclear- grade or- low car-bon Type 304 or- 316. These mater-ials and the assoeiated-
welds are highly ductile and, therefor.e, undergo consider.able plastic defomation before
failure ca cu.Toughness pr-operties of Type 301 and 316 stainless stels have been
extesively r.eported in the open tec.h.ical. liter•aturT . nd are, thus, not discussed in detail
in this section. Due to high ductili-ty and toughness, modified limit load methods can be
used to determine cr-itial cr-aek lengths and instability loads (Subsection 3E.3.3),
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3E.3 FRACTURE MECHANICS METHODS

(deleted)

This Subsection deals Aith the fracture mechanies techniques and methods for- the
determination of critical flaw. lengths and instability leads for- materials used in ESBWR.
These techniques and methods comply w~ith criteria described in Subsection 3 E. 1.2.

3.E.3.1 Elastic-Plastic Fracture Mechanics or (J/T) Methodology

(deleted)

Fallure in ductile mater-ials sut h as highly tough fieritic materials is chafacte-ized by
considerable plastic deformation and significant amount of stable crak growth. The
EPFM approeach outlined in this Subsection consider-s these aspects. Two key concepts in
this approeach are (1) J integral (Re fer-ene 3E 4 land 3H 15) which char-acter-izes th_
intensity of the plastic. striess strain field sufrrounding the cr-ack tip and (2) the tearing
instability theory (Refcemnccs 3E 16 and 3E 17) which examines the stability of ducetile
e..aek growth. A key advantage of this appr-each is that the material fracture toughness
chamalcter-istic. is explicitly factored into the evaluation.

3E.3.1.1 Basic (J/T) Methodology

(deleted)

material (J/T) .u.;•e in Figur"e 3E 14 represents the material's r.esistance to ductile cack
extension. Ad:* value of j faling on the mater-ial R cturve is denoted as J~adi-
function solely of the increase in crack length Aa. Also defined in Figure ;1E 14 is the
"applicd" j, which for- given stfess s4:ai* pr-operties and over-all component geomeny, is -a
function of the applied load P and the current crack length, a. Hutcehinson and Par-is
(Refer-ence 3E 17) also define the following two nondimensional parameter-s:

TE OJapplied
Tapplied - 2 " laa

E dJmat
Tmat(2 da

""h E ;is Youg's modulus and ,,. is an appro.priate flow st"s

inter-section point4 of the mnateria and applied (J4T) cur-ves denotes the instability point
.is is mathemaically stted as:, -

(; P)oo Mal(a)
applied - at

Tapplied < Tmat(stable)

Tapplied > Tmat(unstable)

The load at instability is determined fromf the J verus load plot also shovrn schematically
in Figure 3E 14. Thus, the three key curves in the tear-ing stability evaluAtion ar-e:.we
versuser l. The determination of appropriate4

4"-7

4"-9
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J~-~ei'eu-;-A or temtra(Jt)hure has) Mple been aleadeeaiy diseuated i
Subsection 3E2. 1. TheJ.O
through perturbation in the erack length Onee the vru odifraini
available for diffcr-ent crack lengths. Therefore, ontly the methodelogy for- the gnrto

eJmi ersus -- lead information is discuissed in detail.

3E.3.1.2 J Estimation Scheme Procedure

(deleted)

The or J asd a- function of load was calcutlated using the G&,EPRI esfimnatic
sech-emfe proceedure (Refer-ences 3E 18 and 3E 19). The J in this scheme is obtaiined as
sum of the elastic and fuly plastic contributions:

T-- jT 1 T-- e ' p

The material true stress strain curfve in the estimnation scheme is assumed to be in the
Ramberg Osgood format.:

whefe-60 is the mnater-ial yield stress, e - ffIU, and a and n ere obtained by fitting the
prcoeding equtmiont to the fnater-ial true stress stran eurve.

The estimation shemefe farmulas to evaluate the j integrai for- a pipe with a throughwall
circrumfer-ential flaw subjected to owre tenso 'r pu bendine arc -As foellow~s:

W4ý)(

(FE 11)

JI,

Tensiee

,=c •R•P 2 -
1 *ke't; E LA, L5 . (a) (a , E) F p ]n + I

0 OLPOJ +E421)

where-

aF2(a, n,R

frrtF - 41rR 2t2

u L
'F1

Bending
2 ~f~~fl+

FIF;6; rj),ra . E) 0 (PE 13)

where 1

a R R)__

b' ,t 0
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The non dimensional functions f and h are given in Refer-en~emp !V- IQ

While the ealculatien of j for- give 0, an, l-ead-

one issue that needs to be addr..scd i, the. tearing ins
includes beth the membrane and the bending stresses.
of evaluating only one type of stress at a timie-.

-Thý

is, reasonably straightfor-war-d,
.y, evaluation when the loading

estimatien seheme is capable

This aspect is addressed next;.

3E.3.1.3 Tearing Instability Evaluation Considering Both the Membrane and Bending
Stresses

(deleted)

3ased on the stimati.n scheme foImulas and the tear.ing instabilty methodology ju3t
outlined, the instability bending and tension stresses can be calculated for various
throughw~all circeumferenitial flaw lengths. Figure 3 E 15 shows a schematic plot of the
instability stresses as; a function of flaw length. For the same stress level, the allowable
flaw length for- the bending is expeeted to be larger- than the tension case.

When the applied sifess is a combination of the tension and bending, a linear interaction
rule is used to determinae the insitability stress or- conver-sely the c-r-iticalfla l-ength. The
applic~ation of linear- interaction rule is certainly conservative w-hen the instability load fis
elose to the limit load. The applicability of this, proeposed rule should be justified by
proviAdin a omaison of the pr-edictions by, the proeposed approeach (or an alternate
approeach) with those available for- cases where the membrane and bending stresses -ar-e-

traed tegethef.

The ineractinfor ulsfllow: (See F;icu~re E15

C-r-ietica Flow Lcngth

(t r t(b)a(ac t) + •C -- _L(aYt + a b ac' t + aYb

wheFe+

Ot - applied membrane stress

e% - applied bending stress

a" crr-itical flaw length for- a tension stress of 11 4. f

I crintical tiaw leng~h tor- a beadnem stress o a--
5•

instability Bending Stress

b
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whefe-

S - instability bending stress for- flawi length, a, in the pr-esence of mnembrane

-applied membrane stress

-instability tension stress for- flaw length,a

-infstability bending stress fer flaw length,-a

Onec the instability bending stress, S4, in the presen.e of membrane stress, , is

determined, the instability, load maar-gin corresponding to the detectable leak size cr-ack (as
reurd by LBB eritefien in Subseetion 3.6.3) can be ealoulated as foilows

0Tt + Sb

at + ab

it is assumned in the pr-eceding equation thAt the uncertainfty in the calculated applied
stress is essentially associated Nh~th the stres because of applied bending loads and that
the membrane stress, which is generally due to the pr-essure loading, is kno 'n A4th
greater- ertainy. This methed of calcutlating the mar-gin against leads is also conisistent
with the definition of load mnargin employed in Paragr-aph IWM 3640 of Sectiont M oe
Refer-ence 3 E 20.

3E.3.2 Application of (J/T) Methodology to Carbon Steel Piping

(deleted)

From Figure 3E 3, it is evident that car-bon steels eydhibit transition temper-ature behavior
marked by three distinct stage-s: loerve shfelf-, transition, and upper- shelf-. The carbn
steels generally exhtibit ductile failure moede at or- above upper- shelf temper-atures. This
would suggest that a niet section collapse approeach may be feasible for. the evaluation oA
postulated flaws in ear-bon steel piping. Such a suggestion was also made inarve
r-eport prepared by th-e Na Research Lab (Referencee 3E 21). Low temper-atue (i.e.,
less than 51 .72C (125'F)) pipe tests conducted by GE (Refer-ence 3E 22) and by
Vassilaro s (Refcr-ence 3E 23) which involved rair-eumfer-entially cr-acked piping subjected
to ben~ding andor- pr-essure loading, also indicate that a limit load appr-oach fis eaýsibale.
Hoewever-, test data at high temperatures, especially involving large diameter pipes,ar
cufrrently not available. Therefore, a (J4T) based approeach is used in the evaluation.

3E.3.2.1 Determination of Ramberg-Osgood Parameters for 2881C (550'F7) Evaluation
(deleted)

P4S6)

Figure 3E 7 shov.s the true stress true strain curves for- the car-bon steels at 2882G
(5502F). The same data is plotted here in Figure 3E 16 in the Ramberg Osgood formhat.-
It is seen that, unlike the staink.,s steel e.ase, each set for- stress strain data (i.e., data
derived from one stfess strain curve) foliow appro.iately a single slope linte. Based on
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the visual observation, a line representing eE - 2, a - 5 in Figure 3E 16 was dr-awnf as
mpeprenting a r-easefnable upper- bound to the data shown%.

The third par-ameter- in the Rwmberg Osgood format stress strainurei a-0,he-yie~d
.,tress. Based on the sevr-al intemal GE data on car-bon steels, such as SA 333 Gr-. 6 and

MWa (31,600 psi). To summarize, the following values ar-e used in this appendix for- the
(P/T) methodology evaluation of car-bon steels at 2882C (5502F).:

-2.0

S - 5.0

-23 8.6 MWa (314,600 psi)

3E.3.2.2 Determination of Ramberg-Osgood Parameters for 2161C (420°F) Evaluation

(deleted)

Figure 3E 17 shows the Rambc•r•g Osgood (R 0) format plot of the 1772C (3502F) true
stress str-am data on the car-bon steel base mffetsal. Also1 shown in Figur~e 3E 17 are the CE
data and SA 106 Gr-. B3 at 2042C (10F.Because the difference beve the ASME
Code Specified minimum yield-' strenh a 1:77,C (3502F) and 216oC (4202F) is small, the

77*C (350,F) st.es , d w e applable in the deterination of R 0
pafameter s. for evalu. ,ation -at- 2 .1 60( (40202F).

A review of Figure 3E 17 indicates that the majority of the data associated with any one
test can be approeximated by onfe straight line.

it is seen dtha some of the data points associated with the yield point behavior- f&H alonfg
the 5y axis. H~e~ewr-, these data points at low strain le.vel wer not considered significan
and, therefore, were not included in the R 0 fit.

The 1 772C (350,F) yield str-ess fier the bae ater-ial is given in Table 3E 3 as 261.2 4P-a
(37.9 ksi). Because the differ-ence between the ASME Code specified minimu 1yield
strengths of pipe anfd plate carbon steels at 2162C (4202F) and 1772C (3502F) is roughly
6.18 MWa (0.9 ksi), the Ere value for- use at 216 0C (1200 F-) are choesen as
261.2 6.18 MWa (37.9 0.9 ksi) or- 255.0 MWa (37 ksi). in suffffafy, the follovwing values
of R 0 parameter-s are used for- evaluationt of 2162C; (4202F*-

- 255.1 mpa (37,000 psi)

66 - 5.0

3E.3.3 Modified Limit Load Methodology for Austenitic Stainless Steel Piping

(deleted)
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Refer.en.e 3E 24 des.r.ibes a modified limit lead meth.d.logy that may be used to
ealculatc the cr-itical flaw lengths and instability, leads for- auistenitic Stainless steel pipintg

wan assoeeated wvelds. If appropfiffe, tms or- an equtivafcnt mnethoalgy, fmay, bc used inl
place of the (J/T) methedelogy deser-ibed in Subsection 3B.3. I.

3E.3.4 Bimetallic Welds

(deleted)

used for- weld metals (in selected cases stainless steel types 309L!308L may be used).
The proeedures r-eeommended in Section 3E.3.3 for the austenitie stainless steel weclds are
also applicable to these weld metals. This is justified based on the cormmon procedures
adopted for- flaw, acceptance in the ASME Code Section X!, Article IWB 3600 an
~Appendix C, for- both types of the welds. if other-types of bimetallic mnetals are used,
proeper- proceedures should be used with generally acceptable justifications.

3E.5 LEAK RATE CALCULATION METHODS

(deleted)

Leak rates of high pr-': ur' fluids th...gh cr-a.ks in pipes arc a c. mplex function of crack
geometiy, crak surfaI e r.. ugh.. . , applied stresses, and inlet fluid thermodynamic state.
..... 4iea +a ... e+ .. of lea .... ate. s 1 e .... +"l consist o two sp1t tasks. ca..ulation
of the cr-ack peninga aea, and the estimation of the fluid flow rate per unit ar-ea. The fir-st.
task requires the fracture mnechanics evaluations based on the piping- syte str. state.
The second task involves the fluid maechanics considerationis in addition to the cr-rack
geomnetry and its suffaec r-oughness infermation. Each of these tasks is now discutssed
separately consider-ing the type of flutid state in ESBVWR piping.

3E.4.1 Leak Rate Estimation for Pipes Carrying Water

(deleted)

EPRI developed computer- code PICEP (Refer-ence 3E 25) may be used in the leak r-ate
Eal.ulatiens. The basis for this oede and c F its leak rate prCedicions with the

.(deented data is described in Refrences E 26 and 3E 27. Thisc has been use
in thfe- successful application of LBB to primr pIpIn...g system of a -P3AR-. The basis for
flow r-ate and cr-ack opening area calculations in PICEP is bfiefly described fir-st. A
comparison with experimaenta data is shown next.

Ot0herF methods (e.g., Refer-ence 3E 28) may be used for- leak rate estimation at the
discr-etion of the applicant.

3E.4. 1.1 Description of Basis for Flow Rate Calculation
(deleted)

The thermodynamic moedel impalemented in PICEP cofmnuter er-offam assumes the
leakage flow through pipe ,-racks to be isenit.opi. and homoegeneous, but it accounts
non equilibr-ium "flashing" transfer proceess between the liquid and vapor- phases.

40f
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Fluid frietion caused surface roeughness of the walls and eurved flew paths has been

tre-ated-. The moedel uses sme approxiations and empirieal factor-s, which were
confirmed by copio againfst. test. d-ata bccause of the complicated gemefne'- withhi
thefowpath.

For- given stagnation conditions and cr-ack geometries, the leak rate and exit pr-esstff are
ealeulatcd using an iterative search for- the exit pressure starting from the saturation
pr-essure eorresponding to the upstream temperature antd allowing for- freictin,
grav~itational, acceleration and area change pressure droeps. The initial flow calculation is
per-formed when the. e.jitical pressure is lowered to the backpr-essir-e without finding a
solution for- the critical mass flux-.

A eensei~vafive methedeleg w.as oelpcd to handle the phase t~nffaininto
two phase mnixtur-e or super-heated steamn through a cr-ack. To mWAe the moedel
contRs-in fuous, a correction factor- was applied to adjust the maass flow rate of a satur-ated
mfixture to be equal to that of a slightly sub cooled liquid. Simnilarly, a correction factor-
w;as develoned to ensure continuity as the steam became sur~erheated. The sunerheated

.odel was developed by applying thermodynamic principles to an isentrpix
of the single phase steam.

The code can calesulate flow rates through fatigue or- I9GSC crracks and has been veirifid
aganst data from both types. The cr-ack surface roughaess and the number- of bends
account for the differnene in geometr of the two types of cractks. The guideline for-
predicting leak rates through IGSCCs w.hen using thbi-s moi-del ;A .based on obtaining the
numfber- of turnis that giNve the best agreement for- Battelle Phase 11 test data of Collier- et p1h
(Reference 3B 29). For fatigue cracks, it is assumed that the crack path has no bends.

3E.4.1.2 Basic for Crack Opening Area Calculation

(deleted)

The crack opening area in PICEP code is calculated using the estimation scheme
form~ulas. The plasti contribustion to the displacement is computed by surmming the
oentr-ibutions of bending and tension alone, a proceedur-e that under-estimates the

displacemefient from cob-in-ed tension and bending. However-, the plastic. contibution is
expected to be insignificanit because the applied str-esses anomloper-ation are generally
such that they do not proeduce significant plasticaity at the crac-aked location.

3E.4.1.3 Comparison Verification with Experimental Data

(deleted)

Figure 3B 18 from Refer-ence 3E 27- show.s a compar-ison PICEP pr-ediction with
measured leak rate data. it is seen that PICEP predictionsi are virtually always
eensefveAtve (i.e., the leak flow rate is under- pr-edicted).

3E.4.2 Flow Rate Estimation for Saturated Steam

3E.4.2.1 Evaluation Method

(deleted)
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The calculations for- this ease were based en the fmaxmum two phase flow model

should be provided by compar-ing the predietions of this method with the arvailable
.p. nenWa data, or a generally aeceptable methed, if available, should be uised. The

Moody model pr-edicts the flow rate of steam water mnixtures in vessel blowdown% from
pipes (see Figu.e 3E 19). A key parafmeter+ that ehaae.ter.ized the flow passage in the
Moody analysis is fL/EDh, where f is the coefficient of ffrif•tn, L, the length of the fio

passage-and- ,- , the hydraulic. diameter. The hydraulic diameter for the ease of flow
through a carack is 26 where 8 is the crack opening displacement and the length of the
flow passage is t, the thielness of the pipe. Thus, the parameter &LDh iff the Meedy

an 01. VT inta rS'a -m fn fiar. *th v11a
.7 11, I,-kl

V: lu IM L +L A: + .4 ýn
~-tt Ow rates by Moody for- ^•/T.-f /of and 1.

Similar plots are given in Reference 3E 30 for- additional ffL'DI values of 2 threoug 100,
Becautse the steam int the ESBWR main steam lines wetoud be essentially saturated, the
mass flow rate corresponding to the upper. saturation envelope line is the approepr-ia on
to use. Table 3E 5 shows the mass flow rates fcr a range of IL!Dft values for- a stagnato
pressure of 6.62 MWa (960 psi) which is r-oughly equal to the prsA r in a ESWR

pipingff xytmcning steam.

Amajor- tmei~aiat in eaoltgtelakage rate iss the v-alue, of f. This is discussed

3E.4.2.2 Selection of Appropriate Friction Factor

(deleted)

Typical relationships between Reynolds numbefr and relative roughMess c/Dh-the ratio ef
effective surface proetrusion height to hydraulic diameter:, were r-elied upon in this ease.
Figure 3B 2 21, from Reference 3ED 3 1, gr.aphically show..s suh a relationship for- pipes.
The-e/.. r•ti• fe•. ip gee rally ranges from 0 to 0.50. However-, far- a fatigue crac
oensisting of roeugh fracture aw:&es r-presentedby' a few mils, the rolughness height 6 at

some location may be almost as mucah as 8. in such cases, e/Dj, would seema to approach
one halfl. There are no data or- any* afalytial model for- such cases, but a crude estimate
based on the extapoelation of the r-esults in F-igure 3E 21 wouild indicate that f may be of
the order. of 0.1 to 0.2. For- this evaluation an aver-age value of 0.15 was used ,ith the
moedification as discussed next.

For bod.o. n of saturated vapor-, with no liquid p......e.., Moedy sttes t the fr.ir.tion
faetor should be modified accor.din .to

rU)1/3
f - - o fS , (PE 17)

where-.

f9 muttmett te ...........

- faetor. tor single pnfase
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Ugliquidiapor- specific volumfe ratio evaluated at an aver-age staticresuei

the flew peAh

This correction is necessary because the absence of a liquid film on the walls of the fcwv
chaninel at high quality makes the two phase flow model invalid as it stands. The average
statie pr-essufre in the flow path is going to be something in emeess of 3.3 1 MWa (1 80 psia)
if the initial pr-essure is 6.62 MWa (960 psia); this depends on the amount of flow choking
and can be determined from Refer-ence 3E 30. However-, a fair- estimfate-cf-VP,44
0.3, so the freictin facter- for- saturated steamn blowdownf may be taken as 0.3 of that for
mixed fhlw-

Based on this discussion, a coefficsient of friction of 0.15 x 0.3 -0.15 was used in the flow
rate estimation. Currently exper-imental data are unavailable to validate this assumed
,ale of coefficient of fri-ction.

3E.4.2.3 Crack Opening Area Formulation

(deleted)

The crack opening a-eas wer. calculated using LEF.M pr•ocedues with the .ustoma.y
plastic zone correction. The loadings inceluded in-; thm- crack opening area calcuilation-s
w.erc : prsue eight, and thermnal expansion*.

ease. The cr-ack opening areas for- pr-essure (A,,) and bending stresses (Ar.) weFe
separately calculated and then added together- to obtain the total area A

For- simplicity, the calcoulated membrane stresses from weighit and thermfalepnso
loads were combined with the aial membrane stress, a., due to the pr-essure.

The formnulas are sufmmarized below:

P E

where-

-p axial membr-ane stress caused by pressure, weight and thermal expansion
leads

(PE 18)

E - Young's moeduluis

R - pipe rdu

- pipe thickniess

2. - shell parameter- -

a -half cr-ack length

a

7 Rt
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G,(X) = k2 +0.16X 4 (0_< X_. 1)

= 0.02 + 0.81X2 + 0.30X3 + 0.03k 4 (1 <• X<5 5)

.b R2. (3 + cos0)It(0)Ab 4 -- •

([E- 19)

(3E-20)

where.:

bending stress caused by weight Anti therm:al PewnA*qinn km~dq

S= 1half r•a" k angle

,(0) = 20211 +( 312 {8.6-13.3(q +24(2) 2+(03

{22.5- 75(- + 205.7(0)- 247.5;)3 + 242(g) }](0 <0< 1000)+; 24 7E < <100 (PE 21)

The plastic zone corection
em ndWf., .hich arc given by

.s in Foatd by replacing a and 0 in these formulas by

ef (2it RE;) 2

aeff 0 eff , R22 (OE-22)

The yield stress, aF,-was-eei
yield and ultimate strength.
caused by both the membraine

- I
iser.'tlely asstfmed as the avera2 B-

The stress intensity factor-,
of the code specified-
includes, • A .... +.tIo.n

and beatting sttess mtt is deteminett as tellews-.

Ktotl _K. 1 Kb (PE 23

4whefe.

4 (1_. -3q2&a2s~ )l /2 (ý a 1)

K% . b.2V2 b•2k•5

3/2
t IQ r.ýQ)5/2 qAý0)7/2ýA ý6!!ý to()U)

The steam mass flow rate, M, showin in Table 3B 5 is a function ef parameter., f'
Once the mass flow rate is determnined corresponding to the calculated value ofe i
earameter,. the leak rate in eem cafn then be calc;ulatd.
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3E.5 LEAK DETECTION CAPABILITIES

(deleted)

A eemp1ete desefiptien of vafious leak deteetion sy'stems is provided inSubsection 5.2.5.
The leakage detection system gives separate considerations to: leakage within the drywell
and leakage external to the dr-ywell. The limits for- rveator- coolant leakage are deser-ibed
in Subseetion 5.2.54,.

The total leakage in the dr-ywell consists of the identified leakage and the Unidentified

head seal and other- seals, which all dischar-ge to the equipment dr-ain SUmp. The
Tecehnical Specifications (TS) limnit en the identified leak rate is 1l4 Liters,'min (25 gpmn).

The unidentified leak rate in the drywell is the pcr~tion of the total leakage r-eceived in the
dryweli sumps that is not identified as pr-eviously descr-ibed. As speeified in subsectionl

5...,the detection capability for. ndn ifiedlak rate is 3.8 Liter-s/mm (I gpmf). To
eever- uncertainties in leak deteto capab ility, although it mneets Regulatory Guide 1.45

guidelines, a mnargini faetor- of 10 is required per Refer-ence 3E 21 to detc~n
r-eference leak rate. A r-educed maFgi factor may be used if accounts can be made of

material over- time, leakage pr-ediction, measurmnent techniques, pesnnel, and-
frequeney of monitor-ing. For the piping in dfywell, a -refeencee leaku rate of 37.85 L/min
(10 gpm) may be uised, unless a smaller- rate can be jutstified.

The sensitiiviy and r-eliability of leakage detection systems used outside the dr-ywell mRust
be demonstrated to be equivalent to Regulator-y Guide 1.45 systems. Methods that have
been shoyn to be acceptable include loceal leak detection, for- examnple, visual observation
or- insztumcntaien. Outside the drywell, the leakage rate detection and the margint factor-
U' pun Ut

1
*ort %as SH v* v x x x x ,
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Table 3E-1

Electrodes and Filler Metal Requirements for Carbon Steel Welds

(deleted)

Base Matera P-No. Preeess Eleety-ode ofFilrMtlGasfeio
_ _ S- Ofeti

Car-bon Stee P to P SMýAW 8-A-54E71

Car-ben Steel; orf P4-,P 3~

GTAW S.PA-5.18 E708 2, B7S3

PAW

eLowAlley Ree P4q- fP 5 QMAW SFA 5.1 7S2,-& , ;0

SFA 520 70

__SAWA SFA-S. 17 F72EMI-2K,-F72Eb412 _
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Table 3E-2

Supplier Provided Chemical Composition and Mechanical Properties Information

(deleted)

Chemical Composition Mcchanical Property

Material Produet G Ma P 8 8i SY s*&

FormMWa MWe

(ksi) (ksiO

SA 33 GF 6 6 in.Seh. 04-2 44-9 044" 0.026 O-.P 303.4 465.4 42.

SA51Gf.-0 10inPla~e 0-49 0,99 0.047 0.0022 445~ 320.5 48641 3-I
_ _ __ ___646 (70,

Noes-e

1.4 ri1 vprn. 4A-RA; q h172j;d At WAR Q : 4 ~1~ AF Lu P.14 tor.: JqA31r.9 Rni4 mr. PAAIld
Pý\ - r

An-' P701" /I P7 0 I.. ...... ..1 •: .... !•.]te-i PlifteowtbrioFmatizedift RibFuttettew andai.
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Table 3E-3

Standard Tension Test Data at Temperature
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Speeime- Material Test 0.2% vs UT-S Elongati

N.mber_ Tempera p#o, (%) (%)

03AII pipe-Wel RT- 4557 M"-6.1), 84- 3-2

OW2 PipeAWeld 288C-(5502F) 406.8-P(9-.) 93-.9 24

ITAL2 Plat&e We 288C SWF- 365.4-Wa (" 94 -34

HubI Ple•- Base RT, 309)M7a.6 W 4 7-3-.7 U

iBL2 PAte-eBase 17C (3502-F 264-.3 MPa(3-.9) 64-.2 -34

I-B - Rate-Base 2882C -2 23 .,2- (;4+.4 69 29 i94

94- Ripe- R-T- 3009- MP&4 .6" 4--

g2 ppe-B"e 177-C(3Q2• 29.0 4 (42.2) 74-9 24- -4

0BJ Pipe-as 288-C (55W2F) 23 8.6MPa (344) 7-9. -34-
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Table 3E-4

Summary of Carbon Steel J-R Curve Tests

(deleted)

N-mbe- Speeimen 1D Se Deseip Tempa_ _

(4- )G A 44 -

(2-) B -T Pipe Base C L Orienttio n

(3-) OBLC2 4-4 Pipe Base L C Oricntin 0 ...

(4) OBbG3 B ~ 4-1 Pipe Base L G Orienftatien 07- 3 O-

(5) BMb 4 4-1 Plate Base Metal, IL T- Orientati•on•JT

6) BML4b4 4 2-T Plate Base Metal, L T- Or-ienitationi RT

(7-) BML2 6 2-T Plate Base Meta, L T- Orientation 072 3W-

w~ BML4-4-2 2-T Plate Base Meta, L T- Onentaton 082 (50-F

(19) WM43 9 2-T Plate Weld Meta RE-

(-1T0II 1W 1 -2-T Plate Weld dA, 1M7'etal• 0 '26"•U

(42 5 2-T Plate Weld Metal 08 (5 •

(-12) HAZ (Non- H-4eat- ffeted Zoe, ePlato WE-
stmafdd)

Width -=7.09

(4-3) O~~ 7 4-T4 Pip&WeW R-

Notes-.

(1) Pipe base metal, SA333 Gr1 . 6

(2) Plate base mneta, SA5 16 G.-7-0
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Table 3E-5

Mass Flow Rate Versus fl/Dh Values
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"jb Mass Flow Rate, kg/s m2Ibm/see-W-M)

0 4-8540(3800)

1"17140-(2200)

2 78-10(14600

4 4490(920)

-5 3.904*(800)

41-0 2830(~580)

2-0 1950-(400)

-50 -1270(260)

4-00 903-(94-5
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Figure 3E-1. Schematic Representation of Material J-Integral R and J-T Curves
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Figure 3E-2. Carbon Steel Test Specimen Orientation Code
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Figure 3E-3. Toughness Anisotropy of ASTM 106 Pipe (152 mm Sch. 80)
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Figure 3E-4. Charpy Energies for Pipe Test Material as a Function of Orientation and Temperature

(deleted)
Figure 3E-5. Charpy Energies for Plate Test Material as a Function of Orientation and Temperature
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Figure 3E-6. Comparison of Base Metal, Weld and HAZ Charpy Energies for SA 333 Grade 6
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Figure 3E-9. Plot of 177'C (350'F) True Stress-True Strain Curves for SA 333 Grade 6 Carbon Steel
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Figure 3E- 11. Plot of 288°C (550'F) Test J-R Curve for Pipe Weld
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Figure 3E-12. Plot of 288°C (550 0 F) J.od, Tmod Data from Test J-R Curve
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Figure 3E-13. Carbon Steel J-T Curve for 216°C (420°F)
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Figure 3E-14. Schematic Illustration of Tearing Stability Evaluation
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Figure 3E-15. Schematic Representation of Instability Tension and Bending Stresses as a Function of Flaw
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Figure 3E-17. Carbon Steel Stress-Strain Data at 177°C (350'F) in the Ramberg-Osgood Format
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Figure 3E-18. Comparison of PICEP Predictions with Measured Leak Rates
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Figure 3E-19. Pipe Flow Model
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Figure 3E-21. Friction Factors for Pipes
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