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Executive Summary

This Topical Report presents a technical justification to support a change to the licensing
basis of Babcock & Wilcox-designed nuclear power plants. The requested change to the
licensing basis is to establish a risk-informed basis for the acceptability of postulated
thermal loads on once-through steam generator (OTSG) tubes, tube repair products, and
tube-to-tubesheet joints induced by a loss of coolant»accident (LOCA) in the large-bore
piping of the reactor coolant system (RCS) upper hot leg. The justification for the
requested change is that the thermal Joads from a break in upper hot leg large-bore
piping, and the subsequent possibility of induced steam generator tube rupture, represent
a very small risk per the probabilistic and deterministic guidance of Regulatory Guide
(RG) 1.174. The risk-informed evaluation presented in this report demonstrates the
acceptability of thermal loads on OTSG tubes, tube repair products and tube-to-tubesheet
joints from a break in the upper hot leg large-bore piping. Therefore, the acceptability of
OTSG thermal loads will be based on this report, and on deterministic evaluation of the
previously analyzed limiting accident, which is either a LOCA in RCS attached piping

(for example, the pressurizer surge line) or main steam line break (MSLB).

In 1985, the B&W Owners Group (B&WOG) issued Topical Report BAW-1847, which
presented the technical basis for application of leak-before-break (LBB) technology to
the large-bore piping of the B&W plants. In the late-1980s, the B&WOG initiated a plan
to update the analyses supporting the OTSG tube repair criteria. This analysis was
performed to address flaw morphologies that had not been considered in the earlier work.
During this effort, a large-bore RCS pipe break was not considered a credible event based
on the work done in support of LBB. As a result, all OTSG tube repair hardware and
processes developed after 1990 were qualified without consideration of large-bore RCS
pipe break conditions. The main steam line break (MSLB) and RCS attached pipe break
transients were used as the limiting accident condition loading for all tube repair

hardware.
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In the spring of 2000, the B&WOG became aware that the NRC did not agree with the
use of the leak-before-break methodology as the basis for the 1990 decision to not
include the thermal loads following a large-bore pipe break as a design condition for
OTSG tubes. This initiated a review to determine the most appropriate way to address
the potential consequences of a large-bore pipe break on the OTSG tubes. The review
included a determination of the RCS locations where a large-bore pipe break could
theoretically produce more limiting tube loads than those previously considered. This
review concluded that the RCS refill phase following a LOCA in the hot leg U-bend
could result in increased tube loads because of the large tube-to-shell temperature
difference that may be established. Because the event was determined to have a low risk,
Framatome ANP and the B&WOG developed a risk-informed technical basis to address
the potential tube loads from upper hot leg large-bore pipe breaks. This Topical Report
provides that technical basis and the corresponding proposed change to the licensing

basis.

This Topical Report supports the licensing basis for the existing OTSG tube repair
hardware and maintenance practices, and will be referenced in the licensing basis of
future repair products, maintenance practices, and replacement OTSGs. There will be no
relaxation of the actual design, testing, inspection, plugging/repair criteria, physical and
material properties, and integrity programs of the OTSGs as a result of approval of the
requested licensing basis change, because these specific thermal loads have not

previously been included as a faulted design condition for the OTSG tubes.

This change to the OTSG licensing basis reduces the potential for premature plugging of
steam generator tubes. If the acceptability of OTSG thermal loads was based upon the
upper hot leg large-bore pipe break, the limiting loads and resulting tubesheet bore
dilations would result in additional restrictions for tube repair products. This would
require additional tube plugging. These consequences would be excessively burdensome
and unnecessary, considering that the likelihood of the postulated upper hot leg large-

bore pipe break is very small, and the consequences of the resulting thermal loads on the
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steam generator (possible LOCA-induced steam generator tube rupture) are not risk-

significant.

This Topical Report was prepared following the guidance of Regulatory Guide 1.174,
“An Approach for Using Probabilistic Risk Assessment in Risk-Informed Decisions on
Plant-Specific Changes to the Licensing Basis.” In accordance with the guidelines of RG
1.174, the key principles for risk-informed decision-making have been met. These

principles span both traditional deterministic and risk analysis methods.

A bounding risk analysis has been performed to estimate the potential risk contribution
from possible loss of OTSG tube integrity due to tube loads induced by large-bore RCS
pipe break. These estimates of the change in core damage frequency (ACDF) and change
in large early release frequency (ALERF) represent the risk impact of the proposed
licensing basis change, for comparison to RG 1.174 criteria. Probabilistic Risk
Assessment (PRA) sequences have been developed that model LOCA-induced éteam
generator tube rupture due to breaks in large-bore RCS piping. The LOCA of concern is
a break in the upper hot leg large-bore piping. The emergency core cooling system
(ECCS) refills the RCS including the hot leg and OTSG tube regions of the broken loop,
and a continuous liquid flow through the OTSG tubes and out the break is established.
This liquid throughput can eventually result in a large tube-to-shell temperature
difference, which is assumed in the PRA sequences to induce gross (multiple tube) steam
generator tube rupture (SGTR). Significant primary-to-secondary OTSG leakage is
assumed for these PRA sequences so that the risk estimate will bound any uncertainty
associated with OTSG tube integrity. This is a conservative assumption. The risk
analysis includes the possibility of a secondary side isolation failure, which is required
for the induced SGTR to be of consequence with respect to CDF and LERF. The
isolation failure leads to the eventual depletion of reactor building (RB) sump inventory
- through the secondary side causing late core damage. The LOCA-induced SGTR may
also contribute to large early release if early core damage occurs due to independent
means. Even with the conservative assumption that significant OTSG tube failure is a

certainty, the ACDF is less than 8 x 10 %year, and the ALERF is less than 4 x 10" /year.



Relative to the acceptance guidelines in RG 1.174, this is considered a “very small” risk

increase.

The proposed licensing basis change is consistent with the defense-in-depth philosophy
as discussed in RG 1.174. The balance between prevention of core damage and
prevention of containment failure/consequence mitigation is not affected by consideration
of OTSG tube loads induced by large-bore RCS pipe break, and independence of

defense-in-depth barriers is not degraded.

The proposed licensing basis change maintains sufficient safety margins. For the limited
condition of the RCS upper hot leg break location, there is a potential compromise of
steam generator tube safety margin because, for this specific location, the OTSG thermal
loads may be greater than for the previously analyzed limiting LOCA, which is the RCS
attached pipe break. This is acceptable because the risk to public health and safety is
“very small” according to the guidelines of RG 1.174 as demonstrated by minimal
changes in core damage frequency and large early release frequency, and the
maintenance of defense-in-depth principles. For all other design basis accidents, the
OTSG safety margins are unaffected by the requested change, and the tubes, tube repair
products, and tube-to-tubesheet joints will continue to meet all existing regulations and
requirements. In the current OTSG licensing basis, the limiting accident conditions are
RCS attached pipe breaks and MSLB. With approval of the B&WOG request, the
limiting accident conditions will remain the same, i.e., RCS attached pipe breaks and
MSLB. The existing safety analysis ensures that the limiting events, considering risk

significance, have been evaluated, and that current safety margins are maintained.

Each B&WOG plant has performance monitoring programs to ensure that no adverse
degradation occurs because of the proposed change to the licensing basis, and that the
performance of the systems, structures and components (SSCs) that are relied upon to
Justify the proposed change will be maintained. Existing plant programs, such as the

Maintenance Rule Program and the Steam Generator Program, ensure that any
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unanticipated degradation of performance related to the proposed licensing basis change

will be identified early and corrected.

This Topical Report presents the technical justification for changing the licensing basis of
B&W-designed nuclear power plants. This requested change is to establish a risk-
informed basis for acceptability of OTSG thermal loads from an upper hot leg large-bore
pipe break. The basis for the proposed licensing basis change has been prepared in
accordance with the deterministic and probabilistic guidance of Regulatory Guide 1.174.
The B&WOG believes that it has demonstrated that the proposed change to the licensing
basis will not adversely impact risk to public health and safety, aﬁd that NRC approval is

justified.
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1.0 Introduction

1.1 Objective

This Topical Report presents a technical justification to support a change to the licensing
basis of Babcock & Wilcox-designed nuclear power plants. The requested change to the
licensing basis is to establish a risk-informed basis for acceptability of postulated thermal
loads on once-through steam generator (OTSG) tubes, tube repair products and tube-to-
tubesheet joints induced by a loss of coolant accident (LOCA) in the upper hot leg of the
large-bore reactor coolant system (RCS) piping. The basis for the requested change is
that the thermal loads from the specific RCS break, and the subsequent possibility of
induced steam generator tube rupture, represent a very small risk as evaluated per the
probabilistic and deterministic guidance of Regulatory Guide 1.174 (RG 1.174) [1]. The
risk-informed evaluation presented in this report demonstrates the acceptability of
thermal loads on OTSG tubes, tube repair products and tube-to-tubesheet joints from a
break in the upper hot leg large-bore piping. Therefore, the acceptability of OTSG
thermal loads will be based on this report, and on deterministic evaluation of the
previously analyzed limiting accident, which is either a LOCA in RCS attached piping
(for example, the pressurizer surge line) or main steam line break (MSLB). If approved
by the NRC, each affected licensee may make appropriate changes or references to their
Safety Analysis Reports, and licensing and design basis documents, as necessary, to

incorporate the change into the plant’s licensing basis.

1.2 Background

The original licensing basis of the B&W Nuclear Steam Supply System included
consideration for the effects of large break loss-of-coolant accidents (LBLOCA). The

reactor vessel exit (hot leg) nozzle LBLOCA is included as a faulted condition in the
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Reactor Coolant System Functional Specifications for the individual plants. Topical
Report BAW-10027 [2] documented the dynamic loading analysis and testing that was
performed to quantify the effects of the LBLOCA on the OTSG. Topical Report
BAW-10027 concluded that neither tube failure nor tube-to-tubesheet joint failure was
experienced as a result of the primary blowdown structural tests. Topical Report BAW-
10027 also contained results of other faulted condition events (including MSLB), as well
as results from normal and operating condition tests. Operating Licenses were issued to
the B&W-designed nuclear power plants by the NRC based upon results of Topical
Report BAW-10027.

In the late 1970s, the B&W Owners Group (B&WOG) initiated an analysis program to
more rigorously define steam generator tube repair criteria in accordance with the
guidance of the Nuclear Regulatory Commission (NRC) Draft Regulatory Guide 1.121
[3]. This analysis addressed tube support plate wear-type degradation, which was the
only significant degradation present in the OTSGs at that time. The results were
documented in Topical Report BAW-10146 [4], which was submitted to the NRC in
1980. The NRC did not issue an evaluation report to the B&WOG regarding Topical
Report BAW-10146.

In the analysis for Topical Report BAW-10146, thermally-induced loads on the OTSG
tubes were considered for a number of normal operation, upset, and faulted conditions.
These loads result from the differential thermal expansion between the OTSG tubes and
the shell, which is rigidly attached to the tubesheets at both ends (see Figure 1-1).
Faulted condition tube loads were calculated for both a MSLB and the reactor vessel exit
nozzle LBLOCA event. At the time, the MSLB was predicted to produce the limiting
faulted condition load (3140 lbs. tension). Due to their magnitude, thermal tube loads
associated with the MSLB accident condition were considered in OTSG tube repair

criteria analysis.

In 1985, the B&WOG issued Topical Report BAW-1847 [5][6], which presented the

technical basis for application of leak-before-break (LBB) technology to the large-bore
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piping of the B&W plants. This Topical Report was used as a basis for meeting the
exception criteria of General Design Criteria 4 (GDC-4). GDC-4 allows the dynamic
effects of large-bore pipe breaks to be excluded from the licensing basis when analyses,
reviewed and approved by the NRC, demonstrate that the probability of fluid system
piping rupture is extremely low. LBB was used, with the NRC’s approval, to justify

removal of certain piping restraints and supports at the plants.

Also in the late-1980s, the B&WOG initiated a plan to update the analyses supporting the
OTSG tube repair criteria originally documented in BAW-10146. This analysis was
performed to address flaw morphologies that had not been considered in the earlier work.
During the first task of this plan, analyses were performed to re-evaluate the limiting
accident condition tube loads. The analyses for the MSLB were updated and new loads
were developed, which resulted in a decrease in the predicted loads for all plants. During
this effort, a large-bore RCS pipé break was not considered a credible event based on the
work done in support of LBB, and therefore associated thermal loads were not included

as a faulted design condition for the tubes.

As a result, all OTSG tube repair hardware and processes developed after 1990 were
qualified without consideration of large-bore pipe break conditions. Until about 1999,
the MSLB transient was used as the limiting accident condition loading for all tube repair
hardware. In about 1999, LOCAs of RCS attached pipes were identified as a potential
limiting accident condition loading. Tubes and repair hardware were re-evaluated to
address the effects of the RCS attached pipe LOCA, which falls into the small break loss
of coolant accident (SBLOCA) category. Depending on the particular repair product and
the plant for which it was being applied, the limiting accident condition is now either the
MSLB or LOCA of an attached pipe. The largest attached pipes include the pressurizer
surge line, decay heat drop line, and core flood tank line. The pressurizer surge line is the
limiting attached pipe break for generating the OTSG tube-to-shell differential
temperature for the 177-FA Lower Loop plants. The Davis-Besse 177-FA Raised Loop
plant uses the limiting thermal loads from the pressurizer surge line break or the

continuous upper head vent line break.
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In the spring of 2000, the B&WOG became aware that the NRC did not agree with the
use of the leak-before-break methodology as the basis for the 1990 decision to not
include the thermal loads following a large-bore pipe break as a design condition for
OTSG tubes. This initiated a review to determine the most appropriate way to address
the potential consequences of a large-bore pipe break on the OTSG tubes. The review
included a determination of the RCS locations where a large-bore pipe break could
theoretically produce more limiting tube loads than those previously considered (see
Appendix A). This review concluded that the RCS refill phase following a LOCA in the
hot leg U-bend could result in increased tube loads because of the large tube-to-shell
temperature difference that may be established. Because the event was determined to
have a low risk, Framatome ANP and the B&WOG developed a revised, risk-informed
technical basis to address the potential tube loads from a range of postulated breaks in the
upper RCS hot leg. This Topical Report provides that technical basis and the

corresponding proposed change to the licensing basis.

While the discussion in this Topical Report is focused primarily on currently operating
steam generators, the conclusions are applicable to replacement Once-Through Steam
Generators (ROTSGs) as well. As shown in Figure 1-2, the replacement OTSG design is
very similar to the existing OTSG. The ROTSGs currently being fabricated for the
Oconee plants are the same basic design as the existing generators. In particular, they are
straight-tube, once-through designs with tubes expanded and seal welded at both ends.
They are designed to have similar performance characteristics as the original
components. Therefore, their response to thermal-hydraulic transient conditions, in
particular the induced thermal load on the tubes, will be comparable. There may be some
differences in the material of the tubes (Alloy 690 vs. Alloy 600) and the shell, as well as
the tubesheet thickness, that may result in slightly different tube loads. However, these
differences are not significant enough to change any of the discussion or conclusions
made in this Topical Report. Accordingly, the technical basis developed in this Topical
Report for the requested OTSG licensing basis change is applicable to the ROTSG.
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This Topical Report was prepared following the guidance for the elements and principles

of risk-informed submittals provided by Regulatory Guide (RG) 1.174. The four

elements consist of defining the proposed change, performing engineering analysis,

defining implementation strategy and monitoring programs, and submitting the proposed

change. The proposed change (Element 1) is defined in Section 2. Section 3 describes

the engineering analysis (Element 2), and the implementation and monitoring programs

(Element 3) are discussed in Section 4.

RG 1.174 also states that when using risk-informed decision-making, the proposed

changes are expected to meet a set of key principles, which span both traditional

deterministic and risk analysis methods. The principles (from RG 1.174) are:

1.

2
3
4,
5

Meets current regulations unless exemption is requested
Change is consistent with defense-in-depth philosophy
Change maintains sufficient safety margins

Increase in core damage frequency (CDF) or risk is small

Impact will be monitored using performance measurement strategies

These principles are discussed in Sections 3 and 4.
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Figure 1-2 Replacement OTSG Longitudinal Section
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2.0 Definition of Proposed Change (Element 1)

This Topical Report was prepared following the guidance of Regulatory Guide (RG)
1.174. This section of the Topical Report describes Element 1 of RG 1.174, which is a
description of the proposed change. It includes identification of systems, structures and
components (SSCs) and activities covered by the change, aspects of the licensing basis
that may be affected by the proposed change, and other en gineering information relevant
to the change. RG 1.174 defines a licensing basis change as “modifications to a plant’s
design, operation, or other activities that require NRC approval.” The “licensing basis
change” used throughout this Topical Report refers to the B&WOG approach described

below.

2.1 Proposed Change to the Licensing Basis

An alternate approach is proposed to demonstrate compliance with the licensing basis for
steam generator tube integrity and tube-to-tubesheet joint performance for the specific
faulted condition of a large-bore pipe break in the upper RCS hot leg. Steam generator
tube integrity during design basis accidents is required or is implied by 10 CFR 50.46, 10
CFR 100, Draft RG 1.121, ASME code, and the GDC as discussed below in Section 2.2.
For the upper RCS hot leg break location, there 1s a potential compromise of steam
generator tube safety margin because, for this specific location, the OTSG thermal loads
may be greater than for the previously analyzed limiting LOCA, which is the RCS
attached pipe break. The proposed change to the licensing basis is to accept that the
deterministic safety margin required by the above codes and regulations may not be
preserved for OTSG tubes, tube-to-tubesheet joints, and repair products for the specific
faulted condition of a large-bore pipe break in the upper RCS hot leg. For all other
design basis accidents, the OTSG safety margins are unaffected by the proposed change.
The consequence of this change is the possibility that some OTSG tubes or tube-to-
tubesheet joints may fail during the specific condition of a large-bore pipe break in the

upper RCS hot leg. As discussed in Section 3.0, these consequences have been
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considered and found to be acceptable with respect to the guidance of RG 1.174. The
low risk of this scenario, as determined by the inconsequential change in core damage
frequency and large early release frequency, and preservation of the principle of defense-
in-depth, allows this very limited concession of safety margin. Therefore, it is proposed
that the deterministic licensing basis for the LOCA-induced OTSG thermal load be
defined by the previously analyzed limiting LOCA, which is the RCS attached pipe
break. The limiting attached pipe break is the pressurizer surge line for the 177-fuel
assembly (FA) Lower Loop plants. The Davis-Besse 177-FA Raised Loop plant uses the
limiting thermal loads from the pressurizer surge line break or the continuous upper head

vent line break.

For the purposes of this Topical Report, “upper RCS hot leg large-bore piping” refers to
the RCS piping in both hot legs at elevations above the elevation of the reactor vessel exit
nozzle. In addition, the OTSG upper manways and inspection openings are also included
in the scope of this request and references in this report to the upper RCS hot leg are

intended to include those as well.

This Topical Report is applicable to both existing and replacement OTSGs.

2.2 Aspects of the Licensing Basis Affected by the Proposed Change

The deterministic approach of 10 CFR 50.46 uses conservative assumptions and
boundary conditions, which for the postulated upper hot leg break could create high
thermal loads that may result in predictions of tube failure when the upper bound tube
load is assessed with conservative deterministic safety margins prescribed in Draft RG
1.121. The scope of the proposed change to the licensing basis includes providing an
alternate, risk-informed basis for acceptability of the thermal loads on OTSG tubes, tube
repair products, and tube-to-tubesheet joints from large-bore upper hot leg pipe breaks.
Therefore, compliance with 10 CFR 50.46, 10 CFR 100 and Draft RG 1.121, with respect

to thermal loads on OTSG tubes, tube repair products, and tube-to-tubesheet joints, will
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be demonstrated using the limiting accident conditions from LOCA of RCS attached

pipes and MSLB, as applicable.

The ASME Boiler & Pressure Vessel (B&PV) Code currently allows exclusion of
secondary stresses (i.e., thermal stresses) from the OTSG for faulted conditions. Per the
ASME Code criteria, the pressure load from a large-bore RCS pipe break is a primary
load for the steam generators. However, this pressure load is small relative to other
design basis events, such as MSLB. Therefore, the discussion in this Topical Report will
focus on the OTSG thermal loads. As indicated in Appendix A, the potential OTSG
temperature differences (tube-to-shell AT) from large-bore RCS pipe breaks in the upper
hot leg are in excess of the current analysis for MSLB and LOCA of attached RCS pipes.
For most of the OTSG parts (e.g., shell, heads, tubesheets), the thermal loads are
classified as secondary stress per the ASME Code criteria and hence do not require
evaluation. However, for steam generator tubes, tube repair hardware, and tube-to-
tubesheet joints, the axial thermal load associated with the postulated large-bore RCS
pipe break event may not satisfy the ASME secondary stress classification. Therefore,
the scope of the proposed change includes providing an alternate, risk-informed basis for
acceptability of the thermal loads on OTSG tubes, tube repair products, and tube-to-
tubesheet joints from large-bore upper hot leg pipe break. The limiting accident
conditions from existing analyses of pipes attached to large-bore pipes (such as the
pressurizer surge line) and MSLB will be used for the thermal and pressure loads
associated with ASME Code evaluation of OTSG tubes, tube repair products, and tube-

to-tubesheet joints.

Approval of this report will provide regulatory acceptance that the thermal loads from
RCS upper hot leg breaks have been adequately addressed, on a risk-informed basis.
This will support the licensing basis for existing OTSG tube repair hardware and
maintenance practices. In addition, regulatory approval of the B&«WOG approach can be
referenced in the licensing basis of future repair products, maintenance practices, and
replacement steam generators. The design, testing, inspection, plugging/repair criteria,

physical and material properties, and integrity program of the OTSGs will not change as
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aresult of approval of the requested licensing basis change. It is not the intent of this
request to alter the ASME B&PV Code Section III or Construction Code requirements to
which the original OTSGs were designed and fabricated, nor to which the replacement
OTSGs are to be designed and fabricated. The intent is to not explicitly include thermal
loads from an upper hot leg large-bore RCS pipe break in the design specifications for all
OTSG Section XI and safety-related repairs, replacements, modifications, and inspections
of tubes, tube-to-tubesheet joints, and tube repair products. Although some licensing
documents (such as Final Safety Analysis Report text and Technical Specifications
references) may require revision, the design criteria currently practiced for the OTSG will
not change. In addition, there will be no changes to other SSCs, procedures or activities
as a result of the NRC’s approval of the B&WOG approach. Necessary document
revisions will be made by the individual licensees in accordance with applicable NRC

regulations.

The B&WOG reviewed 10 CFR 50 to determine if an exemption, pursuant to

10 CFR 50.12, is needed in order for the NRC to approve the requested change to the
OTSG licensing basis. (A B&WOG evaluation of the General Design Criteria is included
in Appendix D.) The review concluded that no exemption is required; however as
discussed in Appendix D, some of the GDC allow the use of probability to demonstrate
compliance. As a risk-informed submittal, this Topical Report supports the
demonstration of compliance with GDC 14 and the other GDC with respect to
demonstrating low probability of certain accident scenarios. This Topical Report
provides an alternate, risk-informed basis for acceptability of the thermal loads on OTSG
tubes, tube repair products, and tube-to-tubesheet joints induced by a upper hot leg large-
bore pipe break. Therefore, for the purpose of meeting the intent of the GDC with
respect to the thermal loads on OTSG tubes, tube repair products, and tube-to-tubesheet

joints, the limiting postulated accident is a LOCA in RCS attached pipe or MSLB.
There are no other aspects of the plants’ licensing basis, including regulations
(10 CFR 50), final safety analysis report (FSAR) analysis, Technical Specifications,

licensing conditions, or licensing commitments that are affected by the proposed change.
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2.3 Why the Proposed Change is Needed

Framatome ANP and the B&WOG have previously not included upper hot leg large-bore
pipe breaks in determining the bounding tube-to-shell temperature differences from
which thermal loads on the steam generator tubes were calculated. The analyzed loss of
primary system coolant events have been limited to lower hot leg pipe breaks or breaks in
smaller RCS attached pipes. These break sizes and locations (below the top of the steam
generator tubes) passively limit the magnitude of the shell-to-tube thermal difference.
The most recent analyses of the pressurizer surge line break resulted in temperature
differences between 225°F to 235°F (see Appendix A, Section A.4.2). Analysis of a
postulated guillotine break near the top of the large-bore hot leg predicted a maximum
plant-specific shell-to-tube thermal difference of between 350°F to 370°F, because it
results in additional tube cooling from the pumped emergency core cooling system

(ECCS) flow through the tubes to the break location.

Approval of the B&WOG request will reduce the potential for premature plugging of
steam generator tubes. If the acceptability of OTSG thermal loads were to be based upon
the upper hot leg large-bore pipe break, the limiting loads would result in additional
restrictions for tube repair products. This would result in additional tube plugging.

These consequences would be excessively burdensome and unnecessary, considering that
the likelihood of the postulated large-bore pipe break is very small (see Appendix C), and
the consequences of the resulting thermal loads on the steam generator (possible LOCA-

induced steam generator tube rupture) are not risk-significant (see Section 3.4).
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3.0 Engineering Analysis (Element 2): Development of
RG 1.174 Principles

This Topical Report was prepared following the guidance provided by Regulatory Guide
(RG) 1.174. This Section describes the engineering analysis. RG 1.174 states that when
using risk-informed decision-making, the proposed changes are expected to meet a set of
key principles, which span both traditional deterministic and risk analysis methods.
These principles (from RG 1.174) are:

1. Meets current regulations unless exemption is requested

2. Change is consistent with defense-in-depth philosophy

3. Change maintains sufficient safety margins

4. Increase in CDF or risk is small

5. Impact will be monitored using performance measurement strategies

These are described in the subsections below. Principle 5 is discussed in Section 4.

3.1 Meets Current Regulations

The proposed licensing basis change will not affect compliance with the current
regulations as specified in 10 CFR 50. The proposed change requires no specific
exemption (pursuant to 10 CFR 50.12) or petition for rulemaking (pursuant to

10 CFR 2.802). As discussed in Section 2.1, Section 2.2 and Appendix D, the B&WOG
has reviewed the regulations and has determined that an exemption is not required for the

NRC to approve the request.

3.2 Change is Consistent with Defense-in-Depth

The proposed licensing basis change is consistent with the defense-in-depth philosophy

as discussed in RG 1.174.
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The balance between prevention of core damage and prevention of containment
failure/consequence mitigation is not affected by consideration of OTSG tube loads
induced by large-bore RCS pipe break. The calculations presented in Section 3.4 show
that the relative proportion of CDF to large early release frequency (LERF) is maintained
when the LOCA-induced steam generator tube rupture (SGTR) scenarios are considered.
For these scenarios, the ALERF is about a factor of 20 less than the ACDF, which is in
the same approximate proportion as is typical for overall plant CDF and LERF. In
addition, neither the incremental CDF nor the incremental LERF from the LOCA-

induced SGTR is significant enough to affect the overall plant CDF or LERF.

Traditional defense-in-depth considerations are also maintained. The concepts of system
redundancy, independence, and diversity are not compromised by the proposed change.
As shown in Section 3.4, many failures must occur in order for core damage or large
radiological release to occur due to the LOCA-induced tube loads:

* alarge-bore pipe break in a specific location (the upper hot leg),

e steam generator (SG) tube pressure boundary damage,

e asecondary side isolation failure,

o a failure of ECCS Low Pressure Recirculation, and

e for alarge release, an unscrubbed release pathway via the secondary side/balance

of plant (BOP).

The independence of barriers is not degraded by the proposed licensing basis change. In
the unlikely event of significant tube leakage, the containment barrier is not lost unless
there are additional independent failures of secondary side isolation, and failure of

operator accident management response.

Plant and operator response varies depending upon the size of the break. The large-bore
pipe breaks that may lead to thermal loads in excess of the attached pipe break thermal
load are discussed in Appendix A. These breaks must occur in the upper hot leg large-
bore piping above the horizontal pipe run. The most limiting break locations are in the

U-bend of the upper hot leg. For these breaks, the ECCS refills the RCS including the
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hot leg and OTSG tube regions of the broken loop, and a continuous liquid flow through
the OTSG tubes and out the break is established. This liquid throughput cools the OTSG
tubes and can eventually result in a large tube-to-shell temperature difference, which
results in the higher tube loads. The larger size breaks, up to a double-ended guillotine

hot leg break, produce the highest OTSG tube thermal loads.

For the postulated upper hot leg large-bore pipe break scenarios, ECCS flow refills the
RCS and OTSG tubes causing the secondary side pressure to drop to a pressure
corresponding to the fluid temperature in the tubes. This pressure will tend to be less
than RCS pressure. For all the postulated break sizes, OTSG pressure decreases and
remains low (see Appendix A), leading to secondary side isolation. For those plants
having secondary plant protection systems (e.g., EFIC), secondary side isolation will be
achieved when OTSG pressure drops below predetermined values. For all plants,
cognitive skills provided by recurrent operations staff training reinforce the need to
address and mitigate upsets in plant processes. This provides reasonable assurance that
operations personnel, including control room and technical support center staff, will
address these plant conditions and isolate OTSGs, even in the absence of installed
secondary plant protection systems. This is reinforced by plant operations guidance that

isolates OTSGs following recovery from a LBLOCA.

For the upper hot leg large-bore pipe breaks, consequential failure of OTSG tubes 1s
postulated to occur along with an independent failure of secondary side isolation. If there
is significant primary-to-secondary leakage due to such an occurrence, plant operations
personnel will be alerted to the situation by an uncontrolled increase in OTSG level or by
radiation monitors that may detect radioisotopes in the reactor coolant passing through
the secondary side. Thus, isolation of the OTSGs, i.e., the secondary side, will occur and
the flow of reactor coolant through these lines will be terminated. Main steam safety
valve (MSSV) failure is unlikely because for the postulated event scenario SG pressure
decreases and remains low. For a double-ended guillotine break, the MSSVs will not be
challenged at all. For break sizes less than that, some safety valves may initially open in

response to reactor trip, but the secondary side pressure will drop so low (approaching an
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equilibrium pressure near atmospheric) that it is unlikely that the safety valves will
remain open. All secondary flow paths other than the MSSVs have redundant valves for

isolation and plant operations guidance provides valve lists for isolating the OTSGs.

Significant core (fuel barrier) damage will not occur unless there is a failure of ECCS.
However, substantial ECCS flow is required to produce the OTSG tube thermal loads that
are at issue. Therefore, a severe accident will not occur unless there is an independent
failure of ECCS later in the event (i.e., in the recirculation phase), or unless the
containment bypass through the postulated tube breaks and secondary side isolation
failure is allowed to continue until all of the ECCS and RCS inventory is lost out the
secondary side. In this case, there would be a period of time before the core uncovers
while operations staff will be making every effort to preserve and replenish ECCS

inventory (see Section 3.4.6).

The EOPs are separate and distinct from the 10 CFR 50 Appendix K analyses. While
Appendix K applications use only safety-related equipment to demonstrate compliance,
the EOPs instruct the operators to use safety as well as non-safety grade equipment that
may be available to maintain the ECCS function following a LOCA. Additional actions
will likely be directed by the shift technical advisor and technical support center,

including refilling the BWST from an alternate source of borated water.

The plant’s defenses against common cause failure and human errors are preserved.
Relative to human errors, plant procedures provide guidance on mitigation of transients
where OTSG tubes fail. No new accident initiators, common cause failures, or human
errors are introduced as a result of the proposed change. No changes to the operating
procedures, maintenance procedures, or SSC design are required to implement the

proposed change.

Table 3-1 provides a summary of the defense-in-depth considerations from RG 1.174.
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3.3 Change Preserves Sufficient Safety Margins

The design of the OTSG is governed by the requirements of Section III of the ASME
B&PV Code. Various editions were used to design the operating plants, but the
fundamental acceptance criteria are the same. Essentially, the ASME Code requires that
the components be designed so that the specified criteria are met for all design

conditions.

Once the plant is operating, the maintenance and repair of the plant is governed by
Section XI of the ASME Code, as well as applicable Regulatory Guides. For OTSGs, the
tubes are of particular interest. The NRC has issued guidance for licensees to ensure that
the tubes are inspected with sufficient frequency and with acceptable techniques, and that
criteria are developed that force the repair of tubes that have unacceptable levels of
degradation. Draft Regulatory Guide 1.121 contains the current requirements for
determining how degraded tubes are evaluated, including required safety margins. In
general, Draft RG 1.121 enforces the design requirements of the ASME Code, and in
addition specifies that tubes shall have a margin to burst of 3.0 for normal operating

conditions, and 1.4 for faulted conditions.

B&WOG plant programs provide assurance that the safety margins for OTSG tube
integrity and tube-to-tubesheet joint performance are maintained under analyzed limiting
conditions (i.e., RCS attached pipe break and MSLB). As discussed in Section 4,
operational assessments are performed to provide assurance that the OTSGs will maintain
their structural integrity and accident leakage integrity through each forthcoming cycle.
In addition, plugging and repair methods are qualified and implemented in accordance
with the applicable codes and regulations. These qualification reports include tests and
evaluations to demonstrate OTSG structural integrity and safety margin for the analyzed

limiting conditions (i.e., RCS attached pipe break and MSLB).

For the specific case of the thermal loads caused by a large-bore pipe break in the upper

RCS hot leg, the safety margin in OTSG tube integrity and tube-to-tubesheet joint
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performance may not be preserved. This may result in the possibility that some OTSG
tubes will fail during the unlikely event of a large-bore pipe break in the upper RCS hot
leg. However, the potential safety margin concession for this specific condition is
acceptable because the risk to public health and safety is “very small” according to the
acceptance guidelines of RG 1.174 (see Section 3.4). This is as demonstrated by minimal
changes in core damage frequency and large early release frequency, and maintenance of

defense-in-depth principles.

For all other design basis accidents, the OTSG safety margins are unaffected by the
requested change and the tubes, tube repair products, and tube-to-tubesheet joints will

continue to meet all existing regulations and requirements.

In the current OTSG licensing basis, the limiting accident conditions are RCS attached
pipe breaks and MSLB. With approval of the B&WOG request, the limiting accident
conditions will remain RCS attached pipe breaks and MSLB. Therefore, the existing
safety analysis ensures that the limiting events, considering risk significance, have been
evaluated, and that current safety margins are maintained. These limiting events have
been analyzed for OTSGs, and the resulting loads on the steam generator components
have been determined. The affected tube repair processes and products have been
confirmed by analysis or testing to meet the safety margins required by the ASME Code
and Draft RG 1.121, as applicable. Therefore, the design of the OTSG will continue to
meet the safety margins required by the applicable codes and standards after the

requested change is approved.
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Table 3-1 Disposition of Reg. Guide 1.174

Defense-in-Depth Considerations

CONSIDERATION

DISPOSITION

A reasonable balance is preserved among
prevention of core damage, prevention of
containment failure, and consequence
mitigation.

This balance is unaffected by this request.
The relative proportion of large early
releases to core damage is roughly the
same as a typical pressurized water reactor
(PWR) probabilistic risk assessment
(PRA). In addition, the scenarios of
concern are very low frequency, even when
bounding assumptions are used.

Over-reliance on programmatic activities to
compensate for weaknesses in plant design
is avoided.

No new programmatic activities are
involved.

System redundancy, independence, and
diversity are preserved commensurate with
the expected frequency, consequences of
challenges to the system, and uncertainties
(e.g., no risk outliers).

System redundancy, independence, and
diversity are unaffected by the requested
change to the licensing basis.

Defenses against potential common cause
failures are preserved, and the potential for
the introduction of new common cause
failure mechanisms is assessed.

No new common cause failures are
introduced by the requested change.
Existing common cause failures are not
impacted.

Independence of barriers is not degraded.

Multiple failures must occur before core
damage or large release. Containment
bypass requires independent failure of
secondary isolation and failure of backup
operator actions. High tube load scenario
requires full ECCS flow, which minimizes
fuel barrier degradation. Low RCS pressure
limits the driving force for leakage. Core
damage requires independent ECCS failure
or operator failure later in event.

Defenses against human errors are
preserved.

No new human errors are introduced by the
requested change. Existing operator
guidance is not affected by the change.

The intent of the General Design Criteria in
Appendix A to 10 CFR 50 is maintained.

The B&WOG performed an evaluation,
which demonstrates that the GDC are
maintained (see Appendix D).
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3.4 Change in CDF and LERF is Small

A bounding risk analysis has been performed to estimate the potential risk contribution
(i.e., ACDF and ALERF) from possible loss of OTSG tube integrity due to tube loads
induced by large-bore RCS pipe break. This represents the estimated risk impact of the
proposed licensing basis change, for comparison to RG 1.174 criteria. However, the
actual plant risk will not change as a result of NRC approval of the requested licensing
basis change. The risk will not change because there will be no change to any SSC,
inspection criteria, or test and maintenance program. The thermal loads from failure of
the large-bore piping have not been used to develop any OTSG design or operational
parameters. Accordingly, there is no incremental change in risk relative to the current
design. Nonetheless, the potential risk “increase” (i.e., ACDF and ALERF) from the
postulated LOCA-induced SGTR scenarios is estimated to show that the tube loads are

not risk significant (compared to RG 1.174 criteria).

3.4.1 Definition of LERF

For the purposes of determining the increase in risk, this analysis uses CDF and LERF as
the metrics for comparison to the acceptance guidelines of Regulatory Guide 1.174. The
definition of LERF from RG 1.174 has been adopted for this analysis. The following is
an excerpt from the RG 1.174:

The use of core damage frequency (CDF) and large early release
frequency (LERF) as bases for probabilistic risk assessment (PRA)
acceptance guidelines is an acceptable approach to addressing Principle 4.
... In this context, LERF ... is defined as the frequency of those accidents
leading to significant, unmitigated releases from containment in a time
frame prior to effective evacuation of the close-in population such that
there is a potential for early health 2ffects. Such accidents generally
include unscrubbed releases associated with early isolation.
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The PRA scenarios developed below use this definition of LERF. For the B&WOG
plants, the estimated time frame prior to the effective evacuation of the close-in
population is typically 3 to 5 hours. EOPs provide guidance for appropriate personnel to
assess emergency action levels (EALs), based on LOCA symptoms. This will initiate
nearly immediate notification of personnel/authorities responsible for site and general
emergency planning, including any necessary evacuation of local populations ensuring

that public health effects are minimized.

3.4.2 Development of LOCA-Induced SGTR Scenarios

The change in CDF and LERF associated with postulated LOCA-induced SGTR
scenarios is estimated below. This change in risk is that “new” risk from those LOCA-
induced tube loads that are not currently considered in the OTSG licensing basis, and
which therefore may produce event sequences/risk contributions that are not included in
the current B&WOG plant-specific PRAs. As indicated in Appendix A, only the OTSG
temperature differences (tube-to-shell AT) from large-bore RCS pipe breaks in the upper
hot leg are in excess of current safety analysis for MSLB and LOCAs in RCS attached
pipes. Hence, PRA scenarios are developed that involve LOCA-induced steam generator

tube rupture due to breaks in the upper RCS hot leg.

Figure 3-1 is an event tree illustrating the LOCA-induced SGTR scenarios. The
scenarios of interest begin with a LOCA in the large-bore piping in the upper (i.e., “candy
cane”) region of the RCS hot leg. ECCS refills the RCS including the hot leg and SG
tube regions of the broken loop, and a continuous liquid flow through the SG tubes and
out the break is established. This liquid throughput can eventually result in a large tube-
to-shell temperature difference, which is assumed to induce a SGTR. In Figure 3-1, only
sequences 2 through 4, and sequences 6 and 7 involve the LOCA-induced SGTR of '
interest. In order for the induced SGTR to be of consequence, with respect to CDF or
LERF, there must also be a failure of secondary side isolation. Thus, sequences 2and 6

are of no further interest because of successful secondary side isolation. Sequence 3 is
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also of no interest because ECCS recirculation is successful, and there is no core damage.
This leaves two LOCA-induced SGTR scenarios (sequences 4 and 7 from Figure 3-1)

that warrant further consideration.

As discussed, sequences 4 and 7 both start with a LOCA in the upper RCS hot leg. The
RCS is refilled by ECCS, which induces a SGTR in the broken RCS loop. Both
postulated scenarios involve secondary side isolation failure, but with different results. In
the first scenario (sequence 4), the isolation failure leads to eventual depletion of reactor
building (RB) sump inventory through the secondary side, which causes late core
damage. There is no large early release in this scenario. In the second scenario
(sequence 7), a large early release occurs because an independent failure of ECCS
recirculation results in early core damage at about 35 minutes after event initiation (the
success of ECCS is requisite for the induced SGTR). The release occurs via the
secondary side isolation failure. These sequences are treated in detail in the subsections

below.

It is noted that the thermally-induced tube loads from these events are not expected to
result in significant OTSG tube leakage. However, significant OTSG tube leakage is
conservatively assumed in the PRA sequences, so that the risk estimate will bound any
uncertainty associated with SG tube integrity. In addition, operator actions that are
credited for recovery from these events are treated with conservative values for human

error probability.
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Figure 3-1 Large-Bore Pipe Break Event Tree Considering Steam Generator Tube Failure
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Figure 3-1 (Continued)

Evaluation of Large-Bore Pipe Break Event Sequences

NEW
SEQ DESCRIPTION SCENARIO? DISCUSSION
] This sequence does not involve core damage. All necessary systems No Non-Core Damage Event
and structures function successfully.
2 This sequence does not involve core damage. All necessary §ysle1ps . No Non-Core Damage Event
function successfully and although the steam generator tube integrity is
challenged, secondary isolation ensures no significant release.
3 Thls sequence does not involve core damage. All necessary systems No Non-Core Damage Event
function successfully and although the steam generator tube integrity is
challenged, and secondary isolation does not occur, makeup of primary
inventory ensures no core damage.
4 This sequence mvolyes successful ECCS injection ?r,]d recircufation. Yes The traditional PRA would not have dealt with this scenario because
However, failure to isolate the secondary side and failure to makeup for . P .
. . . with the SGs intact, there would not have been a pathway for primary
ECCS sump inventory released over time to the secondary side leads to (CDE)
coolant to be lost.
core damage.
5 This sequence involves success of low pressure ECCS injection . - -
. . . . . . - . . N Considered in traditional PRA of Large LOCA.
followed by failure of ECCS during recirculation. It is considered in © ensicerec in fra &
the traditional PRA analysis of large LOCAs. SGs are intact.
6 Etﬁs seciiugncfe ,'an_Olv?;?é;ezs 9f low pr?si’ur.e ECéZS mje;“f," lati No LOCA with loss of ECCS recirculation is considered in traditional
(; lowe yda{ u1§do lead urﬁmg r(jacwf,u ation. gc}(]:e‘ss ul isolation PRA. There is a slight difference, in that it would typically not
N tlle Zecon ary side leads 10 a core damage event with containment consider secondary isolation. However, because the release is
isolated. prevented, this sequence does not result an increase in CDF or LERF
due to loss of SG integrity.
7 }‘};;S se%ugncfe ‘1lnvolv;:§3§:u(?§e(sjs O.f LOW pres?u;e ECIS S.llnjeft19n late th Yes The core damage contribution from this sequence would be
° ‘ovx(/je Y dallure(:jo (‘;rm" recireura 192' arure 10 158 ate the (LERF) considered in a traditional PRA. However, the failure to isolate the
secondary side leads to a core damage event wit contam‘ment ypass. secondary side leads to a new LERF scenario.
8 This sequence involves a failure of low pressure ECCS injection. It is No Considered in traditional PRA of Large LOCA.

considered in the traditional PRA analysis of large LOCAs and does not
challenge SG tube integrity.




3.4.2.1 Description of Sequence 4

Sequence 4 is a LOCA-induced SGTR with secondary side isolation failure, and core
damage due to eventual loss of RB sump inventory through the secondary side. The
failures required for an increase in CDF include:

e LOCA in large-bore RCS piping (initiating event); break is in specific RCS
location (upper hot leg) to induce high tube axial loads as a result of thermal
stresses,

e OTSG tube RCS pressure boundary failure,

e Coincident failure of secondary side isolation, that is not mitigated by operator
action, leading to loss of primary inventory and eventual ECCS recirculation

failure.

There is no increase in LERF for this sequence because there is no early release. An
early release is one in which the release is in a time frame prior to the effective
evacuation of the close-in population (see Section 3.4.1). In this sequence, core damage
does not occur early. A prerequisite of the induced OTSG tube failure is refilling of the
RCS and OTSG tubes with low enthalpy ECCS water. For large-bore piping failures that
lead to full ECCS flow rates and cause consequential OTSG tube failures, analysis
indicates that the maximum tube-to-shell differential temperature will occur between 12
and 15 minutes following event initiation (see Appendix A). Based on nominal ECCS
flow rates, about 50% of the available ECCS inventory will still remain in the borated
water storage tank (BWST) (for subsequent RCS injection) at the time of tube failure, if it
occurs. At this time, the depleted BWST inventory will have been transferred to the RB
sump via the postulated hot leg break and RB spray. It is assumed that primary inventory
Josses through a failed secondary side isolation point commence at the time of OTSG
tube failure. The remaining contents of the BWST will then pass to both the RB sump
and the failed secondary side isolation point. Since the pressures on both the primary and
secondary side of the OTSG will be low, and nearly equal, the driving force (AP) for
leakage losses will be small. Due to this and the resistance to flow associated with the

leak path through the secondary side, the flow rate through this path will be relatively
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small compared to that flowing to the RB sump via the hot leg break and RB spray.
Therefore, the majority of the remaining BWST inventory will be transferred to the RB
sump. Following ECCS suction transfer to the RB sump, the time to deplete the RB
sump inventory will depend on the leak rate through the failed OTSG tubes and
secondary side failed isolation point. Again, due to available primary to secondary AP
and resistance to flow associated with the leak path through the secondary side, the
majority of recirculating ECCS flow will return to the RB sump via the break and RB
spray. For this reason, loss of RB sump inventory through the secondary side leak will be
relatively slow allowing for an extended period of operation in the RB sump recirculation

mode prior to core damage. Hence, core damage, if it eventually occurs, will occur late.

EOPs provide guidance for appropriate personnel to assess EALs based on LOCA
symptoms. These symptoms will occur very early in the transient and will lead to EAL
notification of personnel/authorities responsible for site and general emergency planning,
including evacuation of local populations. Because of this, evacuation if necessary will

be accomplished in a timely fashion, thus minimizing public health effects.
3.4.2.2 Description of Sequence 7

Sequénce 7 1s a LOCA-induced SGTR, also with secondary side isolation failure.
However, core damage occurs early (at about 35 minutes after event initiation), following
depletion of the BWST, due to independent failure of ECCS recirculation. This scenario
does not represent an increase in CDF because it is already included in the plant PRAsS,
minus the induced SGTR. However, an increase in LERF is possible due to the assumed
SGTR (which occurs between 12 and 15 minutes after event initiation) and secondary
isolation failure. The failures required for an increase in LERF include:

*» LOCA in large-bore RCS piping (initiating event); break is in specific RCS
location (upper hot leg) to induce high tube axial loads as a result of thermal
stresses,

e OTSG tube RCS pressure boundary failure,

» Coincident secondary side isolation failure without mitigating operator action,
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e ECCS failure upon switchover to recirculation mode,

o Unscrubbed release pathway in secondary side/BOP.

3.4.2.3 Other Scenarios

In another postulated scenario (not shown on Figure 3-1), core damage is caused by
boron dilution from the secondary side (see Generic Issue 141 of NUREG-0933 [7]).
However, that scenario is not applicable to this issue. When the secondary side pressure
is greater than the primary side pressure, the tube-to-shell temperature difference is not
sufficient to cause tube failure. Later during the transient, when the thermal load-induced
tube failure could occur, secondary side pressure is either less than primary side pressure

or equilibrates near primary side pressure, i.e., 0 psi differential pressure.

For those plants having secondary plant protection systems (e.g., EFIC), secondary side
isolation will be achieved when OTSG pressure drops below predetermined values. For
all plants, cognitive skills provided by recurrent training reinforce the need to address and
mitigate upsets in plant processes. This provides reasonable assurance that operations
personnel, including control room and technical support center staff, will address these
plant conditions, e.g., low OTSG pressure and uncontrolled increase in OTSG level, and
isolate OTSGs, even in the absence of installed secondary plant protection systems.
During the recovery phase, static heads could lead to some limited RCS in-leakage,
especially if the tube failures occur at lower OTSG elevations. However, any minimal
RCS in-leakage would flow up the tubes with the ECCS liquid and out of the break.
Mixing in the sump could minimally reduce the overall sump concentration, but it would
be of no concern, even if the volume of fluid transferred to the RCS included the entire
OTSG secondary side inventory. For these reasons, boron dilution caused by flow from
the secondary side to the primary side is not a concern for the upper hot leg large-bore

pipe break, and will not be considered further in this Topical Report.

3-15



3.4.3 Initiating Event Frequency

3.4.3.1 Large-Bore Pipes

The break location of concern for the risk assessment is limited to the 36-inch ID pipe in
the “candy cane” portion of the hot leg above the elevation of the horizontal hot leg run
(see Appendix A). This is the only location where a break may possibly produce OTSG

tube thermal loads significantly in excess of those analyzed.

The initiating event frequency for this break is estimated using the method of Idaho
National Engineering & Environmental Laboratory (INEEL) from NUREG/CR-5750 [8].
INEEL used the Beliczey and Schulz Correlation to determine the frequency of a LOCA
in large pipe. As indicated in the NUREG, the correlation is supported by the work of the
Swedish Nuclear Power Inspectorate (SKI), Lawrence Livermore National Laboratory
(LLNL), Pacific Northwest National Laboratory (PNNL), and Battelle. The expected

frequency of any rupture of large-bore piping is given by:

ArR=ATw * (Prow)

where:
Ar = frequency of rupture
Atw = frequency of through-wall (TW) crack from historical experience

P rrw = conditional probability of any rupture given TW crack

The correlation for conditional probability of rupture given TW crack is:

P R/TW = 25/DN

where:

DN= nominal pipe diameter in mm

3-16



Since the 36-inch ID (42-inch OD) hot leg piping is custom made, it does not have a
“nominal” size. Therefore, the internal diameter (in millimeters) is used, which is
conservative:

DN =914 mm

Thus:
P rw =2.5/914 =0.0027

The frequency of a TW crack is determined from historical experience. As indicated in
the NUREG, a few TW cracks have occurred in small piping. Most of these have
occurred in pipe sizes of 2 inches to 6 inches in diameter. The largest pipe experiencing a
TW crack identified in the INEEL data was in an 8-inch diameter pipe in a foreign
reactor. In the 3362 calendar years of world-wide pressurized water reactor (PWR)
experience that was surveyed by INEEL, no TW cracks occurred in large-diameter pipes.
Subsequent to the INEEL evaluation, there has been one TW crack, which was identified
at the V. C. Summer nuclear power plant. This was a small axially oriented crack in the
lower part of the hot leg near the reactor vessel connection. Appendix C contains an
evaluation of the RCS hot leg piping in the B&WOG plants, which supports the

conclusion that a TW crack in the large-bore RCS piping is extremely unlikely.

Therefore, if one TW crack is assumed to have occurred in a 36-inch diameter pipe
during 3362 years of operation, then the frequency of through-wall cracking in a 36-inch
pipe is:

Arw = 1/3362 yr =3 x 10%/yr

And the estimated frequency of the 36-inch pipe break is:

Az = 8 x 107 /calendar year
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This initiating event frequency applies to all of the 36-inch RCS piping. Only the pipe in
the upper “candy cane” portion of the hot leg is of interest with respect to large-bore pipe
break-induced SGTR. In addition, the Beliczey and Schulz Correlation computes the
total frequency of all ruptures of the pipe, including not only the bounding double-ended
break, but also smaller ruptures that may challenge OTSG tube integrity to a lesser
extent. Therefore, use of this initiating event frequency in the risk calculations is

conservative.

This initiating event frequency reconciles favorably with the LBLOCA initiating event
frequencies used in the B&WOG PRAs. Most of the B&WOG members are already
using NUREG/CR-5750 for their LOCA initiating event frequencies, are transitioning to
its use, or are using comparable values. However, the LBLOCA frequency reported in
NUREG/CR-5750 is for pipe sizes of 8 inches and up. The large-bore 36-inch RCS
piping is a subset of the pipe sizes that are considered in the LBLOCA category.
Therefore as expected, the frequency of the 36-inch pipe break is less than for all
LBLOCAs.

3.4.3.2 Manways

A LOCA initiating event via failure of the OTSG upper manway or inspection opening is
unlikely. Appendix B discusses the B&WOG review of .potential manway and inspection
opening degradation mechanisms. The review concluded that there is no credible failure
mode of any manway or inspection opening component that could result in catastrophic
failure of the RCS pressure boundary resulting in a LOCA. Appendix B also discusses
the design, inspection, and procedural precautions that are employed to ensure proper

installation of manways and inspection openings.

There has been no history of LOCA initiators or precursors caused by manway or
inspection opening failures. The research performed by INEEL in the development of
NUREG/CR-5750 included an exhaustive search of worldwide operating history for RCS

pressure boundary failures. There is no indication from the INEEL work that manways
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or inspection openings should be considered separately in the LOCA initiating event

frequencies. Consequently, it is the conclusion of the B&WOG that the frequency of
manway or inspection opening failure is small relative to the frequency of pipe break.
Therefore the LOCA initiating event frequency based on large-bore pipe break can be

considered representative.

3.4.4 Assumption of OTSG Tube RCS Pressure Boundary Damage

For a large-bore pipe break located in the hot leg candy cane, the thermally-induced tube
loads are not expected to result in significant tube leakage. In addition, when breaks
produce a high tube-to-shell temperature difference, at that time and for the duration of
the event, the pressure difference across the tubes is small. However, for the purpose of
the risk evaluation, significant OTSG tube RCS pressure boundary damage is assumed
(e.g., failure of multiple tubes). This allows the risk assessment to calculate a bounding‘

risk increase irrespective of any uncertainty in tube integrity.

Sequence 4, which impacts only CDF, requires significant loss of primary inventory via
the failed OTSG tubes. Sequence 7, which results in an increase in LERF, requires a
large release pathway via the failed OTSG tubes. Although failure of the OTSG primary-
to-secondary pressure boundary is considered unlikely, the risk evaluation will assign a

conservative value of 1.0 to this conditional probability.

The assumption of significant tube leakage for this event is conservative. If a large break
in the upper hot leg is postulated, a substantial steam generator tube-to-shell temperature
difference can be generated between 12 and 15 minutes after break initiation. This
temperature difference can create high OTSG tube loads that may cause some tubes to
exceed elastic strain limits. Unflawed tubes may yield and deform slightly, but their
function as a primary-to-secondary isolation boundary will not be compromised.
However, if an unplugged tube has a significant undetected flaw, its ability to maintain

the integrity of the effective boundary isolation is less assured. The type and location of
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the flaw as well as its position within the steam generator are all critical to its
performance in the long term. Even so, it is likely that the critical flaw size would be
detected with standard SG tube inspection techniques prior to the point when the large-
bore pipe break loads would challenge these tubes. Furthermore, the steam generator
integrity programs, through implementation of NEI 97-06 (see Section 4.0), provide

assurance that a large quantity of undetected significant flaws is unlikely.

The OTSG tube differential temperature estimates are also conservative because they are
based on ECCS water temperature of 35 to 40°F. In fact, this temperature represents a
Technical Specification limit. Actual ECCS water temperature is considerably greater
than this due to conditions such as BWST tank heating in cold climates and relatively

warm ambient air temperatures in warm climates.

Therefore, the assumption that multiple tubes would fail under large-bore pipe break
conditions is very conservative. Nonetheless, significant primary-to-secondary leakage is
assumed for these scenarios, so that the risk estimate will bound any uncertainty

associated with SG tube integrity.

3.4.5 Secondary Side Isolation Failure

For the OTSG tube rupture to have an impact on CDF or LERF, there must also be an
isolation failure on the secondary side. For the ACDF sequence (sequence 4), there must
be a leakage path for primary inventory through the secondary side. For the ALERF
sequence (sequence 7), there must be a pathway for release. Unless there is coincident
failure of secondary side isolation, there is no driving force (i.e., AP) for primary-to-
secondary leakage through the failed OTSG tubes. Due to low RCS pressure (and
decreasing due to systems providing RB energy removal) the AP between the primary
and secondary of the faulted OTSG will approximate a rapid asymptotic approach toward
equilibrium at atmospheric pressure. Because of this, any sustained tube leakage will

occur at relatively low flow rates. In addition, for those plants that have secondary plant
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protection systems that isolate steam and feedwater systems on low SG pressure, €.g.,

600 psig, isolation of a secondary leak will likely occur early in the transient.

For the postulated event of a large-bore pipe break such as a double-ended break of a hot
leg, reactor coolant (RC) subcooled margin (SCM) will be lost within seconds following
event initiation. EOPs will, based on loss of SCM, direct operators to trip RC pumps,
initiate full ECCS flow, verify core flood tanks (CFTs) discharge, and ensure RB spray
and other appropriate RB cooling systems are operating. In the postulated situation,
ECCS will be at full flow, CFTs will have fully discharged with RCS and RB pressures
initially equilibrating at about 50 psig; RB spray and other RB cooling systems will be in
operation. These are classic indications of a LBLOCA. Therefore, with full ECCS flow
rates being provided and OTSG pressures collapsing near to RCS pressure, there is
clearly no need for OTSG operation to augment core energy removal beyond that being
automatically transferred to the RB. Hence, this rapid and near complete OTSG
depressurization will lead to OTSG isolation. For those plants having secondary plant
protection systems (e.g., EFIC), secondary side isolation will be achieved automatically
when OTSG pressure drops below predetermined values. The automatic isolation is
verified and confirmed via operator action in accordance with plant procedures. For all
plants, recurrent training reinforces the need to mitigate upsets in plant processes.
Therefore, operations personnel, including control room and technical support center
staff, will address these plant conditions and isolate OTSGs, even in the absence of
installed secondary plant protection systems. This is reinforced by plant operations
guidance that isolates OTSGs following recovery from a LBLOCA. Once the OTSGs are
isolated, the flow of consequential tube leakage through the secondary side would be

terminated.

In the postulated sequences, consequential failure of OTSG tubes is assumed to occur
along with independent failure of secondary side isolation. If there is significant primary-
to-secondary leakage due to such an occurrence, plant operations personnel will be
alerted to the situation by an uncontrolled increase in OTSG level or by radiation

monitors that may detect radioisotopes in the reactor coolant passing through the
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secondary side. Isolation of the OTSGs, i.e., the secondary side, will then occur and the
flow of reactor coolant through these lines will be terminated. Since RCS pressure

rapidly decreases and remains low, MSSV failure is unlikely for the postulated scenario.

For the largest break sizes, such as the double-ended guillotine break, the MSSVs will not
be challenged. For break sizes less than that, some safety valves may initially open in
response to reactor trip, but there would not be cycling such as might occur for small
breaks and other transients. For the postulated upper hot leg break sequences, the
secondary side pressure will drop to below 50 psig and remain there. It is unlikely that
the safety valves would remain failed open at these pressures. It is very rare for a safety
valve to fail to reclose all the way down to low pressures; usually when a safety valve
failure is categorized “failure to reclose,” it actually reclosed at some lower than desired
pressure. The main steam safety valves are therefore expected to reclose before complete
depressurization, i.e., to pressures less than 50 psig. When the OTSG experiences the
high tube-to-shell differential temperature (that may induce tube rupture), the secondary
pressure will already be below 50 psig. Therefore, there is no possibility of dependent
failure due to primary water passing through the safety valves and contributing to their

failure rate.

For this risk analysis, a probability of 0.01 has been assigned for failure of secondary
isolation. This is a conservative value based upon secondary side valve failure
probabilities in the B&WOG PRAs and engineering judgement, and considers human

performance as supported by plant integrated emergency drills.

3.4.6 Operator Recovery Action Before Sump Depletion

This failure probability involves failure of operator recovery before the usable RCS
inventory in the reactor building sump is depleted via the ruptured SG tubes. This failure

probability only applies to the CDF sequence (sequence 4).
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The potential loss of inventory will occur following a period of operation in the ECCS
recirculation phase (see Section 3.4.2.1 for additional details). The time required to
deplete the primary inventory via the failed OTSG tubes will depend upon their
associated leak rate and the secondary side leak rate (downstream of the isolation failure).
Pressures on both the primary and secondary side of the OTSG will be low (approaching
an equilibrium pressure near atmospheric). This, in conjunction with resistance to flow
of the leak path through the secondary side, will reduce flow rates through this path to
relatively small values when compared to those being returned to the RB sump via the
hot leg break and RB spray. The respective elevations of the competing flow paths may
also play a role. Loss of sump inventory, and subsequent ECCS pump failure will be a
slow process. Hence, there will be adequate time for operator action to isolate the faulted

SG and/or replenish primary inventory.

Operations staff, including control room and technical support center personnel, receive
recurrent training on cognitive skills that includes post-LOCA recovery diagnostics. This
includes the need to monitor available RCS injection sources with emphasis on the
BWST and RB sump inventories. Decreasing level in the RB sump will prompt
operations personnel to consider and institute measures to commence makeup to the

BWST.

In the absence of initial secondary side isolation, continuing prompts for secondary side
isolation will occur as the quantity of RCS inventory lost through the failed OTSG tubes
increases. This reactor coolant will continue to affect OTSG level and pass through the
secondary side where radiation monitors may detect radioisotopes. This will alert plant
operations personnel to continue efforts to isolate the SGs and terminate the flow of
reactor coolant through these lines. Secondary side isolation also terminates the loss of

RC from the RB sump.

For sequence 4, operator recovery opportunities include isolation of the secondary side
leakage and replenishment of the primary inventory. Also, the B&WOG Emergency

Operating Procedures Technical Bases Document, Revision 09 [9], includes guidance to
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throttle low pressure injection (LPI) flow to maintain minimum SCM during recovery
from LOCAs. When fully implemented, this guidance provides for reducing ECCS flows
for break sizes less than full double-ended guillotine, thus reducing flow rates through
failed tubes (as well as reducing tube load). The lower the secondary side leak rate, the

longer the recovery time will be before onset of core damage.

A conservative human error probability (HEP) of 0.1 is assumed for these operator
actions. Utility programs such as licensed operator training and integrated emergency

drills ensure that the assumed HEP will continue to be conservative.

3.4.7 Probability of Independent ECCS Recirculation Failure

For the LERF sequence (sequence 7), there must be an independent failure of ECCS
recirculation, conditional upon success of ECCS injection. This is most likely to occur
due to failure to successfully switchover the source for LPI pump suction from the BWST
(injection mode) to the reactor building sump (recirculation mode). Based on a review of

the B& WOG PRAs, a conservative probability for late failure of ECCS is 0.05.

3.4.8 Conditional Probability of Large Release

The conditional probability of a large release applies to the LERF sequence (sequence 7).
Sequence 7 is a LOCA-induced SGTR, with secondary side isolation failure. There is a
successful ECCS injection phase and depletion of the BWST. However, “early” core
damage is assumed to occur at about 35 minutes after event initiation because of an
independent failure of ECCS (see Section 3.4.7) that causes a failure to establish low
pressure recirculation (probably due to failure of suction switchover to the RB sump).
For a “large” release to occur, there must be a large unscrubbed release pathway via the

secondary side or BOP to the atmosphere.
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LERF is possible due to the assumed SGTR. The tube rupture is assumed to occur
between 12 and 15 minutes after event initiation (see Appendix A). Therefore, primary
system fluid will be leaking out of the ruptured OTSG tubes into the secondary side for at
least 20 minutes before core damage occurs. This will provide some water in the

secondary side for scrubbing, even if feedwater has been isolated.

The location of the failed secondary side isolation valve is also a factor. It is unlikely that
an MSSV is stuck open in this scenario (see Section 3.4.5). It is much more likely that
the isolation failure involves another path. Leaks can occur through the turbine bypass
valves (TBVs), turbine-driven emergency feedwater pump steam supply valves
(however, the pump will not be running), and atmospheric dump valves (ADVs should
not be aligned). Leaks through ADVs and turbine-driven emergency feedwater pumps
will discharge to the atmosphere, while leaks through the TBVs will discharge to the
condenser. However, all of these pathways have redundant valves for isolation. Use of
these isolation methods would follow an alert to the operations staff that RC is flowing
through the secondary side piping. Such alerts would be provided by radiation monitors
that would detect radioactive isotopes in the RC. Also, in this situation core, damage has
occurred, hence, severe accident guidance may be invoked. This guidance has as its
basic objectives cooling the overheated core, maintaining remaining fission product
barriers, and minimizing release of fission products to the environment. Emphasis is
placed on monitoring the fission product boundaries, including the OTSG tubes; hence,
the RC (i.e., as steam accompanied by gases) flowing through the secondary piping
would be detected by radiation monitors, and by other means depending upon plant-
specific severe accident guidance. This would lead to isolation of the OTSGs, thus

terminating the release.

Low primary system pressures will limit the driving force for the flow of fission products
out the secondary side. Water present on the secondary side, either from feedwater or
deposited by the SGTR, will provide particulate scrubbing. Secondary side pathways via

the BOP will be circuitous and/or scrubbed by water present in the BOP. Consequently,
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most particulates are likely to be deposited in water or on surfaces before getting out to

the atmosphere.

A conservative value for the conditional probability of large release of 0.1 is assumed,
based upon the likelihood of scrubbing by water in the secondary side, additional
isolation opportunity, and/or fission product deposition in the BOP. This value is
consistent with conditional LERF values used for other SGTR sequences in the B&WOG
PRAs. -~

3.4.9 Calculation of ACDF and ALERF

Tables 3-2 and 3-3 show the quantification of the PRA sequences developed above.
These tables represent the potential risk increase (in terms of CDF and LERF) associated
with not explicitly including thermal loads from the upper hot leg large-bore RCS pipe
break in the OTSG design basis. In estimating the risk, it was conservatively assumed
that the thermal loads caused by the large-bore pipe break would result in significant
leakage through the OTSG tube RCS pressure boundary. This assumption was made in
order to bound any uncertainty in the OTSG tube structural safety margins for this event.
Even with the assumption that OTSG tube failure resulting in significant leakage is a
certainty, the ACDF is less than 8 x IO'IO/year, and the ALERF is less than 4 x 10" /year.

Relative to the guidelines in RG 1.174, this is considered a “very small” risk increase.

Table 3-4 summarizes the various conservatisms used in this risk analysis. The table
illustrates the bounding nature of these risk estimates. This ensures that the incremental
risk (i.e., ACDF and ALERF) associated with possible loss of OTSG tube integrity due to
LOCA-induced thermal loads has been conservatively estimated, and bounds the risk

impact of the proposed licensing basis change.
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Table 3-2 ACDF (Sequence 4)

Failure

LOCA in hot leg candy cane

8 x 107/ year

Significant OTSG tube damage
(e.g., failure of multiple tubes)

1.0 (conservative)

Secondary isolation fails 0.01
Recovery actions fail to
prevent sump depletion before 0.1

ECCS recirculation failure/
core damage

<8 x 10"year

Table 3-3 ALERF (Sequence 7)

Failure

LOCA in hot leg candy cane

8 x 107/ year

Significant OTSG tube damage
(e.g., failure of multiple tubes)

1.0 (conservative)

Secondary isolation fails 0.01
ECCS recirculation failure 0.05
Conditional probability of 01
large release )
<4 x 10" /year
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Table 3-4 Summary of Conservatisms in PRA Calculations

ELEMENT OF RISK ANALYSIS CONSERVATISMS APPLIES TO
Estimate of Large-bore Pipe LOCA Bounding estimate of break frequency based on all 36” RCS Sequences 4 & 7
Frequency pipe

Includes all ruptures, even those too small to cause SG
challenge
SG Tube Pressure Boundary Damage Bounded by assumption that significant leakage occurs (P=1.0) | Sequences 4 & 7
Significant tube leakage is not expected
Thermal-hydraulic analyses that compute differential
temperatures are bounding, but applied to all conditions (e.g.,
Tech. Spec. minimum ECCS water temperature used, main
feedwater terminated at t=0, etc.)
Secondary Isolation Low primary and secondary side pressure make MSSV failure Sequences 4 & 7
unlikely
No liquid challenge to MSSVs
Operator guidance/training addresses necessary actions
Conservative HEP
Prevent Depletion of ECCS Sump Low driving force (AP) for loss of inventory Sequence 4
Long time before loss of ECCS
BWST makeup available
Failure of Low Pressure ECCS Bounding failure rate from B&WOG PRAs Sequence 7
Recirculation
Conditional Probability of Large Release Low primary system pressures limit the flow rate of fission Sequence 7

products to the secondary side
The secondary side is a circuitous pathway to the environment
Pathway is likely to be wet, providing scrubbing
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4.0 Implementation and Monitoring (Element 3)

Each B&WOG plant has performance monitoring programs that meet the requirements of
Element 3 of Regulatory Guide 1.174. These programs will ensure that no adverse
degradation occurs because of the proposed changes to the licensing basis, and that the
performance of the SSCs that are relied upon to justify the proposed change to the
licensing basis will be maintained. Existing plant programs, such as the Maintenance
Rule, will track and trend equipment performance and provide early indication in case of
unanticipated degradation in the reliability or availability of SSCs related to the proposed

change.

The risk evaluation performed in Section 3.4 (i.e., estimation of ACDF and ALERF)
relies on certain assumptions concerning the integrity of the RCS and the low likelihood
of a LOCA in the large-bore hot leg piping. There are a variety of programs currently in
place that monitor the condition and integrity of the RCS. These programs verify that
changes in condition have not occurred that may impact the LOCA initiating event
frequency. The programs applicable to the large-bore pipe break initiating event

frequency include:

e The ASME Section X1 inservice inspection (ISI) program, which is responsible for
periodic examination of RCS welds, bolting, and component supports, and pressure

testing of the RCS.

o Technical Specification leakage limits, which require the plants to closely monitor
RCS leakage. If leakage is detected, a root cause evaluation is performed in
accordance with each plant’s 10 CFR 50, Appendix B requirements and corrective
measures are taken to prevent future occurrences. All the B&WOG plants have
Technical Specifications, which require plant shutdown in the event of excessive RCS

leakage.



e The NRC’s new Oversight Program, in which primary system leakage is one of the

Performance Indicators.

¢ 10 CFR 50.65 (Maintenance Rule), which requires that primary system functions be
monitored for reliability and availability. The B&WOG plants have functional
performance criteria for RCS integrity. If RCS leakage Technical Specification limits
are exceeded, the RCS would go into Maintenance Rule category a(1) and a root
cause analysis would be performed, a performance improvement plan and goals
would be developed, and additional monitoring would be performed until the system

performance 1s shown to be acceptable.

These programs help ensure the integrity of the RCS and preserve the low probability of

a break in the large-bore piping.

The risk evaluation performed in Section 3.4 also relies on certain assumptions
concerning the reliability and availability of plant equipment. Monitoring of SSC
performance, including SSCs that may be used to mitigate this event, is included in the
scope of the Maintenance Rule. The Maintenance Rule ensures that there will be plant-
specific performance criteria for these SSCs, including the valves important to secondary
side isolation and ECCS recirculation. Decreasing reliability or availability, which may
affect risk, will be identified by the Maintenance Rule and corrected. These SSCs are
also subject to other plant programs, such as the valve programs, inservice testing, and

Technical Specifications.

In addition, any unforeseen impact of the proposed licensing basis change upon steam
generator integrity will be identified by the utilities’ steam generator integrity programs.
The B&WOG utilities have programs that will ensure continued steam generator
integrity. The programs include the following steps, which satisfy the monitoring,

trending, and feedback requirements of RG 1.174:
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1.

Tube Inspections

Tube inspections monitor defects that may be present in the steam generator, identify
tubes containing defects, and estimate the size of these defects. Non-destructive

examinations are mandated by plant Technical Specifications.

Condition Monitoring

The B&WOG plants perform condition monitoring assessments after tube inspections
to verify that the tubes would have maintained structural integrity and accident
leakage integrity for the most limiting postulated design basis accident. The
probability of a tube rupture during the operating cycle prior to the inspection must be

shown to have been low.

Operational Assessments

The B&WOG plants perform operational assessments to project the end-of-cycle
condition of the steam generators and verify that the projected leakage during the
forthcoming cycle of operation is acceptable. These assessments must conclude that
the steamn generators are projected to maintain their structural integrity and accident
leakage integrity through the last day of the forthcoming cycle for the most limiting
postulated design basis accident. The probability of a tube rupture during the

forthcoming cycle must be shown to be low.

Tube Plugging or Repairs
The B&WOG plant Technical Specifications require that steam generator tubes found

to be unserviceable during inspections be removed from service or repaired prior to

plant start-up. Plugging and repair methods are developed, qualified, and
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implemented in accordance with the applicable provisions of the ASME code and 10

CFR 50, Appendices A and B.

5. Corrective Actions

All of the B&WOG plants have corrective action programs under which any
significant steam generator problems must be identified and tracked. These programs
also require that corrective actions for the problems be identified. For example, if
condition monitoring failed to confirm that the steam generator performance criteria
were satisfied, the following actions would be required prior to plant start-up from the

inspection outage:

» assessment of causal factors (for example, a new or unexpected degradation
mechanism or defect type, insufficient sample sizes for tube inspection,
unexpectedly high defect growth rates, less than expected performance of NDE
techniques and/or personnel, or deficiencies in predictive methodology for

operational assessment), and
+ implementation of corrective actions.
6. Steam Generator Leakage Monitoring
The B&WOG plants have Technical Specifications, which require steam generator
leakage monitoring, and specify leakage limits. The goal of the B&WOG plant
leakage monitoring is to provide clear, accurate, and timely information on

operational leakage to allow timely remedial actions to be taken to prevent tube

rupture or burst, or to facilitate the mitigation of any tube rupture or burst event.

The existing B&WOG plant steam generator monitoring and maintenance programs

described above are among those that help ensure that unanticipated degradation of steam
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generator performance related to the proposed licensing basis change will be identified
early and corrected. It is also notable that all of the B&WOG utilities have indicated they
intend to comply with the steam generator program requirements described in

NEI97-06 [10].
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5.0 Summary and Conclusions

This Topical Report presents a technical justification for changing the licensing basis of
B&W-designed nuclear power plants. The requested change to the licensing basis is to
establish a risk-informed basis for the acceptability of postulated thermal loads on OTSG
tubes, tube repair products, and tube-to-tubesheet joints induced by a LOCA in the large-
bore piping of the RCS upper hot leg. The justification for the requested change is that
the OTSG thermal loads from a large-bore pipe break in the upper RCS hot leg (including
OTSG upper manways and inspection openings) present a “very small” risk to public
health and safety per the acceptance guidelines of RG 1.174. The risk-informed
evaluation presented in this report demonstrates the acceptability of thermal loads on
OTSG tubes, tube repair products and tube-to-tubesheet joints from a break in the upper
hot leg large-bore piping. Therefore, the acceptability of OTSG thermal loads will be
based on this report, and on deterministic evaluation of the previously analyzed limiting

accident, which is either a LOCA in RCS attached piping or MSLB.

The justification provided for the proposed licensing basis change has been prepared in
accordance with the guidance of Regulatory Guide 1.174, and constitutes a risk-informed
approach. The principles from RG 1.174 have been demonstrated for the proposed
change:

e Meets current regulations

o Is consistent with defense-in-depth philosophy

¢ Maintains sufficient safety margins

e Increase in risk is small

o Impact will be monitored using performance measurement strategies

The contribution to plant risk (i.e., ACDF and ALERF) from the postulated LOCA-
induced SGTR scenarios has been estimated and it has been shown that they are not risk-
significant using the probabilistic and deterministic framework of RG 1.174. PRA
sequences have been developed that conservatively assume LOCA-induced steam

generator tube rupture due to breaks in large-bore RCS piping. Significant primary-to-
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secondary OTSG leakage is assumed for these sequences, so that the risk estimate will
bound any uncertainty associated with SG tube integrity. The estimated ACDF and
ALERF associated with the postulated LOCA-induced steam generator tube rupture are
shown to be very small relative to the acceptance guidelines in RG 1.174 and defense-in-
depth principles are shown to be preserved. These results demonstrate that OT'SG
thermal loads from hypothesized upper hot leg large-bore pipe breaks (including OTSG
upper manways and inspection openings) have been adequately addressed, and that use of
the limiting thermal loads from other analyses (attached pipe LOCA and MSLB) is
appropriate for meeting the requirements of the licensing basis for OTSG tubes, tube

repair products, and tube-to-tubesheet joints.
The B&WOG believes that it has demonstrated that the proposed change to the licensing

basis will not adversely impact risk to the health and safety of the public, and that NRC

approval is justified.
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LOCA Thermal-Hydraulic Evaluation of Maximum Tube-to-

Shell Temperature Differences

A.1 Introduction and Background

A postulated loss-of-coolant accident (LOCA) is one of the faulted-condition design
transients considered to determine the potentially bounding loads for steam generator
component design. The dynamic and jet impingement loads from full area guillotine
breaks in the large-bore reactor coolant system (RCS) pipes were originally used in
structural analyses for the once-through steam generator (OTSG). These breaks have
been excluded from the design calculations by taking credit for Nuclear Regulatory
Commission (NRC) approved leak-before-break (LBB) qualifications in BAW 1847
[A-1] on the large-bore RCS piping. The component design parameters have been
subsequently evaluated by using loads calculated for the largest postulated attached pipe
breaks, including the pressurizer surge line, core flood lines, and decay heat drop line.
The dynamic loads from these smaller break sizes produce reduced loads that have been

credited in a variety of licensing analysis applications.

Framatome ANP and the B&W Owners Group (B&WOG) implicitly credited LBB
considerations in determining the bounding tube-to-shell temperature differences from
which thermal loads on the steam generator tubes were calculated. Therefore, because the
tube thermal loads from a non-mechanistic break in the upper hot leg large-bore pipe
have not been rigorously analyzed, they must be included in the consideration of this
Regulatory Guide 1.174 risk-informed submittal. This appendix is included to provide

the thermal-hydraulic information necessary for that consideration.

In support of this risk-informed submittal, an evaluation of the expected tube-to-shell
thermal consequence from any break in the large-bore RCS piping was completed. This

evaluation postulated a non-mechanistic break in any RCS pipe (cold leg pump discharge
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(CLPD), cold leg pump suction (CLPS), hot leg, and large attached pipes) of any size up
to and including a double-ended guillotine break. By reviewing the RCS thermal-
hydraulic behavior following this spectrum of breaks, the worst break sizes and locations
were determined, and a representative thermal-hydraulic analysis was completed to
predict typical generic tube-to-shell temperature differences. These results w