Tennessee Valley Authority, Post Office Box 2000, Decatur, Alabama 35609

June 1, 2000 10 CFR 50.55a(a) (3) (1)

U.S. Nuclear Regulatcocry Commission
ATTN: Document Control Desk
Washington, D.C. 20555

Gentlemen:

In the Matter of ) Docket No. 50-260
Tennessee Valley Authority )

BROWNS FERRY NUCLEAR PLANT (BFN) - UNIT 2 - REQUEST FOR
APPROVAL OF THE BFN AMERICAN SOCIETY OF MECHANICAL ENGINEERS
(ASME) SECTION XI ALTERNATE INSERVICE INSPECTION PROGRAM -
RISK INFORMED INSERVICE INSPECTION (RI-ISI) PROGRAM TAC NO.
MAB873

Pursuant to 10 CFR 50.55a(a) (3) (i) and Generic Letter

(GL) 88-01, TVA requests NRC to review and approve the BFN
Unit 2 RI-ISI program (Enclosure 1). The RI-ISI program is
an alternative to the current ASME Section XI inservice
inspection requirements for Code Class 1, 2, and 3 piping.
The program also provides an alternative to the inspection
requirements of Intergranular Stress Corrosion Cracking
(IGSCC) Category “A” welds. This program was developed in
accordance with the Westinghouse Owners Group Topical Report
WCAP-14572, Revision 1-NP-A (with some deviations) and the
guidance contained in GL 88-01. .

The NRC letter to TVA dated February 11, 2000, approved the
BFN Unit 3 RI-ISI program. The same rules and principles
that were used for the Unit 3 RI-ISI program were applied to
the BFN Unit 2 RI-ISI program. The physical design of the
Unit 2 and Unit 3 are essentially identical. The BFN Unit 2
Residual Heat Removal (RHR) system has the cross-connect
capability to both Units 1 and 3 while Unit 3 has a cross-
connect to Unit 2 only. The BFN Unit 2 RI-ISI program
analysis results in a risk neutral application, while the
Unit 3 analysis results in a risk reduction. The differences
in results are: (1) the different pipe stresses and materials
between the two units results in different failure rates; and
(2) the difference in RHR cross-tie capability results in a

different Core Damage frequency between the units.
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The Unit 2 program supports the conclusion that the proposed
alternative provides an acceptable level of quality and
safety as required by 10 CFR 50.55a(a) (3) (1). OQuality is
enhanced because the required inspections are specifically
tailored to an identified failure mechanism and, where
applicable, utilize existing programs with specified
performance standards. Safety of the plant is unchanged.
Further, there is no impact on current safety margins from
the implementation of this program.

BFN Unit 2 is in the third period of the Second Ten-Year
Inspection Interval. The code of record for Unit 2 is the
1986 Edition (no addenda) of the ASME Boiler and Pressure
Vessel Code, Section XI, Division 1 in accordance with 10 CFR
50.55a(g) (4) . Additionally, in accordance with 10 CFR
50.55a(b) (2) (ii), the extent of examination for Examination
Category B-J welds is in accordance with the 1974 Edition,
Summer 1975 Addenda of ASME Section XI.

On May 24, 2000, TVA met with the NRC Staff to discuss the
proposed BFN Unit 2 RI-ISI program submittal. As discussed
during the meeting, the Unit 2 program is essentially
identical to the approved BFN Unit 3 RI-ISI program. The
slight differences between the BEFN Unit 2 and 3 plant
configurations are contained in Enclosure 2.

TVA requests NRC approval of the Unit 2 RI-ISI program by
September 30, 2000, but no later than December 31, 2000, in
order to support implementation in the Unit 2 Cycle 11
refueling outage. The refueling outage is currently
scheduled to begin in Spring 2001. Approval by September 30,
2000, will allow TVA to finalize resource planning for the
Spring 2001 outage and recruit additional inspectors if the
program is not approved.

Enclosure 1 contains the proposed BFN Unit 2 RI-ISI program.
Fnclosure 2 contains a description of the differences between
the BFN Units 2 and 3 RI-ISI programs. Additional supporting
documentation is available at the BFN offices for your
review.
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There are no commitments contained in this letter. If you
have any questions, please telephone me at (256) 729-2636.

Sincerely,

T. E. Abney
Manager of Ligensing
and Industfy Affains

Enclosures
cc {Enclosures):

Mr. Michael T. Anderson

INEL Research Center

2151 North Boulevard

P.0. Box 1625

Tdaho Falls, Idaho 83415-2209

Mr. Paul E. Fredrickson, Branch Chief
U.S. Nuclear Regulatory Commission
Region II

61 Forsyth Street, S.W.

Suite 23T85

Atlanta, Georgia 30303

NRC Resident Inspector
Browns Ferry Nuclear Plant
10833 Shaw Road

Athens, Alabama 35611

Mr. William O. Long, Senior Project Manager
U.S. Nuclear Regulatory Commission

One White Flint, North

11555 Rockville Pike

Rockville, Maryland 20852



ENCLOSURE 1

TENNESSEE VALLEY AUTHORITY
BROWNS FERRY NUCLEAR PLANT (BFN)
UNIT 2

REQUEST FOR APPROVAL OF THE BFN AMERICAN SOCIETY OF MECHANICAL
ENGINEERS (ASME) SECTION XI ALTERNATE INSERVICE INSPECTION PROGRAM
RISK INFORMED INSERVICE INSPECTION

(See the attached submittal)
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PROGRAM SUBMITTAL



RISK-INFORMED INSERVICE INSPECTION PROGRAM PLAN
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L. INTRODUCTION

Inservice inspections (ISI) for Browns Ferry Nuclear Plant are currently performed on piping
welds to the requirements of the ASME Boiler and Pressure Vessel Code Section XI, 1989
Edition as required by 10CFR50.55a. Unit 2 is currently in the second inspection interval as
defined by the Code for Program B.

The purpose of this submittal is to request a change to the ISI program plan for piping through
the use of a risk-informed ISI program and an alternative to the inspection requirements of
IGSCC Category “A” welds as allowed by Generic Letter 83-01. The risk-informed process used
in this submittal is described in Regulatory Guide 1.174 and 1.178 (Trial Use) and is consistent
with the methodology described in ASME Section X1, Code Case N-577 and WCAP-14572,
Revision 1-NP-A with the deviations listed in Section 3.

Approval of an alternative Risk-Informed Inservice Inspection program for Browns Ferry Unit 3
was authorized by the NRC letter to TVA dated February 11, 2000. The Unit 2 program was
developed in accordance with the process evaluated for Unit 3, including all changes resulting
from the review process and associated sensitivity studies. The differences in results are due to
two primary differences between the units. Unit 2 has the ability to cross-connect the Residual
Heat Removal (RHR) system to both Unit 1 and Unit 3, while Unit 3 can only draw support from
Unit 2. This results in different consequences and different PSA results. Unit 3 has been modified
to alleviate the effects of IGSCC primarily by replacement of piping with material more resistant
to that damage mechanism. As part of that effort, the design of the reactor recirculation system
was changed to eliminate the connection between the two headers, resulting in lower stresses.
Unit 2 was modified to alleviate the effects of IGSCC primarily by stress improvement, while
retaining the original material. These factors have resulted in different failure rates and
correspondingly different CDF and LERF.

PSA Quality

The Browns Ferry probabilistic safety assessment (PSA) model BFNU2M was used to evaluate
the consequences of pipe ruptures. The base core damage frequency (CDF) and base large early
release frequency (LERF) are 5.39E-06 and 1.83E-06, respectively.

The original (Revision 0) BFN PSA model is described in the TVA response to

Generic Letter 88-20. This model and the associated documentation were extensively reviewed
by TVA personnel. In a letter dated September 28, 1994, the NRC staff concluded that TVA’s
Individual Plant Examination (IPE) submittal was complete with the level of detail requested in
NUREG-1335. Revision 1 to the BFN PSA model then incorporated numerous individual
changes, primarily in the area of plant response to loss of offsite power.

Each of these risk models use the proprietary RISKMAN computer program for cutset generation
and event tree quantification. The risk models use a small fault tree/large event tree method of
quantification.
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The Maintenance Rule Program developed to implement the requirements of 10CFRS50.65 is also
based on this PSA. In an inspection conducted April 14-18 1997, the NRC concluded that the
program was comprehensive and was being effectively implemented.

The Browns Ferry event tree model is quantified using a batch process that is based on a tabular
listing of the initiating events to be quantified. For those quantifications that are based on failure
of plant functions, such as RHR pump A, the event tree rule structure is modified prior to
quantification to set this top event to guaranteed failure. In the case of top events where a
common cause term has been evaluated, such as between RHR pumps, diesel generators and High
Pressure Coolant Injection (HPCI)/Reactor Core Isolation Cooling(RCIC), the first top event
questioned is set to guaranteed failure. Where an interim variable is used to indicate support
systems for the impacted top event, this interim variable was failed. This effectively sets the
impacted top event to a condition where it would not be questioned. In this way, common cause
does not skew the results for subsequent trains or components.

The Level 2 evaluation determines that for Unit 2, LERF comprises 34% of CDF, except for
those degradations that result in the inability to mitigate an Anticipated Transient Without Scram
(ATWS) or those which bypass containment directly.

Recovery actions modeled in the PSA in general address electrical distribution, and as such do not
affect this study. In a typical mechanical recovery action, the operator is able to start a “swing”
Emergency Equipment Cooling Water (EECW) pump to recover from failure of the normally
assigned pump; however, for those scenarios which resulted in loss of EECW, no credit was taken
for the start of the swing pump.

The PSA Update Report is evaluated for updating every other refueling outage. The
administrative guidance for this activity is contained in TVA Standard Engineering Practice
(SEP) - 9.5.8.

During November 1997, TVA participated in a PSA Peer Review Certification of the BFN PSA
administered under the auspices of the BWROG Peer Certification Committee. The purpose of
the Probabilistic Safety Analysis (PSA) peer review process is to establish a method of assessing
the technical quality of the PSA for the spectrum of its potential applications.

The BFN PSA Peer Review Certification team consisted of six individuals with a combined 134.
man-years of nuclear experience including 97 man-years in PSA related applications. These
engineers and analysts provided both an objective review of the PSA technical elements and a
subjective assessment based on their PSA experience. The review team had considerable
expertise in basic PSA development and PSA applications, and in the specific PSA methodology
used for the BFN PSA. The team was also knowledgeable in BWR-4 plant design and
operational practices.

The evaluation process used a tiered approach of standard checklists that allowed for a detailed
review of the elements and the sub-elements of the BFN PSA to identify strengths and areas that
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needed improvement. A review system was used that allowed the Peer Review team to focus on

technical issues and to issue their assessment results in the form of a “grade” of 1 through 4 ona
PSA sub-element level. To reasonably span the spectrum of potential PSA applications, the four

grades of certification as defined by the BWROG document “Report to the Industry on PSA Peer
Review Certification Process - Pilot Plant Results” were employed. These are repeated below for
reference.

Grade 1 - Useful for Identifying Severe Accident Vulnerabilities, Accident Management
Insights, and General Prioritization of Issues

This grade requires the minimum standard and has satisfied NRC expectations for
responding to Generic Letter 88-20. Most PSAs are expected to be capable of
meeting these requirements. This grade of certification would serve as an industry
standard.

Grade 2 - Useful for Risk Ranking with Deterministic Input

This grade of certification requires a review of the PSA model, documentation,
and maintenance program. Certification at this grade would provide assurance that,
on a relative basis, the PSA methods and models yield meaningful rankings for the
assessment of systems, structures, and components, when combined with
deterministic insights (i.e., a blended approach).

Grade 3 - Useful for Risk Significance with Deterministic Input

This grade of certification extends the requirements to assure that risk significant
determinations made by PSA using absolute risk insights are adequate to support a
broader range of regulatory applications, when combined with deterministic
insights.

Grade 4 - Useful as a Primary Basis for Decision Making

This grade of certification requires a comprehensive, intensively reviewed study,
which has the scope, level of detail, and documentation to assure the highest
quality of results. Routine reliance on the PSA as the basis for certain changes is
expected as a result of this grade. It is expected that few plants would currently be
eligible for this grade of certification.

It should be noted that while each of the four application oriented grades have different
characteristics as previously delineated, the boundaries between the grades are not sharp. This
leaves, in some cases, an element of judgment to be applied when assigning a specific application
to a specific grade. This lack of sharp boundaries is due in part to the fact that varying degrees of
supplementary deterministic considerations or focused PSA studies may be used with any of the
four grades of PSA to effectively support an application.
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The BFN PSA Peer Review resulted in a consistent evaluation across all the PSA elements and
sub-elements. Approximately 72% of all the graded sub-elements were at Grade 3 or above; 8%
of the sub-elements were assessed at Grade 4 providing a very solid evaluation. The following
Table summarizes the results of the BFN Peer Review performed at the element level for the BFN
PSA.

RESULTS OF BFN PEER REVIEW

PSA ELEMENT CERTIFICATION GRADE

INITIATING EVENTS (IE) 3

ACCIDENT SEQUENCE EVALUATION (AS)

THERMAL HYDRAULIC ANALYSIS (TH)

SYSTEMS ANALYSIS (SY)

DATA ANALYSIS (DA)

HUMAN RELIABILITY ANALYSIS (HR)

DEPENDENCY ANALYSIS (DE)

STRUCTURAL RESPONSE (ST)

QUANTIFICATION (QU)

CONTAINMENT PERFORMANCE ANALYSIS (L2)

WINIWIW[WIWIN|WING W

MAINTENANCE AND UPDATE PROCESS (MU)

Since Risk-Informed ISI is a Grade 2 (risk-ranking) application and all elements are graded at or
above a Grade 2, the BFN PSA model used for evaluating the RI-ISI program is considered
appropriate and adequate to support this application.

2. PROPOSED ALTERNATIVE TO ISI PROGRAM

2.1 ASME Section X1

ASME Section XI Categories B-F, B-J, C-F-1 and C-F-2 currently contain the requirements for
examining (via NDE) piping components. This current program is limited to ASME Class 1 and
Class 2 piping. The alternative risk-informed inservice inspection (RI-IST) program for piping is
described in Code Case N-577. The RI-ISI program will be substituted for the current
examination program on piping in accordance with 10 CFR 50.55a(a)(3)(i) by alternatively
providing an acceptable level of quality and safety. Additionally, the alternative program will not
be limited to ASME Class 1 or Class 2 piping but will encompass the high safety significant piping
segments regardless of ASME Class. Other non-related portions of the ASME Section XI Code
will be unaffected.
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22 Augmented Programs

Generic Letter 88-01 provides the NRC positions on Intergranular Stress Corrosion Cracking
(IGSCC) in BWR austenitic stainless steel piping. The technical bases for these positions and
requirements for categorization of IGSCC susceptible welds are detailed in NUREG-0313.
Inspection schedules are comparable to those specified in ASME Section X1 in cases where the
piping monitored is IGSCC resistant. Varying schedules for inspections are specified for other
piping. GL 88-01 allows licensees to propose alternative measures.

A risk-informed process as described in Regulatory Guide 1.174 and 1.178 (Trial Use) and
implemented in the ASME Boiler and Pressure Vessel Code, Section XI, as Code Case N-577
was utilized to develop an alternative to the inspection requirements of IGSCC Category “A”
welds as allowed by GL 88-01.

All augmented programs listed in 2-SI-4.6.G other than NUREG-0313 Category A welds
susceptible to IGSCC are unaffected by this submittal and all examinations committed in those
programs will continue. None of those examinations are included in any of the tables in the
submittal. The programs include:

- RPV Cladding

- Feedwater nozzles (NUREG-0619)

- CRD return line reroute (NUREG-0619)
- Reactor vessel interior examinations

- Weld inspection for pipe whip protection

The Flow Accelerated Corrosion (FAC) and Raw Water Fouling and Corrosion Control programs
remain unchanged.

3. RISK-INFORMED ISI PROCESS

The processes used to develop the RI-ISI program are consistent with the methodology described
in ASME Section XI, Code Case N-577 and WCAP-14572, Revision 1-NP-A with the deviations
listed below, and are the same as those used to develop the Browns Ferry Unit 3 RI-ISI program,
approved in the Safety Evaluation dated February 11, 2000.

The process that is being applied, involves the following steps:

Scope Definition

Segment Definition
Consequence Evaluation
Failure Assessment

Risk Evaluation

Expert Panel Categorization
Element/NDE Selection
Implement Program
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o Feedback Loop
Deviations from the process described in WCAP-14572, Revision 1-NP-A are as follows:

Calculation of Failure Rate

WCAP-14572 uses the Westinghouse Structural Reliability and Risk Assessment Model (SRRA)
to calculate failure rates. TVA uses WinPRAISE, a Microsoft Windows based version of the
PRAISE code used as the benchmark for SRRA in WCAP-14572, Revision 1-NP-A. For welds
which have been subject to mid-life changes, WinPRAISE allows calculation of a failure rate
based on the conditions following such a change, as was determined to be necessary during the
review of the Unit 3 submittal. While the WCAP requires a range of failure modes be used, that
is, leaks, disabling leak, and rupture, TVA only used Leak (for indirect or spatial effects) and
Disabling Leak (for all direct effects).

Piping Segment Definition

Some segments contain normally closed reactor coolant system isolation valves. The
consequence of failure upstream or downstream of the valves during normal operation could have
different local and plant-level consequences. For these segments, the segment part with the
highest consequence is used to represent the segment in all calculations. Characterizing the risk
significance of a combined segment with the risk of the most risk significant segment is a
simplification that introduces some conservatism into the analysis, and will not prevent the
identification of any risk significant segment.

Determination of Failure Rate for a Segment

In the WCAP process, one or more points deemed most susceptible to a postulated failure
mechanism were selected for each segment, and a failure rate calculated for that point or points.
If more than one point was calculated, the worst result was used to determine segment risk. At
TVA, failure rates were quantified for the individual elements in a segment, and the highest
individual failure rate was used to determine segment risk..

Uncertainty Analysis and Use of Risk Achievement Worth (RAW)

In paragraph 3.6.1 of the WCAP reference is made to uncertainty analyses to address uncertainty
in failure probabilities and consequence. The WCAP states that a simplified uncertainty analysis
should also be performed to ensure that no low safety significant segments could move into the
high safety significance category when reasonable variations are considered. As a practice, the
TVA Expert Panel considered all segments in this significance range (1.005 > Risk Reduction
Worth (RRW) > 1.001) to be High Safety Significant, in lieu of performing the sensitivity study.
The WCAP states that Risk Achievement Worth (RAW) should be provided to the Expert Panel
so that the panel is aware of potential consequences when considering whether a questionable
segment should be considered High Safety Significant. The practice of considering all segments
with RRW > 1.001 provides the sensitivity to consequences which was the reason the WCAP
included the RAW calculation.

Safety-Significance Determination
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The approved WCAP methodology does not change augmented examination requirements. TVA
will change the location and frequency of inspections of IGSCC Category “A” welds upon
implementation of the RI-ISI program,; therefore, the reduction in failure potential caused by
IGSCC Category “A” inspection of locations within a segment is not included in the “without
credit for inservice inspection” calculations. This deviation from the WCAP methodology is
necessary to properly characterize the safety significance of segments with Category “A”
locations so that the inspections can be targeted at higher safety significant locations.

Structural Element Selection

In WCAP-14572, selection of elements in Region 2 of the Structural Element Selection Matrix
shown in Figure 3.7-1 of the WCAP is determined by a statistical evaluation process. According
to paragraph 3.7.2 of the WCAP, this statistical model is used to ensure that an acceptable level
of reliability is achieved. At TVA, two methods were used to select elements in Region 2. For
those elements with a quantified failure rate, that failure rate was used to select the elements. For
some elements, the calculated failure rate was zero. As stated in 3.7.5 of the WCAP, additional
rationale must be developed when a statistical model cannot be applied to determine the minimum
number of examination locations for a given segment. Since a calculated failure probability is a
necessary input to a statistical evaluation, an alternative that would provide assurance of an
acceptable level of reliability was used. The existing examination requirements of Section X1 have
provided such an acceptable level; therefore, the existing Section XI criteria were used; i.e., 25%
for Class 1 and 7.5% for Class 2.

3.1 Scope of Program

The system scoping rules were applied to all systems using existing Browns Ferry Nuclear Plant
documentation. Inclusion of systems in the scope of current Section XI programs was determined
by reviewing 2-SI1-4.6.G, Inservice Inspection Program and the current examination isometric
drawings. Determination of those systems modeled in the plant PSA was made from the Browns
Ferry Nuclear Plant Individual Plant Examination and the various associated system notebooks.
Maintenance Rule significance was determined from 0-TI-346, Maintenance Rule Performance
Indicator Monitoring, Trending, and Reporting. Appendix B and the appropriate attachments to
0-TI-346 describe each system and define the portion of each system to be considered significant.
The portions excluded are:

e Those portions of Condensate and Demineralized water that do not a) provide a water source
and heat sink for EOPs and to mitigate accidents, or b) condense steam from the reactor
vessel/main turbine, or ¢) deliver water to the suction of feedwater, or d) provide stored
condensate and a flow path for use by HPCI and/or RCIC.

e Those portions of Condenser Circulating Water that do not provide cooling water to the main
condenser to condense steam. ,

There are no current inspections performed in the excluded portions.. Separate documentation

was prepared for each of the identified systems and is provided as support information. Specific

applicability to each included system is provided in that system’s section of Appendix A to 2-SI-

4.6.G. The systems to be included in the risk-informed ISI program are provided in Table 3.1-1.

3.2 Segment Definition
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Once the systems to be included in the program are determined, the portions of the selected
systems to be evaluated are divided into segments. A piping segment is defined as a run of piping
whose failure would result in the same loss of function, as determined from the plant PSA or
other considerations (functions which do not impact CDF). In addition, consideration was given
to identifying distinct segment boundaries at branching points such as flow splits or flow joining
points, locations of size changes, isolation valve, motor operated valve (MOV) and air operated
valve (AOV) locations. Some segments contain normally closed reactor coolant system isolation
valves. The consequence of failure upstream or downstream of the valves during normal
operation could have different local and plant-level consequences. For these segments, the
segment part with the highest consequence is used to represent the segment in all calculations.
The number of segments identified per system is given in Table 3.1-1. Description of each
system’s individual segments is provided in that system’s section of Appendix A to 2-SI-4.6.G.

Table 3.1-1
Systems in Risk-Informed Inservice inspection Scope
Syst Sec Xl PSA Mnt Rule # Segs
risk significant
001 Main Steam Yes Yes Yes 56
002  Condensate and Demineralized Water Yes Yes 36
Portions which provide a heat sink, or provide water to mitigate
accidents, or deliver water to FW
003  Feedwater Yes Yes Yes 46
023 Residual Heat Removal Service Water Yes Yes Yes 45
024 Raw Cooling Water Yes Yes Yes 20
027 Condenser Circulating Water Yes Yes 3
Portion which provides cocling water to main condenser

063 Standby Liquid Control Yes Yes Yes 5
067 Emergency Equipment Cooling Water Yes Yes Yes 28
068 Reactor Recirculation Yes Yes 16
068 Reactor Water Cleanup Yes Yes 19
070 Reactor Building Closed Cooling Water Yes Yes 17
071 Reactor Core Isolation Cooling Yes Yes Yes 13
073 High Pressure Coolant Injection Yes Yes Yes 1"
074  Residual Heat Removal Yes Yes Yes 3
075  Core Spray Yes Yes Yes 15
078  Fuel Pool Cooling Yes 1
085S  Control Rod Drive Hydraulics Yes Yes Yes 31
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3.3  Consequence Evaluation

The consequences of pressure boundary failures are measured in terms of core damage and large
early release. The impact on these measures due to both direct and indirect effects was
considered.

Direct Consequences

Direct consequences of segment failure were determined by reviewing the Piping and
Instrumentation Drawings (P&IDs) for each system, reviewing the events trees in the PSA, and
from the insights of plant experienced personnel. An Operational Interface Review was
performed to verify that all plant effects were incorporated and to validate proper selection of
Initiating Events and Mitigating System Impacts. This review included simulating some failures
on the plant operations training simulator. Impacts for instrument lines were evaluated for
instrument function, as well as loss of fluid effects.

Normal operator actions were considered in the Operational Interface Review in determining the
appropriate resulting initiating events and impacts. Results both with and without operator action
were identified where applicable. Operator recovery (i.e. isolation of faulted pipe segments, etc.)
was considered and the most likely action was used as the applicable case.

Direct consequences include both the functional failure due to loss of the piping segment and
secondary effects such as increased drywell pressure. When these consequences had been
identified it was determined what surrogate events would represent each consequence in the PSA
for quantification. These surrogates fell into four categories:
e Failures that resulted in a plant trip, represented by an Initiating Event. Operational

insights were used to determine the initial initiating event.
e Failures that impacted the operability of mitigating systems, represented by various events

or combinations of events

e Failures that resulted in both a plant trip and impacted operability of mitigating systems,
represented by a quantification run including both an Initiating Event and various other

events
e Failures that impact the ability to provide shutdown cooling, after the reactor has been
shut down.

For those pipe breaks that resulted in only a plant trip, the Conditional Core Damage Probability
(CCDP) for the associated initiating event was used.

To estimate failure probability for a standby component, the following equation is used:
FP =% (FR) Ts + (FR)Tum

where FR is the Failure Rate (in events per unit time), Ts is the interval between surveillances, and
Ty is the total defined mission time (24 hours). Due to the short mission time, the second term is
usually small and is disregarded. Since calculations in the RI-ISI program are based on annual
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CCDE/P, the FP is expressed in terms of one year. When the expression ¥ Ts is converted to an
annual basis, it is referred to as the Surveillance Interval Adjustment. For instance, for a quarterly
surveillance, the factor is:

¥2(1 yr/4 quarters) = 1/8 = 0.125

Similarly, for a monthly surveillance, the factor is 1/24 = 4,17E-02. For operator observation on
one round per shift, the mission time has significance. The calculation is:
Y¥2(1 shift/round)(12hr/shift)(1 day/24 hrs)(1yr/365 days) + (1 yr/365 days)

= 1/1460 + 1/365 = 3.42E-03

This Surveillance Interval Adjustment is only applied when there is no specific associated
Initiating Event.

Table 3.3-1 summarizes the results of the individual cases evaluated where a pipe segment could
impact operability of a mitigating system. Since a mitigating system may be called for in the case
of any initiating event, the quantification runs were made including all initiating events. The
calculated CDF was then adjusted to remove the base CDF of 5.39E-06, such that the result
reflects the increase in CDF associated with the segment failure.

The following PSA model macro terms are used in the “Mitigating System Impact” shown in
Tables 3.3-1 and 3.3-2:

Y1l Support to core spray pump A

Y12 Support to core spray pump C

RPASUP Support to RHR pump A

RPCSUP Support to RHR pump C

Diesel generator failures are modeled as being bounded by failure of diesel generator A fuel oil

(top event FA), which is the limiting function. Diesel generators A, B, C, and D are symmetric,
such that only one case is evaluated. This symmetry also applies to Core Spray Loops I and 11,
and RHR pumps A, B, C, and D.

The impact on core spray was modeled by setting interim variables Y11 and Y12 in event tree
module LPGTET and interim variable CSISUP in event tree modules MLOCA2 and LLOCAL to
conditions that cannot exist (i.e., DE=S*DE=F, etc.).

The impact on HPCI was modeled by setting interim variable HPISUP to conditions that cannot
exist in HPGTET and MLOCAZ2 event tree modules.

The impacts on RHR are incorporated by setting the representative interim variable or variables to
conditions that cannot exist in the LPGTET, MLOCAZ2, and LLOCALI event tree modules.
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Table 3.3-1
Summary of Quantification Runs
Where Segment Failure does not resuit in Plant Trip

Initiating Mitigating System impact Calculated CDF| CDF Increase Surv Interval
Event N (Annual)
All Core Spray loop | 9.01E-06 3.62E-06 qtrly
All HPCI 1.12E-05 5.81E-06 gtrly
All RHR Pump A 2.59E-05 2.05E-05 mthly
All RPASUP, RPCSUP 7.15E-05 6.61E-05 mthly
All Diese! Generator 1.18E-05 6.41E-06 mthly
All RHR Heat Exchanger A 7.34E-06 1.95E-06 qtrly
All RCIC 1.465E-05 9.26E-06 gtrly
All Suppression Pool Cooling 6.68E-06 1.29E-06 qtrly

The surveillance interval referenced in the table represents the period between surveillance tests or
physical observation of the affected system or component. This is used to determine the
appropriate Surveillance Interval Adjustment factor.

Table 3.3-2 summarizes the results of the individual cases evaluated where failure of a pipe
segment could result in an initiating event and also impact operability of a mitigating system or
systems. RISKMAN calculations were made for the listed combinations of circumstances, and
the resultant Core Damage Frequency was normalized to an annual CCDP by dividing by the
initiating event frequency.

Table 3.3-2
Summary of Quantification Runs
Where Segment Failure Resuits in Plant Trip with Mitigating System Impact

tnitiating Mitigating System impact | Calculated |IE Freq for Normalization CCDP
Event CDF (normalized)
Clv HPI 1.386E-06 4.34E-01 3.19E-06
clv RCI, CRD 2.895E-05 4.34E-01 6.67E-05
LLO subsumes HPI, RCI, CRD | 1.07E-04 3.16E-08 2.95E-04
LRCW 250V RMOV 2C 2.8E-06 3.22E-02 8.70E-05
PLFW RCI, CRD 2.906E-06 3.31E-01 8.78E-06
RXINST incl LM, LV, LVP 4.187E-09 6.58E-04 6.36E-06
(calc as Ul)
SCRAMR CRD 5.02E-07 2.74E-01 1.83E-06
SCRAMR | RPB, RPD, HPI, 6.9E-3exp | 1.11E-06 2.74E-01 4.05E-06
SCRAMR SL '5.698E-06 7.74E-01 2.08E-086
SLOCA RCi 7.363E-08 4.01E-04 1.84E-05

The loss of shutdown cooling is represented by Top Event SDC which has an Achievement Worth
of 1.316, which results in a calculated CDF of 7.093E-06 per year. Since SDC is based on the
plant shut down, no Initiating Events are considered and the base CDF for all Initiating Events is
not adjusted out of the CDF for SDC.
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The direct consequences and Conditional Core Damage Probabilities/Frequencies for all pipe
segments are described in each system’s section of Appendix A to 2-SI-4.6.G.

Indirect Consequences

The effects of High Energy Postulated Pipe Ruptures both inside and outside containment were
evaluated for Unit 2, including walkdowns of the applicable areas. The purpose of this evaluation
was to ensure that the systems, structures, and components required to assure safe shutdown and
the ability to maintain a cold shutdown condition were not impaired as the result of postulated
pipe failures. Any effects initially identified as a result of these evaluations were reconciled either
by analysis or modification as part of the overall effort.

The Browns Ferry PSA identifies five distinct Initiating Events that address component failures
due to flooding effects from various plant systems.

Since potential effects of pipe whip or jet impingement were treated by the referenced High
Energy Pipe Rupture Evaluations and flooding effects are included as initiating events, only
potential scenarios in which low pressure piping failure results in spray required evaluation.
Results are given in Table 3.3-3.

Table 3.3-3
Segments with Low Pressure Spray Potential
Pipe Indirect
System Segment(s) Impact
Raw Cooling Water (RCW) 2-024-002 250V RMOV 2C
Emergency Equipment 2-067-005 480V RMOV 2C
Cooling Water (EECW) 2-067-006, 007, 008 Core spray, RHR pumps B&D
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3.4 Failure Assessment

Failure estimates were generated utilizing industry failure history, plant specific failure history,
and other relevant information.

Evaluation of the frequency of piping failure was performed using the WinPRAISE program
where possible. If WinPRAISE was not applicable, deterministic methods were used. The
implementation of these programs and results of this evaluation are described in the following
sections of Appendix A to 2-SI-4.6.G.

5.1 Review of Plant Failure History

5.2 Determination of Degradation Mechanisms
53 Screening

5.4  Failure Rate Determination

5.5  Segment Failure Rates

The failure history of piping systems at BFN was reviewed for system leakage and other piping
failures. This failure history review identified approximately 200 records for detailed analysis. In
addition, the TVA Tracking and Reporting of Open Items (TROI) database was searched and
generated 937 items for review.

Each system was also analyzed for the parameters indicative of particular degradation
mechanisms. Identified mechanisms were utilized to assure proper failure rates were determined.

Results of these reviews and analyses along with the determined failure rates are incorporated in
each system’s section of Appendix A to 2-SI-4.6.G.

TVA performed two sensitivity studies to bound failure rates due to FAC. The first increased the
failure rate by an order of magnitude to assure no additional FAC-affected segment became
significant; the second eliminated FAC as a failure mechanism to ensure no other segments were
masked by the failure due to FAC.

The failure rate due to FAC was developed deterministically. For this reason, the sensitivity
studies were performed to gain assurance that the assumptions which went into the deterministic
process did not produce inaccurate or misleading results. Since failure rates due to IGSCC were
determined by specific analysis of each weld for the conditions affecting that weld rather than by
assuming conditions, no sensitivity study was required to validate assumptions.
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3.5  Risk Evaluation

Each piping segment within the scope of the program was evaluated to determine its core damage
frequency (CDF) and large early release frequency (LERF) due to the postulated piping failure as

described in section 6.1 of Appendix A to 2-SI-4.6.G. Calculations were also performed with and
without operator action.

Once this evaluation was completed, the total pressure boundary core damage frequency and large
early release frequency were calculated by summing across the segments for each system. The
results of these calculations are presented in Table 3.5-1. The Applicable CDF due to piping
failure based on the applicable case is 2.154E-05. The Applicable LERF due to piping failure
based on the applicable case is 7.327E-06. The core damage frequency due to piping failure
without operator action is 2.201E-05, and with operator action is 2.153E-05. The large early
release frequency due to piping failure without operator action is 7.492E-06 and with operator
action is 7.273E-06.

Table 3.5-1
PIPING RISK CONTRIBUTION BY SYSTEM
System CDF- CDF- | Applicable % %

OA noOA CDF Applicable| LERF- LERF- | Applicable | Applicable

CDF OA noOA LERF LERF

001 MS 1.61E-07 | 1.61E-07 | 1.61E-07 0.75% 5.59E-09 {5.59E-09] 5.59E-08 0.76%
002 CDW 3.88E-09 | 4.60E-09 | 3.89E-09 0.02% 1.32E-09 |1.56E-09] 1.32E-08 0.02%
003 FW 3.94E-07 | 3.94E-07 | 3.94E-07 1.83% 1.34E-07 |1.34E-07] 1.34E-07 1.83%
023 RHRSW |6.07E-11]1.21E-09 | 6.07E-11 0.00% 2.06E-11 [4.09E-10 2.06E-11 0.00%
024 RCW 3.13E-09 | 2.64E-09 | 3.19E-08 0.01% 1.07E-08 |8.98E-10| 1.08E-09 0.01%
027 CCW 2.79E-10 ] 5.19E-10 | 5.19E-10 0.00% 9.50E-11 {1.77E-10}| 1.77E-10 0.00%
063 SLC 9.32E-09 { 9.31E-09 | 9.32E-09 0.04% 3.17E-09 |3.16E-09| 3.22E-08 0.04%
067 EECW 1.00E-08 | 3.97E-07 | 1.00E-08 0.00% 3.40E-10 [1.35E-07| 3.40E-10 0.00%
068 RECIRC |1.47E-05|1.47E-05| 1.47E-05 | 68.17% | 4.99E-06 {4.99E-06| 4.99E-06 | 68.14%
069 RWCU 1.20E-06 | 1.21E-06 | 1.21E-06 5.60% 4.09E-07 {4.12E-07| 4.12E-07 5.62%
070 RBCCW |4.59E-09 |4.59E-09 | 4.59E-09 0.02% 1.56E-09 |1.56E-09| 1.56E-08 0.02%
071 RCIC 4.64E-10 | 3.97E-08 | 4.64E-10 0.00% 3.93E-10 {3.92E-08| 3.93E-10 0.01%
073 HPCI 3.43E-09 | 7.61E-09 | 3.43E-09 0.02% 1.17E-08 |4.45E-09) 1.17E-09 0.02%
074 RHR 5.07E-08 | 5.10E-06 | 5.07E-06 | 23.52% | 1.72E-06 |1.76E-06| 1.72E-06 | 23.52%
075 CS 4.22E-10 | 3.22E-09 | 4.22E-10 0.00% 1.80E-10 |1.77E-09] 1.80E-10 0.00%
078 FPC 0.00E+00|0.00E+00{ 0.00E+00 { 0.00% | 0.00E+0Q0 [0.00E+00| 0.00E+00 | 0.00%
085 CRD 1.77E-09 |1 1.77E-08 | 1.77E-09 0.01% 6.03E-10 |6.03E-10| 6.03E-10 0.01%
Total: 2.15E-05 | 2.20E-05 | 2.15E-05 | 100.00% | 7.27E-06 |7.49E-06| 7.33E-06 | 100.00%

Calculations performed include initial calculations to rank all the segments, change in risk
calculations for all systems and for the plant, and RRW calculations that identify which welds to
inspect within each HSS segment. In those cases where segments of different consequences were
combined in a single segment, the segment part with the highest pipe failure related CDF or LERF
was used to represent the segment in all the calculations.

WCAP-14572, Revision 1-NP-A paragraph 4.4.2 risk/safety evaluation criteria are met.
3.6  Expert Panel Process
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Development of the Browns Ferry Risk-Informed program was reviewed and approved by an
Expert Panel. The Expert Panel included members of the expert panel that had been established
to implement the Maintenance Rule, and is the same Expert Panel that reviewed the Unit 3
program. In an NRC inspection conducted April 14-18, 1997 to inspect the implementation of
the Maintenance Rule, the conduct of the Expert Panel meetings was noted as a strength. In
addition, the same expert panel is responsible for the risk-ranking study performed to support
implementation of GL 89-10 on motor operated valves.

To increase efficiency of the review process, it was decided to conduct the reviews in a phased
manner, validating results of each phase prior to continuing. This had two advantages: First, any
changes to early stages could be made before the action was carried through the later stages; and,
secondly, review of individual portions rather than the entire program at once spread the time
requirement for the panel members over several months, rather than in one concentrated period.
It was recognized that due to elapsed time and possible change in panel members, it would be
recommended to conduct periodic refresher sessions in the techniques being reviewed.

Two initial sessions were held in which the principal investigators gave an overview of the entire
process and answered questions. At the next meeting of the RI-ISI project with the Expert Panel,
a review of actions taken to that time, along with preliminary results, was given to the panel for
study prior to actually reviewing and approving the actions. Each member was provided with a
notebook outlining the techniques used and the results determined for each individual system and
its segments. Three sessions were devoted to reviewing and approving segment definition,
consequence determination, and PSA impact. As support to their decisions, the Expert Panel
called for a review of segment failure consequences and degradation mechanisms by the
respective system engineers. In addition, the panel called for a systems interface review by a
former Browns Ferry Operations (Senior Reactor Operator) and Maintenance Manager. This
review included simulating some scenarios on the Operations Training simulator to ascertain that
plant response had been properly determined. One session was devoted to a re-briefing on the
determination of piping segment failure probability. At the next session, the individual failure
rates were reviewed and approved. In a final session, the segment significances and the element
examinations were reviewed and approved. It should be noted that as a rule of thumb, the panel
decided that each segment with a contribution to risk signified by a RRW > 1.001 would be
selected for examination (those segments generally regarded as “medium” consequence
segments). In addition, for defense in depth it was decided that all segments that could result in a
large loss of coolant accident (LOCA), regardless of actual risk value, would also be selected.
The philosophy of the panel was not to just select those segments that contributed significantly to
risk, but conversely, to only eliminate those segments which clearly did not contribute to risk.

The chairperson appointed someone to record the minutes of each meeting. The minutes included
the names of members and alternates in attendance and whether a quorum was present. The
minutes contained relevant discussion summaries and the results of membership voting. These
minutes are available as program records.
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3.7 Expert Panel Categorization - Identification of High Safety Significant Segments

Per ASME Code Case N-577, all segments with RRW > 1.005 are considered High Safety
Significant. These segments are shown in Table 3.7-1 and account for 96.85% of total core
damage frequency due to pipe failures.

Table 3.7-1
High Safety Significant segments
Segment |Description Segment | %Applicable{ Cum % RRW
CODF CDF CDF
2-068-015 |22 line Recirc ring header "B" from cap to FCV-68-33 6.93E-06 32.17% 3217% 1.474
2-068-003 |22" line Recirc ring header "A" from cap to FCV-68-33 5.48E-06 25.50% 57.67% 1.342
2-074-007 24" line from recirculation line "A” to penetration X-12 4.21E-06 19.52% 77.19% 1.243
2-069-001 |6 discharge line from 20" RHR line to penetration X-14 1.17E-06 5.43% 82.62% 1.057
2-074-005 |24" discharge line from penetration X-13A to recirculation line "B" 8.47E-07 3.93% 86.55% 1.041
2-068-001 |28" suction line from Reactor (N1A) to Recirculation pump "A" 7.89E-07 3.66% 90.21% 1.038
2-068-005 12" discharge line from Recirc ring header "A" to Reactor (N2G) 3.74E-07 1.74% 91.95% 1.018
2-068-013 112" discharge line from Recirc ring header "B" to Reactor (N2A) 3.07E-07 1.43% 93.38% 1.014
2-068-007 12" discharge fine from Recirc ring header "A" to Reactor (N2J) 2.61E-07 1.21% 94.59% 1.012
2-068-011 (12" discharge line from Recirc ring header "B" to Reactor (N2C) 2.46E-07 1.14% 895.73% 1.012
2-068-004 |12 discharge line from Recirc ring header "A”" to Reactor (N2F) 1.22E-07 0.57% 96.30% 1.006
2-068-008 |12" discharge line from Recirc ring header "A" to Reactor (N2K) 1.19E-07 0.55% 96.85% 1.006

For defense in depth all additional segments with RRW > 1.001 and those segments that could
result in a large LOCA (initiating events LLC, LLD, LLO, or LLS) are considered for
examination as high safety significant segments. These segments are shown in Table 3.7-2. With
the addition of these segments, 99.77% of total core damage frequency due to pipe failures is
accounted for.
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Table 3.7-2
Defense in Depth Segments

Segment |Description Segment | %Applicable | Cum % RRW
CDF CODF CDF
2-001-036 |26" discharge line from Reactor to penetration X-7A including valves | 3.84E-08 0.18% 97.03% 1.002
PCV-1-4, 179, 5 and penetrations X-34A and X-30A
2-001-037 |26" discharge line from Reactor to penetration X-7B including vaives 3.84E-08 0.18% 97.21% 1.002
PCV-1-18, 19, 22, 23 and penetrations X-34B and X-30B
2-001-038 |26" discharge line from Reactor to penetration X-7C including valves | 3.84E-08 0.18% 97.39% 1.002
PCV-1-30, 31, 34, and penetrations X-34C and X-30C
2-001-039 |26" discharge line from Reactor to penetration X-7D including valves 3.84E-08 0.18% 97.57% 1.002
PCV-1-41, 180, 42 and penetrations X-34D and X-30D
2-003-006 |24" supply line from penetration X-9A to HCV-3-67 3.84E-08 0.18% 97.75% 1.002
2-003-007 [24" supply line from penetration X-98 to HCV-3-66 3.84E-08 0.18% 97.93% 1.002
2-003-036 |20" supply line from HCV-3-67 to 12" inlet piping - ring header 3.84E-08 0.18% 98.11% 1.002
2-003-037 |12" supply line from 20" ring header to Reactor (N4A) 3.84E-08 0.18% 98.29% 1.002
2-003-038 |12 supply line from 20" ring header to Reactor (N4B) 3.84E-08 0.18% 98.47% 1.002
2-003-039 |12 supply line from 20" ring header to Reactor (N4C) 3.84E-08 0.18% 98.65% 1.002
2-003-040 |20" supply line from HCV-3-66 to 12" inlet piping - ring header 3.84E-08 0.18% 98.83% 1.002
2-003-041 [12" supply line from 20" ring header to Reactor (N4F) 3.84E-08 0.18% 99.01% 1.002
2-003-042 12" supply line from 20" ring header to Reactor (N4E) 3.84E-08 0.18% 99.19% 1.002
2-003-043 12" supply line from 20" ring header to Reactor (N4D) 3.84E-08 0.18% 99.37% 1.002
2-069-003 [4"-8" line from regenerative heat exchanger "2B8" to feedwater tie inat | 3.36E-08 0.16% 99.53% 1.002
penetration X-98 and RCIC tie in
2-068-010 {12" discharge line from Recirc ring header "B" to Reactor (N2D) 2.14E-08 0.10% 99.63% 1.000
2-068-009 |12 discharge line from Recirc ring header "B" to Reactor (N2E) 1.98E-08 0.09% 99.72% 1.000
2-074-013 |24" discharge line from penetration X-13B to Recirculation line "A” 6.25E-09] 0.03% 99.75% 1.000
2-073-001 [10” supply line from 26" MS line "B" to penetration X-11 2.10E-09 0.01% 99.76% 1.000
2-068-002 |28" discharge line from Recirculation pump "A" to Recirc ring header 1.12E-09 0.01% 99.77% 1.000
2-068-012 [12" discharge line from Recirc ring header "B" to Reactor (N2B) 8.63E-18 0.00% 99.77% 1.000
2-068-006 |12 discharge line from Recirc ring header "A" to Reactor (N2H) 6.75€E-19 0.00% 99.77% 1.000
2-068-016 {28" suction line from Reactor (N1B) to Recirculation pump "B" 1.58E-22 0.00% 99.77% 1.000
2-068-014 28" discharge line from Recirculation pump "B" to Recirc ring header 0.00E+00 0.00% 99.77% 1.000
2-075-001 [12" discharge line from MPEN-100-16B to reactor (NSB) 467E-19 0.00% 99.77% 1.000
2-075-002 }12" discharge line from MPEN-100-16A to reactor (NSA) 3.49€-18 0.00% 99.77% 1.000

Large Early Release Frequency (LERF) was also considered in determining segment significance.
All segments with a LERF RRW >1.001 were already selected for examination as high safety
significant segments based on CDF RRW.

The applicable CDF and LERF together with the CDF and LERF both with and without operator

action for each segment and the corresponding RRW values are provided in Attachment 1.

There were six segments with RRW >1.001 <1.005 if no operator action was credited. None of

these segments had RRW >1.001 with operator action. These segments received special

consideration by the Expert Panel. The increased RRW with no operator action in each case was
due to isolable flooding as a result of the pipe failure. The Expert Panel determined that this
flooding was not a credible consequence of failure due to the training and work practices in effect
specifically to deal with such an occurrence. The Expert Panel determined that the segments
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would not be considered High Safety Significant, but could be considered for element selection
for defense-in-depth considerations. :

The contribution of each system to CDF and to LERF was calculated and was shown in

Table 3.5-1. The predominant contributors to CDF are Reactor Recirculation, Residual Heat
Removal, and Reactor Water Clean Up with Feedwater and Main Steam also contributing. The
same systems also contribute to LERF. The significance of all of these systems is due to the
possibility of a large LOCA, in combination with active degradation mechanisms (FAC and
IGSCC).

Table 3.7-3 shows the distribution of system segments by both consequence and risk categories,
along with the final designation as High Safety Significant by the Expert Panel. All of the
segments that contribute to the risk distribution described above were selected by the Expert
Panel. Since the Expert Panel decided to include all Medium Risk Category segments, no further
re-consideration was needed.

Table 3.7-3
SEGMENT CATEGORIZATION
System # Segs Consequence category Risk category
High Medium Low High Medium Low Expert
CCDP CcCcDP CCDP RRW RRW RRW Panel
>1E-04 >1E-06, <1E-06 >1.005 >1.001, <1.001 HSS
<1E-04 <1.005
001 MS 56 4 11 41 4 52 4
002 CDW 36 25 .11 36
003 FW 46 10 17 19 10 36 10
023 RHRSW 45 4 41 45
024 RCW 20 13 7 20
027 CCW 3 1 2 3
063 SLC 5 5 5
067 EECW 28 8 20 28
068 RECIRC 16 16 g 1 6 16
069 RWCU 19 2 17 1 1 17 2
070 RBCCW 17 17 17
071 RCIC 13 7 6 13
073 HPCI 11 1 7 3 11 1
074 RHR 31 3 21 7 2 29 3
075 Cs 15 3 6 8 1 14 2
078 FPC 1 1 1
085 CRD 31 8 23 31
total: 393 39 167 187 12 17 364 38
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38 Structural Element and NDE Selection

The structural elements in the high safety significant piping segments were selected for inspection
and appropriate non-destructive examination (NDE) methods were defined.

The initial program being submitted addresses the high safety significant (HSS) piping
components placed in regions 1 and 2 of Figure 3.7-1 in WCAP-14572, Revision 1-NP-A.

Region 3 piping components, which are low safety significant, are to be considered in an Owner
Defined Program and are not considered part of the program requiring approval. Region 1, 2, 3
and 4 piping components will continue to receive Code required pressure testing, as part of the
current ASME Section XI program. For the 393 piping segments that were evaluated in the RI-
ISI program, Region 1 contains 31 segments, Region 2 contains 5 segments, Region 3 contains 92
segments, and Region 4 contains 265 segments.

It was noted that few non-augmented American Society of Mechanical Engineers (ASME)
Section XI welds were included in the inspection program. Welds to be examined were reviewed
for additional defense in depth. This review included re-consideration of various degradation
mechanisms and ASME Section XI, Code Class 2 welds, including welds in segments determined
to be Low Safety Significant. As a result of this review, a total of 12 welds were added to the
inspection program. These welds are shown in Table 3.8-1.

Three of the 12 are Code Class 1 welds and were added to address thermal fatigue. These are
similar to the welds added in Unit 3 for the same reason. Potential cold water injection into a hot
pipe was identified at the reactor core isolation cooling (RCIC) and High pressure coolant
injection (HPCI) injection points and at the control rod drive re-route injection point. The
connections have thermal tees designed and installed to negate this effect; however, welds GFW-
2-02, GFW-2-19, and RWCU-2-004-082 were added to the program and will be examined. There
is potential turbulent penetration into the RHR lines where they branch off the reactor water
recirculation lines. Welds DRHR-2-09, DRHR-2-18, and DRHR-2-19 are subject to this
mechanism, but have already been selected for examination for IGSCC. That examination will
detect any flaw due to this secondary degradation mechanism. These three welds are the first
weld in each of the branch lines and as such are the welds that would be subject to the turbulent

_penetration. There is potential thermal stratification in segments 2-075-001 and 2-075-002 if
there is backflow from a small leak in FCV 75-54 or FCV 75-26. These areas would also be
subject to injection of cooler water into a warmer line upon CS initiation. Welds DSCS-2-01,
DSCS-2-02, DCS-2-05, DCS-2-07, DCS-2-14, and DSCS-2-09 in these areas have already been
selected for examination due to IGSCC. Those examinations will also detect any flaw due to this
secondary degradation mechanism. The above welds (three in each segment) are those that are
subject to thermal fatigue as a secondary degradation mechanisms. The welds listed above that
were already selected for inspection based on IGSCC as the primary degradation mechanism are
not listed in Table 3.8-1, but are shown in the summary of all examinations in Table 3.8-2

Nine of the 12 welds address ASME Section XI Code Class 2 welds.
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Table 3.8-1
Additional Defense in Depth Elements
Segment Boundary Description

Plant ID _ Deg Mode Additional Defense in Depth Category
2-001-002 Supply from MS Header to RFP Turbines

DSAS-2-03 Stress . Class 2
2-001-046 MSL B from X-78 to MS Header

DSMS-2-10 Stress Class 2
2-003-008 FW line from steam tunnel wall to X-9A

GFW-2-02 Thermal Fatigue Thermal Fatigue
2-003-008 FW line from steam tunnel wall to X-98

GFW-2-19 Thermal Fatigue Thermal Fatigue
2-069-003 Discharge from Regen HX 3B to RFW line B

RWCU-2-004-082 Thermal Fatigue Thermal Fatigue
2-071-011  Supp Pool suction line off CS suction line

TRCIC-2-061 Stress Class 2
2-073-002 HPCI Turbine steam supply

THPCI-2-107 Stress Class 2

THPCI-2-109 Stress Class 2
2-074-008  Supply line to RHR Pumps A and C

TRHR-2-245 Stress Class 2
2-074-027 Supply line to RHR Pump A

TRHR-2-246 Stress Class 2
2-074-030  Supply line to RHR Pump D

TRHR-2-295 Stress Class 2
2-074-031  Supply line to RHR Pump D

TRHR-2-281 Stress Class 2

Table 1 of Code Case N-577 provides the specific requirements for Category R-A, Risk-Informed
Piping Examinations. This category is sub-divided into Item Numbers R1.11 through R1.18.
These sub-divisions are based on degradation modes, and provide the specific requirements for
each identified mode. The Item Numbers determined to be applicable to this program are:

R1.11 Elements Subject to Thermal Fatigue

R1.16 Elements Subject to Intergranular Stress Corrosion Cracking (IGSCC)

R1.18 Elements Subject to Flow Accelerated Corrosion

Paragraph I-6.1 of the Code Case states that when a postulated failure mode for a element is
being addressed by a program already in place, that program may be used to satisfy the
requirements of Table 1, subject to certain conditions. As such, the existing FAC and IGSCC
programs will be utilized to meet these requirements.

Per paragraph -2500 (b) of the Code Case, pressure testing and VT-2 visual examinations shall be
performed on Class 1, 2, and 3 piping systems in accordance with the Inservice Inspection
Program implemented by 2-SI-4.6.G.

The examinations determined for the Browns Ferry Unit 2 Risk-Informed ISI Program are listed
in Table 3.8-2. All locations identified for examination are locations already identified under
existing programs, either Section XI, IGSCC, or FAC.
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Frequency of examination is specified in Table 1 of Code Case N-577. The examinations shall be
scheduled such that the requirements of Table IWB-2412-1 of Section XI and NUREG-0313 are

satisfied.

Per paragraph I-6.1 of Code Case N-577, when an existing program is used to satisfy the
requirements of Table 1, examinations shall be scheduled per that program

The examination frequency determined for the Browns Ferry Unit 2 Risk-Informed ISI Program
are listed in Table 3.8-2. The schedule is documented in 2-SI-4.6.G.

Table 3.8-2

Examinations

| Segment Boundary Description Plant ID Deg Mode  ltem # Exam Freq

2-001-002 Supply from MS Header to RFP Turbines |DSAS-2-03 Stress R1.11 Xl vol Interval

2-001-036 MSL A Inside containment FAC inspection FAC R1.18 Note 1 Note 2
locations

2-001-037  |MSL B Inside containment FAC inspection FAC R1.18 Note 1 Note 2
locations

2-001-038 MSL C Inside containment FAC inspection FAC R1.18 Note 1 Note 2
locations

2-001-039 MSL D Inside containment FAC inspection © FAC R1.18 Note 1 Note 2
locations

2-001-046 MSL B from X-7B to MS Header DSMS-2-10 Stress R1.11 X1 vol Interval

2-003-006 {FW line from X-9A to HCV-3-67 FAC inspection FAC R1.18 Note 1 Note 2
locations

2-003-007 FW line from X-9B to HCV-3-66 FAC inspection FAC R1.18 Note 1 Note 2
locations

2-003-008 FW line from steam tunnel wall to X-8A GFW-2-02 Stress R1.11 Xi vol Interval

2-003-009 FW line from steam tunnel wall to X-98 GFW-2-19 Stress R1.114 Xl voi Interval

2-003-036 FW Ring header A FAC inspection FAC R1.18 Note 1 Note 2
locations

2-003-037 FW Riser A FAC inspection FAC R1.18 Note 1 Note 2
locations

2-003-038 FW Riser 8 FAC inspection FAC R1.18 Note 1 Note 2
locations

2-003-039 FW Riser C FAC inspection FAC R1.18 Note 1 Note 2
locations

2-003-040 FW Ring header B FAC inspection FAC R1.18 Note 1 Note 2
locations

2-003-041 FW Riser F FAC inspection FAC R1.18 Note 1 Note 2
locations

2-003-042 |FWRiserE FAC inspection FAC R1.18 Note 1 Note 2
locations

2-003-043 |[FWRiserD FAC inspection FAC R1.18 Note 1 Note 2
locations

2-068-001 Recirculation pump A Suction GR-2-53 IGSCC-E R1.16 [IGSCC Vol | Alt cycle

2-068-002 Recirculation pump A Discharge GR-2-08 IGSCC-C R1.16 [IGSCC Vol | Interval

2-068-003  |Recirc ring header A KR-2-14 IGSCC-E R1.16 |IGSCC Vol | Alt cycle
KR-2-20 IGsCC-C R1.16 |IGSCC Voi| Interval
KR-2-11 IGSCC-C R1.16 |IGSCC Vol | Interval
KR-2-13 IGSCC-C R1.16 |[IGSCC Vol | Interval
GR-2-18 IGSCC-C R1.16 ]IGSCC Vol | interval

2-068-004 Recirc Riser F GR-2-08 IGSCC-C R1.16 {IGSCC Vol | Intervai

2-068-005 |Recirc Riser G GR-2-12 IGSCC-C R1.16 |IGSCC Vol | Interval

2-068-006 Recirc Riser H GR-2-15(0L) IGSCC-E R1.16 |IGSCC Vol | Alt cycle
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Tabie 3.8-2
Examinations

Segment Boundary Description Plant ID Deg Mode Item # Exam Freq
2-068-007 Recirc Riser J GR-2-19 IGSCC-C R1.16 |IGSCC Vol | Interval
2-068-008  |Recirc Riser K GR-2-22 IGSCC-C R1.16 |IGSCC Vol | Intervai
2-068-008 |Recirc Riser £ GR-2-35 IGSCC-C R1.16 |IGSCC Vol | Intervai
2-068-010 Recirc Riser D GR-2-38 IGSCC-C R1.16 [IGSCC Vol | Interval
2-068-011 Recirc Riser C GR-2-41 IGSCC-C R1.16 [IGSCC Vol | interval
2-068-012 Recirc Riser B GR-2-45(0L) IGSCC-E R1.16 [IGSCC Vol | Alt cycle
2-068-013 Recirc Riser A GR-2-48 IGsce-¢C R1.16 |IGSCC Vol | Interval
2-068-014  |Recircuiation pump B Discharge GR-2-29 IGSCCc-C R1.16 |IGSCC Vol | Interval
GR-2-34 IGSCC-C R1.16 |IGSCC Vol | Interval
2-068-015 Recirc ring header B KR-2-36 IGSCC-E R1.16 |IGSCC Vol | Alt cycle
KR-2-41 IGSCC-E R1.16 |[IGSCC Vol | Alt cycle
KR-2-35 IGSCC-C R1.16 |IGSCC Vol | Interval
GR-2-44 IGSCC-C R1.16 |IGSCC Vol | Interval
2-068-016 Recirculation pump B Suction GR-2-61(0L) IGSCC-E R1.16 |IGSCC Vol | Alt cycle
GR-2-59(0L) IGSCC-E R1.16 |IGSCC Vol | Alt cycle
GR-2-64(0L) IGSCC-E R1.16 |IGSCC Vol | Alt cycle
2-069-001 RWCU from RHR to X-14 DRWC-2-01 IGSCC-C R1.16 |IGSCC Vol | Interval
DSRWC-2-06 IGSCc-C R1.16 [IGSCC Vol | interval
DRWC-2-01A IGScc-C R1.16 |IGSCC Vol | Interval
DSRWC-2-01 IGSCC-C R1.16 |IGSCC Vol | Interval
DRWC-2-02 IGSCC-C R1.16 }IGSCC Vol | Interval
2-069-003 RWCU from HX "2B" to FW at X-98 RCRD-2-48 IGSCC-D R1.16 |IGSCC Vol | Alt cycle
RCRD-2-52 IGSCC-D R1.16 [IGSCC Vol | Att cycle
RWCU-2-004-082 stress R1.11 Xl vol Intervai
2-071-011 Supp Pool suction line off CS suction line | TRCIC-2-061 stress R1.11 Xl vol Interval
2-073-001 HPCI steam supply from MSL "B" to X-11 | THPCI-2-066 stress R1.11 Xl vol Interval
THPCI-2-068 stress R1.11 Xi vol Interval
THPCI-2-070 stress R1.11 Xl vol Interval
THPCI-2-075 stress R1.11 Xi vol interval
2-073-002 HPCI Turbine steam supply THPCI-2-107 stress R1.11 Xl vot Interval
THPCI-2-109 stress R1.11 Xl vol Interval
2-074-005 RHR from X-13A to recirc line B DRHR-2-09 IGSCC-E R1.16 |IGSCC Vol | Alt cycle
DRHR-2-03 IGSCC-D R1.16 [IGSCC Vol | Alt cycle
2-074-007 RHR from recirc line A to X-12 DRHR-2-22 IGSCC-E R1.16 [IGSCC Vol | Alt cycle
TRHR-2-191 IGscc-C R1.16 |IGSCC Vol | Interval
DSRHR-2-11 IGSCC-C R1.16 |IGSCC Vol | Interval
DRHR-2-21 IGSCC-C R1.16 [IGSCC Vol | Interval
DSRHR-2-08 IGSCC-C R1.16 |IGSCC Vol | Interval
DSRHR-2-10 IGSCC-C R1.16 [IGSCC Vol | interval
DSRHR-2-09 IGSCC-C R1.16 [IGSCC Vol | Interval
2-074-008 Supply line to RHR pumps Aand C TRHR-2-245 stress R1.11 X! vol Interval
2-074-013  |RHR from X-13B to recirc line A DRHR-2-18 IGSCC-C R1.16 |IGSCC Vol | Interval
DSRHR-2-07 IGSCC-C R1.16 |IGSCC Vol | Interval
DSRHR-2-05 iGsCC-C R1.16 |IGSCC Vol| Interval
2-074-027 Supply line to RHR pump A TRHR-2-246 stress R1.11 Xi vol Interval
2-074-030 Supply line to RHR pump B TRHR-2-295 stress R1.12 Xl vol Interval
2-074-031 Supply line to RHR pump D TRHR-2-281 stress Rt1.13 XI vol Interval
2-075-001 CS line B to reactor (NSB) DCs-2-07 IGSCC-C R1.16 {IGSCC Vol | Interval
DCs-2.14 IGSCC-C R1.16 |[IGSCC Voi| Interval
DSCs-2-09 IGSCC-C R1.16 [IGSCC Vol | Interval
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Table 3.8-2
Examinations
Segment Boundary Description Plant ID DegMode  item # Exam Freq
2-075-002  |CS line A to reactor (NSA) DCS-2-05 IGsSCC-C R1.16 |IGSCC Vol | Interval
DSCS-2-01 IGSCC-C R1.18 |IGSCC Vol | Interval
DSCs-2-02 IGSCC-C R1.16 [IGSCC Val| Interval
Notes:
Note 1 Examination to be performed per FAC program.,
Note 2 Examinations to be scheduled per the FAC program. This schedule is a function of previous exam results and predicted
wear rate.
IGSCC Vol Volumetric examination per NUREG-0313 capable of detecting IGSCC. Competency requirements of NUREG-0313 are
applicable.
Xl Vol Volumetric examination per Section X! of the Boiler and Pressure Vessel Code as implemented by 2-S1-4.6.G.
interval Examined once per ten-year interval per the requirements of Section X| and the requirements of NUREG-0313 for IGSCC
Category A and C welds.

Alt cycle Examined every two cycles (S0% per alternate cycle) per the requirements of Section Xi and the requirements of
NUREG-0313 for IGSCC Category D and E welds.

Cycle Examined every cycle per the requirements of NUREG-0313 for IGSCC Category G welds.

Examinations shail be scheduled such that the requirements of IWB-2412 of Section Xi are satisfied.

Additional Examinations

Additional examinations will be performed in accordance with Section -2430 of Code Case N-
577, as implemented in Section 7.14.5.4.i of TVA BFN Surveillance Instruction 2-SI-4.6.G.

3.9  Program Relief Requests

Alternate methods are specified to ensure structural integrity in cases where examination methods
cannot be applied due to limitations such as inaccessibility or radiation exposure hazard.

An attempt has been made to provide a minimum of >90% coverage (per Code Case N-460)
when performing the risk-informed examinations. However, some limitations will not be known
until the examination is performed, since some locations will be examined for the first time by the
specified techniques.

At this time, the risk-informed examination locations that have been selected provide >90%
coverage with the exception of DRWC-2-01A, which receives 72% coverage and was granted
relief November 29, 1995 under RFR ISI-2-4. In instances where a location may be found at the
time of the examination to not meet >90% coverage, the process outlined in Section 4.1 of
WCAP-14572, Revision 1-NP-A will be followed.
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3.10 Change in Risk

The risk-informed ISI program has been done in accordance with Regulatory Guide 1.174, and
the risk from implementation of this program is expected to decrease when compared to that
estimated from current requirements including both Section X1 and augmented.

A comparison between the proposed RI-ISI program and the current ASME Section XI ISI
program was made to evaluate the change in risk.

The risk (both CDF and LERF) addressed by current programs and addressed by the Risk-
Informed program was calculated for each segment and the results tabulated by system, as shown
in Table 3.10-1. The predominant contributors to CDF are Reactor Recirculation, Residual Heat
Removal, and Reactor Water Clean Up with Feedwater and Main Steam also contributing. The
same systems also contribute to LERF. The significance of all of these systems is due to the
possibility of a large LOCA, in combination with active degradation mechanisms (FAC and
IGSCO).
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Table 3.10-1
COMPARISON BY SYSTEM OF CDF/LERF ADDRESSED BY CURRENT PROGRAMS
AND ADDRESSED BY RISK-INFORMED PROGRAM

Applicable COF

System # segs Total Current X! Current Aug Proposed
. Ri+ Aug
001 Ms 56 1.61E-07 1.608E-07 1.608E-07
002 cbw 36 3.89E-09 2.566E-09 2.566E-09
003 Fw 46 3.94E-07 3.940E-07 3.940E-07
023 RHRSW 45 6.07E-11
024 RCW 20 3.19E-09
027 ccw 3 5.19€E-10
063 SLC 5 9.32E-09
067 EECW 28 1.00E-09
068 RECIRC 16 1.47E-05 1.468E-05 1.468E-05
069 RWCU 19 1.21E-06 1.169E-06 1.169E-06
070 RBCCW 17 4.59E-09
o7 RCIC 13 4.64E-10 4.824E-11
073 HPCI 1 3.43E-09 6.499E-11 2.104E-09
074 RHR 31 5.07E-06 6.979E-09 5.052E-06 5.052E-06
075 cs 15 4.22E-10 1.839€-10 3.955E-18 3.955E-18
078 FPC 1 0.00E+Q0 »
085 CRD 31 1.77€-09 8.244E-10 9.244E-10
Total: 393 2.15E-05 7.276E-09 2.146E-05 2.146E-05
Applicable LERF
System #segs Total Current Xi Current Aug Proposed
RI+ Aug
001 MS 56 5.59€E-08 5.557E-08 5.557€E-08
002 cow 36 1.32E-08 8.725€-10 8.725E-10
003 FW 46 1.34E-07 1.340E-07 1.340E-07
023 RHRSW 45 2.06E-11
024 RCW 20 1.08E-09
027 ccw 3 1.77E-10
063 sLC 5 3.22E-09
087 EECW 28 3.40E-10
068 RECIRC 16 4.99E-06 4.992E-06 4.992E-06
069 RWCU 19 4.12E-07 3.974E-07 3.974E-07
070 RBCCW 17 1.56E-09
071 RCIC 13 3.93E-10 1.640E-11
073 HPCI 11 1.17E-09 2.935E-11 7.153€-10
074 RHR 31 1.72E-06 2.302E-09 1.718E-06 1.718E-06
075 cs 15 1.80E-10 6.252E-11 1.345E-18 1.345E-18
078 FPC 1 0.00E+00
085 CRD 31 6.03E-10 3.136E-10 3.136E-10
Total: 393 7.33E-06 2.410E-09 7.298E-06 7.299E-06
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Table 3.10-1
COMPARISON BY SYSTEM OF CDF/LERF ADDRESSED BY CURRENT PROGRAMS
AND ADDRESSED BY RISK-INFORMED PROGRAM

CDF-0A
System # segs Total Current XI Current Aug Proposed
] Ri + Aug
001 MS 56 1.61E-07 1.808E-07 1.608E-07
002 cow 36 3.89E-08 2.566E-09 2.566E-09
003 FW 46 3.84E-07 3.940E-07 3.940E-07
023 RHRSW 45 6.07E-11
024 RCW 20 3.13E-09
027 CcCw 3 2.79E-10
063 SLC 5 9.32E-09
067 EECW 28 1.00E-09
068 RECIRC 16 1.47E-05 1.468E-05 1.468E-05
069 RWCU 19 1.20E-06 1.169E-06 1.169E-06
070 RBCCW 17 4.59E-09
071 RCIC 13 4.64E-10 4.824E-11
073 HPCI 11 3.43E-09 6.499E-11 2.104E-09
074 RHR 3 5.07E-06 6.979E-09 5.052E-06 5.052E-06
075 cs 15 4.22E-10 1.839E-10 3.955E-18 3.955E-18
078 FPC 1 0.00E+00
085 CRD 31 1.77E-09 9.244E-10 9.244E-10
Total: 393 2.15E-05 7.276E-09 2.146E-05 2.146E-05
CDF-noOA
System # segs Total Current XI Current Aug Proposed
RI + Aug
oo1 Ms 56 1.61E-07 1.608€E-07 1.608E-07
002 cDwW 36 4.60E-09 2.566E-09 2.566E-09
003 FW 46 3.94E-07 3.840€-07 3.940E-07
023 RHRSW 45 1.21E-08
024 RCW 20 2.64E-08
027 CCw 3 5.19E-10
063 SLC 5 9.31E-09
067 EECW 28 3.97E-07
068 RECIRC 16 1.47E-05 1.468E-05 1.468E-05
068 RWCU 19 1.21E-06 1.169E-06 1.169E-06
070 RBCCW 17 4.59E-09
o071 RCIC 13 3.97E-08 4.824E-11
073 HPCI 11 7.61E-09 3.874E-11 2.104E-09
074 RHR 3 5.10E-06 4.036E-08 $.052E-06 5.052E-06
075 cs 15 3.22E-09 6.626E-10 3.955E-18 3.855&-18
078 FPC 1 0.00E+00
08s CRD A 1.77E-09 8.244E-10 9.244E-10
Total: 393 2.20E-05 4.111E-08 2.146E-05 2.146E-05
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Table 3.10-1
COMPARISON BY SYSTEM OF CDF/LERF ADDRESSED BY CURRENT PROGRAMS
AND ADDRESSED BY RISK-INFORMED PROGRAM

LERF-OA
System # segs Total Current X| Current Aug Proposed
Rl + Aug

001 MS 56 5.59E-09 5.557E-08 5.557E-08
002 cow 36 1.32€-09 8.725E-10 8.725E-10
003 FW 46 1.34E-07 1.340E-07 1.340E-07
023 RHRSW 45 2.06E-11
024 RCW 20 1.07E-09
027 ccwW 3 9.50E-11
063 SLC 5 3.17E-08
067 EECW 28 3.40E-10
068 RECIRC 16 4.99E-06 4.992E-06 4.992€-06
069 RWCU 19 4.09E-07 3.974E-07 3.974E-07
070 RBCCW 17 1.56E-09
071 RCIC 13 3.93E-10 1.640E-11
073 HPCI 11 1.17E-08 2.93SE-11 7.153E-10
074 RHR 31 1.72E-06 2.373E-09 1.718E-06 1.718E-06
075 cs 16 1.80E-10 6.252E-11 1.345E-18 1.345E-18
078 FPC 1 0.00E+00
08s CRD 3 6.03E-10 3.136E-10 3.136E-10

Total: 393 7.27E-06 2.481E-09 7.298E-06 7.289E-06

LERF-noOA
System # segs Total Current XI Current Aug Proposed
Rl + Aug

o MS 56 5.59E-09 5.557E-08 5.557E-08
002 cow 36 1.56E-09 8.725E-10 8.725€-10
003 FW 46 1.34E-07 1,340E-07 1.340E-07
023 RHRSW 45 4.09E-10
024 RCW 20 8.98E-10
027 cCcw 3 1.77€-10
063 sLC 5 3.16E-09
067 EECW 28 1.35E-07 -
068 RECIRC 16 4.99E-06 4.992E-06 4.992E-06
069 RWCU 19 4.12E-07 3.974E-07 3.974E-07
070 RBCCW ] 17 1.56E-09
o071 RCIC 13 3.92E-08 1.640E-11
073 HPCI 1 4.45E-09 3.045E-11 7.153E-10
074 RHR 31 1.76E-06 4.006E-08 1.718E-06 1.718E-06
075 cs 15 1.77E-09 5.445E-10 1.345E-18 1.345E-18
078 FPC 1 0.00E+00
085 CRD 3 6.03E-10 3.136E-10 3.136E-10

Total: 393 7.49E-06 4.065E-08 7.298E-06 7.299E-06
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Table 3.10-2 provides a comparison of CDF/LERF for the current and Risk-Informed programs,
utilizing the different failure rates with or without inspection. CDF and LERF under the current
Section XI program are 99.99 percent of the base CDF and base LERF with no ISI. Under the
current Augmented programs, CDF and LERF are 61.50 percent of base. For the Risk-Informed
program, CDF is and LERF are also 61.51 percent of base, representing a risk neutral application
when compared to the combination of existing programs.

Table 3.10-2
COMPARISON OF APPLICABLE CDF/LERF FOR CURRENT PROGRAMS
AND FOR RISK-INFORMED PROGRAM

Program Piping CDF Piping LERF
Without IS! 2.155E-05 : 7.329E-06
Current Section X| 2.154E-05 7.328E-06
(99.99%) {99.99%)
Current Augmented 1.325E-05 4.509E-06
{61.5%) . (61.52%)
Current Section Xl 1.325E-05 4.508E-06
+Augmented (61.5%) (61.51%)
Risk-Informed 1.325E-05 4.508E-06
(61.5%) (61.51%)

The large disparity between the risk detected by the current Section XI program and that detected
by the Risk-Informed program is due to the failure mechanisms involved. The majority of the risk
is due to IGSCC and FAC, which are not detected by the examinations specified in Section XI.
The Risk-Informed program specifies examination and qualification in accordance with NUREG-
0313 for elements subject to IGSCC and utilizes the plant FAC monitoring program, which
provides adequate detection for those failure mechanisms. The fact that risk neutrality occurs
when compared to the combination of Section X1 and augmented programs shows that the
augmented programs compensated for the shortcomings of the Section XI program. This Risk-
Informed ISI Program provides a single entity which adequately treats the total risk.

The Browns Ferry Unit 3 RI-ISI program represents reduction of risk with respect to current
programs while Unit 2 is risk neutral. This is due to the fact that Unit 3 predominantly has
IGSCC Category A welds, 25% of which are inspected under the current program. The risk
improvement was due to a targeted selection of welds to be examined instead of a random
selection. Unit 2 has predominantly non-Category A welds (92% vs 59% for Unit 3), all of which
are inspected under the current program.

Defense-In-Depth

The basic concept of defense-in-depth is to provide muitiple means to accomplish safety functions
and prevent the release of radioactive materials.

Multiple means to accomplish safety functions are provided by the functional redundancy inherent
in plant design. The PSA used as the basis of this analysis models these redundant functions.
Individual quantifications were performed in this PSA for each instance in which a potential pipe
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failure impacted a mitigating system with no specific associated initiating event. These
quantifications incorporated all potential initiating events, maintaining the system redundancy
inherent to maintaining defense-in-depth.

Defense-in-depth with respect to radioactive material is maintained by assuring there are multiple
barriers to release. The first barrier is the fuel cladding, whose damage is the basis for the Core
Damage Frequency metric basic to this analysis. The next barrier is reactor coolant pressure
boundary integrity. To assure that this barrier is maintained, additional areas are identified for
their contribution to reducing risk of core damage frequency. Specifically, piping which could
potentially result in a large LOCA was included, even if the risk associated with the segment was
minimal or nonexistent. Additionally, reactor coolant pressure boundary integrity is maintained by
continued implementation of pressure testing and visual examination per ASME Section XI.

New Information

During the initial analysis of Unit 2 for the Risk-Informed program, a power upgrade was
implemented. This resulted in new stress calculations and new stress values used in the failure
probability calculations. Although the entire analysis had been completed at that point, the new
stress values were incorporated, new failure rates calculated, and the entire risk analysis re-
performed. While the total potential risk due to piping failure increased and some segments
previously selected for defense-in-depth due to large LOCA potential became significant based on
their failure rates, the relative ranking was consistent. This exercise validated the concept of
selecting segments based on defense-in-depth, because no new segments were selected for
inclusion based on the new analysis.

4. IMPLEMENTATION AND MONITORING PROGRAM

A proposed revision to TVA BFN Surveillance Instruction 2-SI-4.6.G has been written to
implement and monitor the RI-ISI Program. That revision complies with the guidelines described
in Regulatory Guide 1.174 and 1.178 (Trial Use) and implemented in the ASME Boiler and
Pressure Vessel Code, Section XI, as Code Case N-577. Upon approval of the RI-ISI program,
that revision will be implemented. The new program will be integrated into the existing ASME
Section XI interval. No changes to the Final Safety Analysis Report are necessary for program
implementation.

The applicable aspects of the Code not affected by this change will be retained, such as inspection
methods, acceptance guidelines, pressure testing, corrective measures, documentation
requirements, and quality control requirements. Existing ASME Section XI program
implementing procedures will be retained and modified to address the RI-ISI process, as
appropriate. Additionally the procedures include the high safety significant locations in the
program requirements regardless of their current ASME class.

The proposed monitoring and corrective action program will contain the following elements:
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A [dentify

B. Characterize

C. (1) Evaluate, determine the cause and extent of the condition identified
(2) Evaluate, develop a corrective action plan or plans

D. Decide

E. Implement .

F. Monitor

G. Trend

The RI-ISI program is a living program requiring feedback of new relevant information to ensure
the appropriate identification of high safety significant piping locations. Significant changes to
basis documents such as the plant PSA will be evaluated for impact on the risk ranking of piping
segments when such changes are identified. As a minimum risk ranking of piping segments will be
reviewed and adjusted on an ASME period basis. Significant changes may require more frequent
adjustment as directed by NRC bulletin or Generic Letter requirements, or by plant specific
feedback.

The RI-ISI program will be maintained and adjusted for new relevant information. The control
process to adjust the RI-ISI program will include the following inputs:

- Changes to plant design features.

- Changes to plant procedures and PSA.

- Equipment performance changes.

- Information on individual plant and industry failures.
- Examination results

During each operating cycle, the Program Owner will maintain an awareness of input changes.
The BFN site control processes that provide input into the RI-ISI program will be enhanced to
include the appropriate guidance. After each refueling outage, the effects of the changes will be
evaluated to determine if a change to the Program is required.

The RI-ISI program will be updated, if required, before the next refueling outage. The
Maintenance Rule Expert Panel will review proposed RI-ISI program changes and provide
program oversight. The following provides an overview of the RI-ISI program inputs.

Changes to Plant Design Features
Design changes have the potential to change piping configuration and alter stress calculations
that were used as input to the calculations performed in support of the RI-ISI program. New
systems and branch piping will be evaluated for inclusion into the scope of the RI-ISI program.
Consequently, the Design Control program will be revised to recognize RI-ISI and to ensure
impact is appropriately evaluated during design preparation, review, and implementation. The
existing design impact review process will also be used to ensure the impact of design changes
on RI-ISI has been appropriately considered prior to final approval. The calculations
supporting the RI-ISI program will be entered into TVA’s calculation tracking program to
ensure appropriate predecessors and inputs are identified and considered during design change
preparation and review.
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Changes to PSA
Since the PSA forms the basis for the RI-ISI program, any changes to the PSA or risk
significance determination will be evaluated for impact on the RI-ISI program. This would also
include changes to risk significance categories mandated by the Maintenance Rule Expert Panel.
The PSA and Design Control procedures will be revised to ensure PSA changes also consider
changes to the RI-ISI program and that RI-ISI changes are initiated as required.

Changes to Plant Procedures
Changes to plant procedures that affect ISI, such as system operating parameters, test interval,
or the ability of plant operations to perform actions associated with accident mitigation will be
evaluated for effect on the program.

Equipment Performance Changes
Equipment performance changes will be reviewed with appropriate plant personnel (e.g., system
engineers, maintenance etc.,) to ensure that changes in performance parameters (e.g., valve
leakage, increased pump testing, vibration problems) are considered in the RI-ISI update.
Adverse equipment performance will be evaluated for changes to the RI-ISI inspection scope.

Information on Individual Plant and Industry failures
The Program Owner will consider applicable piping failures or degradations identified by the
site’s corrective action program. Industry awareness will be maintained through the sites
Operating Experience program, NRC Generic Letters and Bulletins, site participation in Boiling
Water Owners Group initiatives, and participation in the ASME Section XI Code committee
activities.

Examination Results
NDE examinations, pressure tests, and corresponding VT-2 visual examinations for leakage that
are determined to have unacceptable flaws, evidence of service related degradation or
indications of leakage will be evaluated for effect to the program.

The Maintenance Rule Expert Panel will provide the oversight role for the RI-ISI program. The
Expert Panel will review proposed changes to the program. As with past reviews, personnel
possessing expertise in RI-ISI evaluation and ISI inspection/evaluation will be present during
presentation and review of the above items.
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5. PROPOSED ISI PROGRAM PLAN CHANGE

The locations selected for examination in the RI-ISI program and augmented programs were
compared to the locations examined under the previous programs. The results are tabulated in
Table 5-1. The current ASME Section X1 selects a total of 205 locations for non-destructive
exams, while the proposed RI-ISI program selects 67 locations for exams and credits 14 FAC
segments, which results in a reduction of 138 non-destructive exam locations (67.3%). The
current Generic Letter 88-01 augmented program for IGSCC selects a total of 144 locations for
non-destructive exams while the proposed RI program selects 133 locations for exams, which
results in a reduction of 11 non-destructive exam locations (7.6%). The proposed program
examines 10 (100%) B-F, 132 (34%) B-T, 2 (1.2%) C-F-1, and 11 (1.2%) C-F-2 welds. Socket
welds will be examined in accordance with the current ASME Section XI Program and will not be
impacted by the proposed Risk-Informed ISI Program.

Table 5-1
STRUCTURAL ELEMENT SELECTION RESULTS AND COMPARISON TO ASME SECTION XI
1989 EDITION REQUIREMENTS AND GL 88-01 REQUIREMENTS

Current Proposed (a) (b) (c)
ASME X! Elements (d) Augmented Elements RI-ISI Examinations
System #Segs| B-F B-J {C-F-1|C-F-2] A C{D}|E G Dual |FAC{@)|R1.11|R1.16|R118] A|C|D|E |G
Credit
Xl &
Aug)
001 MS 56 32 10 295 |2Cl2 4
002 CDW 36 478
003 FW 46 18 321 |2ClH1 10
023 RHRSW 45
024 RCW 20
027 CCw 3
063 SLC 5
067 EECW 28
068 RECIRC 16 21 10 | S8 10 35 Cl1 17 C 58 10
9 E
069 RWCU 19 6 1 8| 2|3 5 CI1 1Ci1|5 C 81213
2 D
070 RBCCW 17
071 RCIC 13 2 ] 1Cl2
073 HPCI 11 5 5 14 4Cl1
2C12
074 RHR 31 1 ) 2 37 28| 1 2 2 j10Ct 9 C 291112} 2
2 CI2 10
2 E
075 Cs 15 8 5 6 12 14 1 16 Cl 1 6 C 14 1
078 FPC 1
085 CRD 3N 1 6 3 1 Ci1
Total Exams 363 10 98 13 85 11 (109 6 | 16 2 Brzciq @ [7Ci1|51 14 109 6 | 16] 2
Cl 9cCl2
Total Elements 10 392 | 173 | 940 ﬁzli

Notes: (a) System pressure test requirements and VT-2 visual examinations shall continue to be performed in all
ASME Code Class 1, 2, and 3 systems.
(b) Augmented programs including FAC and Reactor Nozzle Thermal Fatigue Cracking (NUREG-0619) continue
(c) Augmented program for IGSCC Categories C through G (GL88-01, NUREG-0313) continues.

(d) The current ASME Section X! IS! Program examines a minimum of 25% of the Class 1anda minimum of 7.5% of the Class 2
elements
(e) The FAC Augmented Program examines approximately 10% of the identified locations each refueling outage.
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Attachment 1

Segment
CDF, LERF, and RRW

for
Applicable Case,
Operator Action,
and
No Operator Action
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001
2-001-001

2-001-002

2-001-003
2-001-004
2-001-005
2-001-006
2-001-007
2-001-008
2-001-009
2-001-010
2-001-011

2-001-012

2-001-013

2-001-014

2-001-015
2-001-016
2-001-017
2-001-018

2-001-019

Main Steam

18" - 31" supply line from MS header to
High pressure turbine

2-6" supply line from MS headerto RFP

Turbines A", "B", and "C" at HPSVs FCV
1-127, 135, and 143; and valves
FCV-1-172, 1565, 173, 186, 1768 and

8" discharge line from Turb Bypass Valve
FCV 1-61 to Condenser "A"

8" discharge line from Turb Bypass Valve
FCV 1-64 to Condenser "A"

8" discharge line from Turb Bypass Valve
FCV 1-67 to Condenser "A"

8" discharge line from Turb Bypass Valve
FCV 1-68 to Condenser "B"

8" discharge line from Turb Bypass Valve
FCV 1-65 to Condenser “B"

8" discharge line from Turb Bypass Valve
FCV 1-62 to Condenser "B"

8" discharge line from Turb Bypass Valve
FCV 1-69 to Condenser "C"

8" discharge line from Turb Bypass
Valve FCV 1-66 to Condenser "C"

8" discharge line from Turb Bypass Valve
FCV 1-63 to Condenser "C"

42" discharge line from HP Turbine to
Moisture Separator "A1" w/ 24" branch to
FCV §-1 in No. 1 Ext steam line

42" discharge line from HP Turbine to
Moisture Separator “C1"

42" discharge line from HP Turbine to
Moisture Separator "B1" w/ 24" branch to
No. 1 Ext steam line

42" discharge line from HP Turbine to
Moisture Separator “C2"

42" discharge line from HP Turbine to
Moisture Separator "B2"

42" discharge line from HP Turbine to
Moisture Separator "A2"

36" supply line from Moisture Separator
“A1" to LP Turbine “A”

36" supply line from Moisture Separator
"B1" to LP Turbine "B"

CDF-OA RRW CDF-noOA RRW

2.77E-10 1.000

2.77E-10 1.000

1.18E-10 1.000
1.18E-10 1.000
1.18E-10 1.000
1.18E-10 1.000
1.18E-10 1.000
1.18E-10 1.000
1.18E-10 1.000
1.18E-10 1.000
1.18E-10 1.000

2.79E-10 1.000

2.48E-10 1.000

2.79E-10 1.000

1.91E-10 1.000
1.91E-10 1.000
2.48E-10 1.000
3.82E-10 1.000

3.82E-10 1.000
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2.77E-10 1.000

2.77€-10 1.000

1.18E-10 1.000
1.18E-10 1.000
1.18E-10 1.000
1.18€-10 1.000
1.18E-10 1.000
1.18E-10 1.000
1.18€-10 1.006
1.18E-10 1.000
1.18E-10 1.000

2.79E-10 1.000

2.48E-10 1.000

2.79E-10 1.000

1.91E-10 1.000
1.91E-10 1.000
2.48E-10 1.000
3.82E-10 1.000

3.82E-10 1.000

LERF-OA RRW LERF-noOA RRW

2.77€-10 1.000

2.77E-10 1.000

4.00E-11 1.000
4.00E-11 1.000
4.00E-11 1.000
4.00E-11 1.000
4.00E-11 1.000
4.00E-11 1.000
4.00E-11 1.000
4.00E-11 1.000
4.00E-11 1.000

9.48E-11 1.000

8.42E-11 1.000

9.48E-11 1.000

6.48E-11 1.000

6.48E-11 1.000
8.42E-11 1.000
1.30E-10 1.000

1.30E-10 1.000

2.77E-10 1.000
2.77E-10 1.000
4.00E-11 1.000
4.00E-11 1.000
4.00E-11 1.000
4.00E-11 1.000
4.00E-11 1.000
4.00E-11 1.000
4.00E-11 1.000
4.00E-11 1.000
4.00E-11 1.000

9.48E-11 1.000

8.42E-11 1.000

9.48E-11 1.000

6.48E-11 1.000

6.48E-11 1.000
8.42E-11 1.000
1.30E-10 1.000

1.30E-10 1.000




001
2-001-020
2-001-021
2-001-022
2-001-023
2-001-024
2-001-025
2-001-026
2-001-027
2-001-028
2-001-029

2-001-036

2-001-037

2-001-038

2-001-039

2-001-040

2-001-041

2-001-042

Main Steam

36" supply line from Moisture Separator

"C1" to LP Turbine "C"

36" supply line from Moisture Separator

"C2" LP Turbine "C"

36" supply line from Moisture Separator

"B2" LP Turbine "8"

36" supply line from Moisture Separator

“A2" LP Turbine "A"

52" discharge line from RFP Turbine "A"

to Condenser "A"

52" discharge line from RFP Turbine "B" to
Condenser “B"

52" discharge line from RFP Turbine "C" to
Condenser "C"

10" Supply line to RFPT LP header from
Moisture Separator B1

10" Supply line to RFPT LP header from
Moisture Separator C1

10" - 8" RFPT LP steam supply header to
LPSVs FCV 1-123, 131, and 139

26" discharge line from Reactor to
penetration X-7A including valves
PCV-1-4, 179, 5 and penetrations X-34A
26" discharge line from Reactor to
penetration X-78 including valves
PCV-1-18, 19, 22, 23 and penetrations
X-34B and X-308

26" discharge line from Reactor to
penetration X-7C including valves
PCV-1-30, 31, 34, and penetrations
X-34C and X-30C :

26" discharge line from Reactor to
penetration X-7D including valves
PCV-1-41, 180, 42 and penetrations
X-34D and X-30D

1" instrument line from penetrations
X-34A and X-30Ato FT 1-13

1" instrument line from penetrations
X-34B and X-30B to FT 1-25

1-2" drain line from FCV-1-14, 26, 37, and
51 and from RCIC/HPCI turbine steam
supply lines to FCV 1-55

CDF-OA RRW CDF-noOA RRW

3.82E-10 1.000
3.82E-10 1.000
3.82E-10 1.000
3.82E-10 1.000
1.12E-10 1.000
1.12E-10 1.000
1.12E-10 1.000
1.94E-10 1.000
1.94E-10 1.000
4.60E-10 1.000

3.83E-08 1.002

3.83E-08 1.002

3.83E-08 1.002

3.83E-08

1.002

0.00E+00 1.000

0.00E+00 1.000

4.87€-11 1.000
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3.82E-10 1.000

3.82E-10 1.000
3.82E-10 1.000
3.82E-10 1.000
1.12E-10 1.000
1.12E-10 1.000
1.12E-10 1.000
1.94E-10 1.000
1.94E-10 1.000
4.60E-10 1.000

3.83E-08 1.002

3.83E-08 1.002

3.83E-08

1.002

3.83E-08 1.002

0.00E+00 1.000

0.00E+00 1.000

4.87E-11 1.000

LERF-OA RRW LERF-noOA RRW

1.30E-10 1.000 1.30E-10 1.000
1.30E-10 1.000 1.30E-10 1.000
1.30E-10 1.000 1.30€-10 1.000
1.30E-10 1.000 1.30E-10 1.000
3.82E-11 1.000 3.82E-11 1.000
3.82E-11 1.000 3.82€-11 1.000
3.82E-11 1.000 3.82E-11 1.000
6.60E-11 1.000  6.60E-11 1.000
6.60E-11 1.000  6.60E-11 1.000
1.56E-10 1.000 1.56E-10 1.000
1.30E-08 1.002 1.30E-08 1.002
1.30E-08 1.002 1.30E-08 1.002
1.30E-08 1.002 1.30E-08 1.002
1.30E-08 1.002 1.30E-08 1.002
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
1.65E-11 1.000 1.65€-11 1.000




001
2-001-043
2-001-044
2-001-045
2-001-046
2-001-047
2-001-048
2-001-049
2-001-050
2-001-051
2-001-052
2-001-053
2-001-054
2-001-055
2-001-056
2-001-057
2-001-058
2-001-059
2-001-060
2-001-061

2-001-062

Main Steam

1" instrument line from penetrations
X-34D and X-30D to FT 1-50

1" instrument line from penetrations
X-34C and X-30C to FT 1-36

24"-26" discharge line from penetration
X-7A to Main Steam Header

24"-26" discharge line from penetration
X-78B to Main Steam Header

3" discharge line from FC¥-1-55 to
FCV-1-56

24"-26" discharge line from penetration
X-7C to Main Steam Header

24"-26" discharge line from penetration
X-7D to Main Steam Header

10" discharge line from MS Relief
PCV-1-18 to Suppression pool

10" discharge line from MS Relief
PCV-1-30 to Suppression pool

10" discharge line from MS Relief
PCV-1-31 to Suppression pool

10" discharge line from MS Relief
PCV-1-34 to Suppression pool

10" discharge line fromMS Relief
PCV-1-42 to Suppression poot

10" discharge line from MS Relief
PCV-1-41 to Suppression pool

10" discharge line from MS Relief
PCV-1-180 to Suppression pool

10" discharge line from MS Relief
PCV-1-19 to Suppression pool

10" discharge line from MS Relief
PCV-1-22 to Suppression pool

10" discharge line from MS Relief
PCV-1-23 to Suppression pocl

10" discharge line from MS Relief
PCV-1-4 to Suppression poo}

10" discharge line from MS Relief
PCV-1-5 to Suppression pool

10" discharge line from MS Relief
PCV-1-179 to Suppression pool
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CDF-OA RRW CDF-noOA RRW

0.00E+00 1.000
0.00E+00 1.000
2.77E-10 1.000
2.77E-10 1.000
0.00E+00 1.000
2.77E-10 1.000
2.77E-10 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000

0.00E+00
0.00E+00
277E-10
277E-10
0.00E+00
2.77E-10
277E-10
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000

LERF-OA RRW
0.00E+00 1.000

0.00E+00 1.000
2.77E-10 1.000
2.77E-10 1.000
0.00E+00 1.000
2.77E-10 1.000
2.77E-10 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000

LERF-noOA RRW
0.00E+00 1.000

0.00E+00 1.000
277E-10 1.000
2.77E-10 1.000
0.00E+00 1.000
2.77E-10 1.000
2.77E-10 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000




002 Condensate and Demineralized Water

2-002-001

2-002-002
2-002-003
2-002-004

2-002-005
2-002-006

2-002-007
2-002-008

2-002-009
2-002-010

2-002-011
2-002-012
2-002-013
2-002-014
2-002-015
2-002-016

2-002-017
2-002-018

2-002-019
2-002-020
2-002-021

2-002-022

18" suction header to RFPs A, B, & C and
S/U bypass valve LCV 3-53 from FCVs

2-124,125, 126

18" line from heater "C4" through heater

“C3"to FCV 2-126

18" line from heater "B4" through heater

“B3"to FCV 2-125

18" line from heater "A4" through heater

"A3" to FCV 2-124

18" line from heater "A5" to heater "A4"
18" line from FCV 2-72 through drain

cooler "A5" to heater "AS"

18" line from heater “B5" to heater "B4"
18" line from FCV 2-84 through drain
cooler “BS" to heater "BS"

18" line from heater "C5" to heater "C4"
18" line from FCV 2-96 through drain

cooler “C5" to heater "CS"

10" - 30" CBP Disch Header to FCVs
2-72, 84, & 96 and Condenser Recirc

short cycle valves FCV-2-20A & B

14" - 18" CBP A discharge

14" - 18" CBP B discharge

14" - 18" CBP C discharge

18"-30" supply line from Demineralizers to
Condensate Booster pumps "A", "B", "C"
10" makeup line from FCV-2-611 to
Hotwell "A"

4" makeup bypass line around LCV 2-7

3"-10" line from Turbine penetration to
FCV-2-648 and CHK-2-640

24" cross connection line from Hotwell
"A" to Hotwell "B"

24" cross connection line from Hotwell
"B" to Hotwell "C"

36" suction header from Hotweli "A", "B",
“C” to Condensate pumps "A", “8", "C"
18-30" Condensate Pump discharge
header to Steam Packing Exhauster
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CDF-OA RRW CDF-noOA RRW

1.83E-10 1.000

1.83E-10 1.000
1.83E-10 1.000
1.83E-10 1.000

1.83E-10
1.83E-10

000
000
1.83E-10 1.000
1.83E-10 1.000

1.83E-10 1.000
1.83E-10 1.000

1.83E-10 1.000
1.83E-10
1.83E-10
1.83E-10
5.10E-12
3.85E-12 1.000

4.53E-10 1.000
7.40E-10 1.000

2.38E-13 1.000
2.38E-13 1.000
1.51E-14 1.000

1.36E-11 1.000

1.83E-10 1.000

1.83E-10 1.000
1.83E-10 1.000
1.83E-10 1.000

1.83E-10 1.000
1.83E-10 1.000

1.83E-10 1.000
1.83E-10 1.000

1.83E-10 1.000
1.83E-10 1.000

1.83E-10 1.000
1.83E-10 1.000
1.83E-10 1.000
1.83E-10 1.000
S.10E-12 1.000
3.85E-12 1.000

4.53E-10 1.000
7.40E-10 1.000

2.38E-13 1.000
2.38E-13 1.000
1.51E-14 1.000

1.36E-11 1.000

LERF-OA RRW LERF-noOA RRW

6.23E-11 1.000 6.23E-11 1.000
6.23E-11 1.000 6.23E-11 1.000
6.23E-11 1.000 6.23E-11 1.000
6.23E-11 1.000 6.23E-11 1.000
6.23E-11 1.000 6.23E-11 1.000
6.23E-11 1.000 6.23E-11 1.000
6.23E-11 1.000 6.23E-11 1.000
6.23E-11 1.000  6.23E-11 1.000
6.23E-11 1.000 6.23E-11 1.000
6.23E-11 1.000  6.23E-11 1.000
6.23E-11 1.000 6.23E-11 1.000
6.23E-11 1.000 6.23E-11 1.000
6.23E-11 1.000 6.23E-11 1.000
6.23E-11 1.000  6.23E-11 1.000
1.74E-12 1.000 1.74E-12 1.000
1.31E-12 1.000 1.31E-12 1.000
1.54E-10 1.000 1.54E-10 1.000
251E-10 1.000  251E-10 1.000
8.08E-14 1.000  8.08E-14 1.000
8.08E-14 1.000  B.08E-14 1.000
5.14E-15 1.000 5.14E-15 1.000
4.61E-12 1.000 4.61E-12 1.000




002 Condensate and Demineralized Water

2-002-023

2-002-024
2-002-025

2-002-026
2-002-027
2-002-028
2-002-029
2-002-030
2-002-031
2-002-032
2-002-033
2-002-034

2-002-035

2-002-036

30" line from Steam Packing Exhauster to
Demineralizer inlets

16" SPE bypass

10" - 14" Supply to SJAEs from Cond
Pump Discharge header

8" Supply to Off Gas Condenser from
Cond Pump Discharge header

8" - 14" Discharge from SJAEs & Off Gas
Condenser

10" Bypass line from Turb Bldg
penetration to 24" Aluminum CST2 Header
10" Condenser makeup line from 20"
CST2 header to Turb Bldg penetration

20" Aluminum header from steel header
from CST2 to steel header going to Rx

20" Aluminum header from steel header
from CST2 to Rx bldg

20" steel CST header from aluminum
portion to Rx Bldg

20" steel CSTheader in Rx Bidg to HPCI
test connection & blind flange

24" Aluminum CST header in Rx Bidg to
Safety Systems Supply header

20" header from CST2 through FCV 2-163
to aluminum header and cross-tie valve
0-2-701

20" header from CST2 through FCV 2-162
to aluminum header and cross-ie valve
0-2-701
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CDF-0OA RRW CDF-noOA RRW

3.47E-12 1.000

6.72E-12 1.000
1.69E-11 1.000

3.95E-11 1.000
3.95E-11 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

3.47E-12 1.000

6.72E-12
1.69E-11

1.000
1.000
3.95E-11 1.000
3.95E-11 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
2.05E-14 1.000
1.75E-11 1.000
6.89E-10 1.000

0.00E+00 1.000

0.00E+00 1.000

LERF-OA RRW
1.18E-12 1.000

2.28E-12
5.76E-12

1.000
1.000

1.34E-11 1.000
1.34E-11 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

LERF-noOA RRW
1.18E-12 1.000

2.28E-12 1.000
5.76E-12 1.000

1.34E-11 1.000
1.34E-11 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
6.96E-15 1.000
5.95E-12 1.000
2.34E-10 1.000

0.00E+00 1.000

0.00E+00 1.000




003 Feedwater

2-003-001
2-003-002
2-003-003

2-003-004

2-003-005
2-003-006
2-003-007
2-003-008
2-003-009
2-003-010
2-003-011
2-003-012
2-003-013
2-003-014
2-003-015

2-003-016

2-003-017
2-003-018

2-003-019

1"-2" instrument line.from Reactor N12A
nozzle to penetrations X-17A & X-17B
1"-2" instrument line from Reactor N16A
hozzle to penetration X-28C

1"-2" instrument line from Reactor N11A
nozzle penetration X-288

1" instrument line from RPV head vent N7
nozzle at refuel floor penetration to
penetration X-28E

1" instrument line from high pressure seal
leakoff N12 nozzle to penetration X-28F
24" supply line from penetration X-9A to
HCV-3-67

24" supply line from penetration X-9B to
HCV-3-66

24" supply line from steam tunnel wall to
penetration X-9A

24" supply line from steam tunnel wall to
penetration X-9B

1" inst lines from penetration X-178 to
ECKV-3-816

1" inst lines from penetration X-17A to
ECKV-3-817

1" inst lines from penetration X-28C to
ECKV-3-227A

1" inst lines from penetration X-28B to
ECKV-3-226A

1" inst lines from penetration X-28E to
ECKV-3-229A

1" inst lines from penetration X-28F to
ECKV-3-231A

1" instrument line fram RPV head vent at
refuel floor penetration to 10-500,
FCV-3-98 and MS line C

1"-2" RPV head vent from N7 nozzle thru
primary containment

1"-2" instrument line from Reactor N12B
nozzle to penetration X-26A and X-26B
1"-2" instrument line from Reactor N168
nozzle to penetration X-29C

CDF-OA RRW CDF-noOA RRW

0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000 0.00E+00 1.000
3.83E-08 1.002 3.83E-08 1.002
3.83E-08 1.002 3.83E-08 1.002
4.15E-10 1.000 4.15E-10 1.000
8.67E-09 1.000 8.67E-09 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000 0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000 0.00E+00 1.000
0.00E+0C0 1.000  0.00E+00 1.000
0.00E+00 1.000 0.00E+00 1.000
0.00E+00 1.000 0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000
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LERF-OA RRW
0.00E+00 1.000

0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000
1.30E-08 1.002
1.30E-08 1.002
1.41E-10 1.000
2.85E-09 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000

LERF-noOA RRW
0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

1.30E-08 1.002
1.30E-08 1.002
1.41E-10 1.000
2.95E-09 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000




003 Feedwater

2-003-020
2-003-021
2-003-022
2-003-023
2-003-024
2-003-025
2-003-026
2-003-027
2-003-028
2-003-029
2-003-030
2-003-031
2-003-032
2-003-033
2-003-034
2-003-035
2-003-036
2-003-037
2-003-038
2-003-039

2-003-040

1“-2" instrument line from Reactor N11B
nozzle to penetration X-29D

1" inst lines from penetration X-26A to
ECKV-3-819

1" inst lines from penetration X-26B to
ECKV-3-818

1" inst lines from penetration X-29C to
ECKV-3-235A

1" inst lines from penetration X-29D to
ECKV-3-236A

18"-30" line from FCV-3-75, 76, 77 to
steam tunnel wall

20" cross connection line from FW Heater
"2AZ" to FW Heater "2A1"

20" cross connection line from FW Heater
“2B2" to FW Heater "2B1"

20" cross connection line from FW Heater
"2C2" to FW Heater "2C1"

18" inlet line to FWH 2A2 from FCV 3-38
18" inlet line to FWH 2B2 from FCV 3-31
18" inlet fine to FWH 2C2 from FCV 3-24
18" - 30" header from RFP discharge
valves FCV 3-5, 3-12, 3-19 to FWH
isolation valves FCV 3-24, 3-31, 3-38

18" discharge line from RFW Pump “C" to
FCV-3-5 and FCV-3-6

18" discharge line from RFW Pump “B" to
FCV-3-12 and FCV-3-13

18" discharge line from RFW Pump "A" to
FCV-3-19 and FCV-3-20

20" supply line from HCV-3-67 to 12" inlet
piping - ring header

12" supply line from 20" ring header to
Reactor (N4A)

12" supply line from 20" ring header to
Reactor (N4B)

12" supply line from 20" ring header to
Reactor (N4C)

20" supply line from HCV-3-66 to 12" inlet
piping - ring header
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CDF-OA RRW CDF-ncOA RRW

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.04E-10
1.04E-10
1.04E-10
1.04E-10
1.04E-10
1.04E-10
1.04E-10
1.04E-10
1.04E-10
1.04E-10
1.04E-10
3.83E-08
3.83E-08
3.83E-08
3.83E-08

3.83E-08

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.002
1.002
1.002
1.002

1.002

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.04E-10
1.04E-10
1.04E-10
1.04E-10
1.04E-10
1.04E-10
1.04E-10
1.04E-10
1.04E-10
1.04E-10
1.04E-10
3.83E-08
3.83E-08
3.83E-08
3.83E-08

3.83E-08

1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000

1.000
1.000
1.000
1.002
1.002
1.002
1.002

1.002

LERF-OA RRW LERF-noCA RRW

0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
3.54E-11 1.000 3.54E-11 1.000
3.54E-11 1.000 3.54E-11 1.000
3.54E-11 1.000 3.54E-11 1.000
3.54E-11 1.000 3.54E-11 1.000
3.54E-11 1.000 3.54E-11 1.000
3.54E-11 1.000 3.54E-11 1.000
3.54E-11 1.000 3.54E-11 1.000
3.54E-11 1.000 3.54E-11 1.000
3.54E-11 1.000 3.54E-11 1.000
3.54E-11 1.000 3.54E-11 1.000
3.54E-11 1.000 3.54E-11 1.000
1.30E-08 1.002 1.30E-08 1.002
1.30E-08 1.002 1.30E-08 1.002
1.30E-08 1.002 1.30E-08 1.002
1.30E-08 1.002 1.30E-08 1.002
1.30E-08 1.002 1.30E-08 1.002




003 Feedwater

2-003-041
2-003-042
2-003-043
2-003-044

2-003-045
2-003-046

12" supply line from 20" ring header to
Reactor (N4F)
12" supply line from 20" ring header to
Reactor (N4E)
12" supply line from 20" ring header to
Reactor (N4D)
line from FW Heater 2A1 to FCV-3-75
line from FW Heater 2B1 tq FCV-3-76
line from FW Heater 2C1 to FCV-3-77

El-Page 43 of 64

CDF-OA RRW CDF-noOA RRW

3.83E-08 1.002
3.83E-08 1.002

3.83E-08 1.002

3.83E-08 1.002
3.83E-08 1.002
3.83E-08 1.002
1.04E-10 1.000

1.04E-10 1.000
1.04E-10 1.000

LERF-OA RRW LERF-noOA RRW

1.30E-08 1.002
1.30E-08 1.002
1.30E-08 1.002
3.54E-11 1.000

3.54E-11 1.000
3.54E-11 1.000

1.30E-08 1.002
1.30E-08 1.002
1.30E-08 1.002
3.54E-11 1.000

3.54E-11 1.000
3.54E-11 1.000




023 Residual Heat Removal Service Water

0-023-001

0-023-002

0-023-003

0-023-004

1-023-001
1-023-002
1-023-003
1-023-004
1-023-005
1-023-006
1-023-007
1-023-008

1-023-009

1-023-010
1-023-011
1-023-012
1-023-013

2-023-001

14"-24" discharge line from Pumping

station pumps “C1" & “C2"to Unit 1,2, & 3
Rx Bldg penetration

14"-24" discharge line from Pumping

station pumps "A1" & "A2" to Unit 1, 2, &

3 Rx Bldg penetration

14"-24" discharge line from Pumping

station pumps "B1" & "B2"to Unit 1,2, & 3
Rx Bldg penetration

14"-24" discharge line from Pumping

station pumps “D1" & "D2"to Unit 1, 2, &3
Rx Bldg penetration

12" discharge line from FCV-23-40 and
RHR HX A to Unit 1 Rx Bldg penetration
12" discharge line from RHR heat

exchanger "C" to FCV-23-40

14"-16" supply line from chk viv 23-550 to
Unit 1 RHR HX "C"

16" Supply line from Unit 1 Rx Bldg wall to
Chk Viv 23-550

16" Supply line from Unit 1 Rx Bldg wall to
Chk Viv 23-510

14"-16" supply line from chk vlv 23-510 to
Unit 1 RHR HX “A"

12" discharge line from RHR heat
exchanger "D" to FCV-23-52

12" discharge line from FCV-23-52 and
FCV-23-46 to Unit 1 Rx Bldg penetration
14"-16" supply line from chk viv 23-569 to
Unit 1 RHR HX "D" & FCV-23-57 crosstie

to RHR

12" discharge line from RHR heat
exchanger "B" to FCV-23-46

14"-16" supply line from chk viv 23-530 to
Unit 1 RHR HX 8"

16" Supply line from Unit 1 Rx Bldg wall to
Chk Viv 23-569

16" Supply line from Unit 1 Rx Bldg wall to
Chk Viv 23-530

12" discharge line from FCV-23-40 and
FCV-23-34 to Unit 2 Rx Bldg penetration

CDF-CA RRW CDF-noOA RRW

4.93E-12 1.000

4.93E-12 1.000

4.93E-12 1.000

2.08E-11 1.000

0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

5.70E-13 1.000
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4.93E-12 1.000

4.93E-12 1.000

4.93E-12 1.000

2.08E-11 1.000

0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

2.65E-11 1.000

LERF-OA RRW
1.68E-12 1.000

1.68E-12 1.000

1.68E-12 1.000

7.07E-12 1.000

0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

1.94E-13 1.000

LERF-noOA RRW

1.68E-12 1.000

1.68E-12 1.000

1.68E-12 1.000

7.07E-12 1.000

0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 '1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

9.02E-12 1.000




023 Residual Heat Removal Service Water

2-023-002
2-023-003
2-023-004
2-023-005
2-023-006
2-023-007
2-023-008
2-023-009
2-023-010
2-023-011

2-023-012

2-023-013
2-023-014
3-023-001
3-023-002
3-023-003
3-023-004
3-023-005
3-023-006

3-023-007

12" discharge line from RHR heat

exchanger "C" to FCV-23-40

14"-16" supply line from chk viv 23-581 to
Unit 2 RHR HX"C"

12" discharge line from RHR heat

exchanger "A" to FCV-23-34

16" Supply line from Unit 2 Rx Bldg wall to
Chk Vv 23-581

16" Supply line from Unit 2-Rx Bldg wall to
Chk Viv 23-579

14"-16" supply line from chk viv 23-579 to
Unit 2 RHR HX "A"

12-14" discharge line from RHR heat

exchanger “D" to FCV-23-52

12-14" discharge line from FCV-23-52

and FCV-23-46 to Unit 2 Rx Bldg

14"-16" supply line from chk vlv 23-582 to
Unit 2 RHR HX "D"

14" discharge line from RHR heat

exchanger “B" to FCV-23-46

10"-16" supply line from chk viv 23-580 to
Unit 2 RHR HX "B" & FCV-23-57 crosstie

to RHR

16" Supply line from Unit 2 Rx Bidg wall to
Chk Vv 23-582

16" Supply line from Unit 2 Rx Bidg wall to
Chk Viv 23-580

12" discharge line from FCV-23-40 and
FCV-23-34 to Unit 3 Rx Bldg penetration
12" discharge line from RHR heat
exchanger "C" to FCV-23-40

14"-16" supply line from chk vlv 23-581 to
Unit 3 RHR HX "C"

12" discharge line from RHR heat
exchanger "A" to FCV-23-34

16" Supply line from Unit 3 Rx Bldg wall to
Chk Viv 23-581

16" Supply line from Unit 3 Rx Bldg wall to
Chk Viv 23-579

14"-16" supply line from chk viv 23-579 to
Unit 3 RHR HX "A"

CDF-OA RRW CDF-noOA RRW

2.94E-12 1.000
2.82E-12 1.000
2.94E-12 1.000
2.28E-13 1.000
2.28E-13 1.000
2.82E-12 1.000
2.94E-12 1.000
5.70E-13 1.000
2.82E-12 1.000
2.94E-12 1.000

2.82E-12 1.000

2.28E-13 1.000

2.28E-13 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000
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1.37E-10 1.000
1.31E-10 1.000
1.37E-10 1.000
1.06E-11 1.000
1.06E-11 1.000
1.31E-10 1.000
1.37E-10 1.000
2.65E-11 1.000
1.31E-10 1.000
1.37E-10 1.000

1.31E-10 1.000

1.06E-11 1.000

1.06E-11 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000

LERF-OA RRW
1.00E-12 1.000
9.59E-13 1.000

1.00E-12 1.000

7.76E-14 1.000

7.76E-14 1.000

9.59E-13 1.000

1.00E-12 1.000

1.94E-13 1.000

9.59E-13 1.000

1.00E-12 1.000

9.59E-13 1.000

7.76E-14 1.000
7.76E-14 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000

LERF-noOA RRW
4.66E-11 1.000
4.47E-11 1.000
4.66E-11 1.000

3.62E-12 1.000

3.62E-12 1.000

4.47€-11 1.000

4.65E-11 1.000

9.02E-12 1.000

4.47E-11 1.000

4.66E-11 1.000

4.47E-11 1.000

3.62E-12 1.000

3.62E-12 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000




023 Residual Heat Removal Service Water
CDF-OA RRW CDF-noOA RRW LERF-OA RRW LERF-noOA RRW

3-023-008 12" discharge line from RHR heat 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000
exchanger "D" to FCV-23-52
3-023-009 12" discharge line from FCV-23-52 and 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000

FCV-23-46 to Unit 3 Rx Bldg penetration

3-023-010  14"-16" supply line from chk viv 23-582 to 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000
Unit 3 RHR HX "D"

3-023-011 12" discharge line from RHR heat 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000
exchanger "B" to FCV-23-46

3-023-012  14"-16" supply line from chk viv 23-580 to 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000
Unit 3 RHR HX “B"

3-023-013 16" Supply line from Unit 3 Rx Bldg wall to 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000  0.00E+00 1.000
Chk Vv 23-582

3-023-014 16" Supply line from Unit 3 Rx Bidg wall to 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000
Chk Viv 23-580
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024 Raw Cooling Water

0-024-001
0-024-002
1-024-001
1-024-002
1-024-003

2-024-001
2-024-002

2-024-003
2-024-004
2-024-005
2-024-006
2-024-007
2-024-008
2-024-009
2-024-010
2-024-011

3-024-001
3-024-002

3-024-003
3-024-004

20-36" Units 1 & 2 RCW pumps suction

header

20-30" RCW Pumps discharge header col

c

24" RCW T2 header .
12-20" RCW Unit 1 Rx Bldg header
10-14" Unit 1 RCW Booster pumps

discharge to Rx Bldg penet

24-20" RCW T6/TS header

3/4"-1 1/2" supply line from 20" RCW

header to Control rod drive pump 2A
12-20" RCW cross-tie header line from
Unit 1 to Unit 3 header

10-14"RCW Booster Pump Discharge

header in Unit 2 Rx Bidg

3-10" RCW supply to Recirc Pump 2A

drive coolers from 24-739

3-10" RCW supply to Recirc Pump 2B

drive coolers from 24-751

1-12" RCW Discharge header from Recirc
Pump Drive coolers

12" RCW supply to RBCCW HX 2A

12" RCW supply to RBCCW HX 2B

6-16" RBCCW HX RCW Discharge header
to Rx bldg wall

3-10" RCW supply to RFPT il coolers
from RCW pumps discharge header
12-20" RCW Unit 3 Rx Bldg header
12-14” Unit 3 RCW Booster pumps
discharge to Rx Bldg penet

24-20" RCW T13/T10 header

24-20" RCW T16 header
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CDF-OA RRW CDF-ncOA RRW

6.49E-12 1.000
5.86E-11 1.000
5.86E-11

1.
S:86E-11 1.
0.00E+00 1.

(]
(=]

0!

g8

4.95E-12 1.000
0.00E+00 1.000

5.86E-11 1.000
1.47E-12 1.000
1.83E-10 1.000
1.83E-10 1.000
1.83E-10 1.000
1.75E-11 1.000
1.75E-11 1.000
5.45E-11 1.000
3.49E-10 1.000

5.86E-11 1.000
5.86E-11 1.000

8.92E-10 1.000
8.92E-10 1.000

6.49E-12 1.000
5.86E-11 1.000
5.86E-11 1.000
5.86E-11 1.000
1.47E-12 1.000

5.86E-11 1.000
0.00E+00 1.000

5.86E-11 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
1.75E-11 1.000
1.75E-11 1.000
5.45E-11 1.000
3.49E-10 1.000

5.86E-11 1.000
5.86E-11 1.000

8.92E-10 1.000
8.92E-10 1.000

LERF-OA RRW
2.21E-12 1.000

1.99E-11 1.000
1.99E-11 1.000
1.99E-11 1.000
0.00E+00 1.000

1.68E-12 1.000
0.00E+00 1.000

1.99E-11 1.000
S5.01E-13 1.000
6.21E-11 1.000
6.21E-11 1.000
6.21E-11 1.000
5.95E-12 1.000
5.95E-12 1.000
1.85E-11 1.000
1.18E-10 1.000

1.99E-11 1.000
1.99E-11 1.000

3.03E-10 1.000
3.03E-10 1.000

LERF-noOA RRW
2.21E-12 1.000

1.99E-11 1.000
1.99E-11 1.000
1.99E-11 1.000
5.01E-13 1.000

1.99€-11 1.000
0.00E+00 1.000

1.99E-11 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
5.95E-12 1.000
5.95E-12 1.000
1.85E-11 1.000
1.18E-10 1.000

1.99E-11 1.000
1.99E-11 1.000

3.03E-10 1.000
3.03E-10 1.000




027 Condenser Circulating Water

CDF-OA RRW CDF-noOA RRW LERF-OA RRW LERF-noOA RRW
2-027-001 4'-8" discharge line from condenser 0.00E+00 1.000 2.40E-10 1.000 0.00E+00 1.000 8.16E-11 1.000
circulating water screen wash pump to
intake pumping station

2-027-002 8"-10" suction line to condenser 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000  0.00E+00 1.000
circulating water screen wash pump
2-027-003 78"-96" discharge line from condenser 2.79E-10 1.000  2.79E-10 1.000  9.50E-11 1.000  9.50E-11 1.000

circulating water pumps to condenser
OI2AN' llZB"' and nzcll
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063 Standby Liquid Control
CDF-OA RRW CDF-noOA RRW LERF-OA RRW LERF-ncOA RRW

2-063-001 1 1/2"-2" discharge line from penetration 9.31E-08 1.000 9.31E-09 1.000 3.16E-09 1.000 3.16E-09 1.000
X-42 to reactor N10

2-063-002 1 1/2"-2" discharge line from ISV-524 to 3.16E-12 1.000 0.00E+00 1.000 1.07E-12 1.000  0.00E+00 1.000
penetration X-42

2-063-003 1 1/2" discharge line from SLC pumps to 4.75E-12 1.000  0.00E+00 1.000 1.61E-12 1.000  0.00E+00 1.000
FCV-63-8A & 8B, 63-518 & 5§22

2-063-004 1 1/2" discharge line from FCV-63-8A & 3.36E-12 1.000 0.00E+00 1.000 1.14E-12 1.000 0.00E+00 1.000
8B to ISV-524

2-063-005 2 1/2" supply line from SLC tank to SLC 2.35E-12 1.000 0.00E+00 1.000  7.99E-13 1.000 0.00E+00 1.000

pumps, SHV 63-14 and SHV-509

El-Page 49 of 64




067 Emergency Equipment Cooling Water

0-067-001
0-067-002
0-067-003
0-067-004
0-067-005
0-067-006
0-067-007
0-067-008
0-067-009
0-067-010
1-067-001
1-067-002

1-067-003
2-067-001

2-067-002

2-067-003

2-067-004

2-067-005

2-067-006

N EECW hdr from pump A3 to DGB

N EECW DGB hdr

S EECW hdr from pump B3 to DGB

S EECW DGB hdr

Supply line to DG 1A coolers from N & §
DGB hdr

Supply line to DG 1B coolers fromN & S
DGB hdr

Supply line to DG 1C coolars from N & S
DGB hdr

Supply line to DG 1D coolers from N & S
DGB hdr

N EECW hdr from pump C3 to U3 Rx Bldg
S EECW hdr from pump D3 to U3 Rx Bldg
N EECW hdr in U1 Rx Bldg on 565’ Elev.
S EECW hdr in U1 Rx Bldg

N EECW hdr in U1 Rx Bldg on 593" Elev.
1"-3" Supply line from 2-67-637 (N hdr)
and 2-67-557 (S hdr) to RHR pump room
coalers "2A" & “2C"and RHR pump seal
heat exchangers "2A" & "2C"

2"-2 1/2" supply line from 2-67-540 (S
hdr) and 2-67-647 (N hdr) to Core Spray
pump room cooler "2A"

1"-10" discharge line from Core Spray
pump room cooler "2A", RHR pump room
coolers “2A" & "2C", RHR pump seal heat
exchangers "2A" & "2C"

3"-8" cross-tie line for RCW backup from
FCV-67-51 to 2-67-888, 580, and 581
1/2"-8" cross-tie line for RCW backup
from 2-67-575 to 2-67-6926, FCV-67-61,
2-67-876 and 2-67-888

2 1/2" supply line from 2-67-583 (S hdr)
and 2-67-655 (N hdr) to Core Spray pump
room cooler “2B"
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CDF-OA RRW CDF-noOA RRW

0.00E+00
0.00E+00
0.00E+00
0.00E+00
8.18E-11
8.18E-11
8.18E-11
8.18E-11
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
1.19E-10

5.25E-12

2.15E-10

0.00E+00

0.00E+00

5.25E-12

1.000

1.000

1.000

1.000

1.000

0.00E+00
2.76E-11
0.00E+00
2.76E-11
8.18E-11
8.18E-11
8.18E-11
8.18E-11
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
3.37e-10

2.72E-10

9.60E-08

9.86E-08

9.86E-08

2.72E-10

1.000

1.004

1.005

1.005

1.000

LERF-OA RRW

0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.78E-11
2.78E-11
2.78E-11
2.78E-11
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
4.03E-11

1.78E-12

7.29E-11

0.00E+00

0.00E+00

1.78E-12

1.000

1.000

1.000

1.000

LERF-noOA RRW
0.00E+00 1.000
9.39E-12 1.000
0.00E+00 1.000
9.39E-12 1.000
2.78E-11 1.000

2.78E-11 1.000
2.78E-11 1.000
2.78E-11 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000
0.00E+00 1.000

0.00E+00 1.000
1.15E-10 1.000

9.26E-11 1.000
3.26E-08 1.004
3.35E-08 1.004
3.35E-08 1.004

9.26E-11 1.000




067 Emergency Equipment Cooling Water

2-067-007

2-067-008

2-067-009
2-067-010
2-067-011

2-067-012
3-067-001

1"-4" discharge line from Core Spray
pump room cooler “2B", RHR pump room
coolers "28" & "2D", RHR pump seal heat
exchangers "2B" & "2D", SDBR ACU
condenser "2B" & "2A",

1"-3" supply line from 2-67-658 (N hdr)
and 2-67-599 (S hdr) to RHR pump room
coolers "28" & "2D", RHR pump seal heat
exchangers "2B" & "2D"

1" line through H202 analyzer 2-25-340
from 2-67-833 (S hdr) to 849

1" line through H202 analyzer 2-25-341
from 2-67-834 (N hdr) to 850

N EECW hdr in U2 Rx Bldg

S EECW hdr in U2 Rx Bldg

N EECW hdr in U3 Rx Bldg on 565' Elev.
S EECW hdr in U3 Rx Bidg

N EECW hdr in U3 Rx Bldg on 593 Elev.
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CDF-OA RRW CDF-noOA RRW

2.15E-10

1.15E-10

0.00E+00

0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.000

1.000

1.000

9.60E-08 1.004

3.28E-10

0.00E+00
0.00E+00

2.83E-09
2.83E-09
0.00E+00
0.00E+00
0.00E+00

1.000

LERF-OA RRW

7.29€-11

3.93E-11

0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.000

1.000

LERF-noOA RRW

3.26E-08

1.12E-10

0.00E+00
0.00E+00

9.62E-10
9.62E-10
0.00E+00
0.00E+00
0.00E+00

1.004

1.000

1.000

1.000

1.000
1.000
1.000
1.000
1.000




068 Reactor Recirculation

2-068-001
2-068-002
2-068-003
2-068-004
2-068-005
2-068-006
2-068-007
2-068-008
2-068-009
2-068-010
2-068-011
2-068-012
2-068-013
2-068-014
2-068-015

2-068-016

28" suction line from Reactor (N1A) to
Recirculation pump "A"

28" discharge line from Recirculation
pump "A" to Recirc ring header

22" line Recirc ring header "A" from cap
to FCV-68-33

12" discharge line from Recirc ring
header "A" to Reactor (N2F)

12" discharge line from Recirc ring
header "A" to Reactor (N2G)

12" discharge line from Recirc ring
header "A" to Reactor (N2H)

12" discharge line from Recirc ring
header “A" to Reactor (N2J)

12" discharge line from Recirc ring
header "A" to Reactor (N2K)

12" discharge line from Recirc ring
header "B" to Reactor (N2E)

12" discharge line from Recirc ring
header "B" to Reactor (N2D)

12" discharge line from Recirc ring
header "B" to Reactor (N2C)

12" discharge line from Recirc ring
header "B" to Reactor (N2B)

12" discharge line from Recirc ring
header "B" to Reactor (N2A)

28" discharge line from Recirculation
pump "B" to Recirc ring header

22" line Recirc ring header "B" from cap
to FCV-68-33

28" suction line from Reactor (N1B) to
Recirculation pump "B"
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CDF-OA RRW CDF-noOA RRW

7.89E-07
1.12E-09
5.49E-06
1.22E-07
3.748-07
1.94E-18
2.61E-07
1.19E-07
1.98E-08
2.14E-08
2.46E-07
8.63E-18
3.07E-07
0.00E+00
6.93E-06

1.58E-22

1.038

1.000

1.342

1.006

1.018

1.000

1.012

1.006

1.000

1.000

1.012

1.000

1.014

1.000

1.475

1.000

7.89E-07
1.12E-09
5.49E-06
1.22E-07
3.74E-07
1.94E-18
261E-07
1.19E-07
1.98€E-08
2.14E-08
2.46E-07
8.63E-18
3.07E-07
0.00E+00
6.93E-06

1.58E-22

1.037
1.000
1.333
1.006
1.017
1.000
1.012
1.005
1.000
1.000
1.011
1.000
1.014
1.000
1.459

1.000

LERF-OA RRW LERF-noOA RRW

2068E-07 1.038  2.68€E-07 1.037
3.82E-10 1.000  3.82E-10 1.000
1.87E-06 1.342 1.87E-06 1.329
415E-08 1.006  4.15E-08 1.006

1.27E-07 1.018 1.27E-07 1.017

6.60E-19 1.000 6.60E-19 1.000

8.86E-08 1.012 8.86E-08 1.012

4.04E-08 1.006  4.04E-08 1.005
6.73E-09 1.000  6.73E-09 1.000
7.29-09 1.000 7.29E-09 1.000

8.37E-08 1.012  8.37E-08 1.011

2.94E-18 1.000 2.94E-18 1.000
1.04E-07 1.014 1.04E-07 1.014
0.00E+00 1.000 0.00E+00 1.000
2.36E-06 1.474 2.36E-06 1.454
5.37E-23 1.000 5.37E-23 1.000




069 Reactor Water Cleanup

2-069-001

2-069-002

2-069-003

2-069-004

2-068-005

2-069-006

2-069-007

2-069-008

2-069-009

2-069-010

2-068-011

2-069-012

2-069-013

2-069-014

6" discharge line from 20" RHR line to
penetration X-14

6" discharge line from penetration X-14
through FCV 69-02 to regenerative heat
exchanger "2A"

4"-8" line from regenerative heat
exchanger "2B" to feedwater tie in at
penetration X-9B and RCIC tie in

3"-6" line from non-regenerdtive heat
exchanger "2B" to RWCU Recirculation
pump room

3" supply line from non-regenerative heat
exchanger room to RWCU recirculation
pump "2A"

3" supply line from non-regenerative heat
exchanger room to RWCU recirculation
pump “28"

3" discharge line from non-regenerative
heat exchanger room to RWCU
recirculation pump "2A"

3" discharge line from non-regenerative
heat exchanger rcom to RWCU
recirculation pump "2B"

3"-4" discharge line from RWCU
Recircuiation pump room wall to RWCU
Demineralizer influent check valve 742
4" cross connection line from
regenerative heat exchanger "2A" to
regenerative heat exchanger "2B"

4" cross connection line from
regenerative heat exchanger “2A" to
regenerative heat exchanger "28"

4" cross connection line from
regenerative heat exchanger "2B" to
regenerative heat exchanger "2C"

4" cross connection line from
regenerative heat exchanger "2B" to
regenerative heat exchanger "2C"

4" discharge line from regenerative heat
exchanger "2C" to non-regenerative heat
exchanger “2A"

CDF-OA RRW CDF-noOA RRW

1.17E-06 1.057 1.17€-06 1.056
8.63E-11 1.000 8.63E-11 1.000
3.36E-08 1.002 3.36E-08 1.002
0.00E+00 1.000 2.26E-10 1.000
0.00E+00 1.000 2.26E-10 1.000
0.00E+00 1.000 2.26E-10 1.000
0.00E+00 1.000 2.28E-10 1.000
0.00E+00 1.000 2.28E-10 1.000
0.00E+00 1.000 2.28E-10 1.000
0.00E+00 1.000 1.52E-10 1.000
0.00E+00 1.000 1.52E-10 1.000
0.00E+00 1.000 1.52E-10 1.000
0.00E+00 1.000 1.52E-10 1.000
0.00E+00 1.000 8.63E-11 1.000
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LERF-OA RRW LERF-noOA RRW

3.97E-07 1.057 3.97E-07 1.056
8.63E-11 1.000 8.63E-11 1.000
1.14E-08 1.002 1.14E-08 1.002
0.00£+00 1.000 2.26E-10 1.000
0.00E+00 1.000 2.26E-10 1.000
0.00E+00 1.000 2.26E-10 1.000
0.00E+00 1.000 2.28E-10 1.000
0.00E+00 1.000 2.28E-10 1.000
0.00E+00 1.000 2.28E-10 1.000
0.00E+00 1.000 1.52E-10 1.000
0.00E+00 1.000 1.52€-10 1.000
0.00E+00 1.000 1.52E-10 1.000
0.00E+00 1.000 1.52E-10 1.000
0.00E+00 1.000 8.63E-11 1.000




069 Reactor Water Cleanup

2-069-015

2-069-016

2-069-017

2-069-018

2-069-019

4" supply line from regenerative heat
exchanger "2C" to FCV-69-15 and RWCU
Demineralizer tank

4" cross connectionline from
non-regenerative heat exchanger "2A" to
non-regenerative heat exchanger "2B"
3"-4" effluent line from reactor cleanup
dimineralizer tank "2A" & “2B" to RWCU
regenerative heat exchanger

3"-4" influent line from check valve 742r
to reactor cleanup dimineralizer tank "2A"
&"28"

2" drain from RPV bottom through 10-505
to 6" RWCU line between 69-500 & FCV
69-1
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CDF-OA RRW CDF-noOA RRW

0.00E+00 1.000

0.00E+00 1.0Q0

0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

1.37E-10 1.000

1.52E-10 1.000

2.28E-10 1.000

2.28E-10 1.000

0.00E+00 1.000

LERF-OA RRW
0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

LERF-noOA RRW
1.37E-10 1.000

1.52E-10 1.000

2.28E-10 1.000

2.28E-10 1.000

0.00E+00 1.000




070 Reactor Building Closed Cooling Water

2-070-001

2-070-002

2-070-003

2-070-004

2-070-005

2-070-006

2-070-007

2-070-008

2-070-009

2-070-010

2-070-011

2-070-012

2-070-013

2-070-014

2 1/2" supply line from 8"x2 1/2" reducer
to Reactor Water Recirc pump and motor
3/4"-2 1/2" discharge line from Reactor
Water Recirc pump and motor "B" to 8x2
1/2 reducer
8" supply header from penetration X-23 to
8"x2 1/2" reducer to drywell atmosphere
cooling coils
3".8" discharge line from 8*x2 1/2"
reducer, and drywell atmosphere cooling
coils to penetration X-24
3"-4" supply line from 8" supply header
thru FCV-70-16 & 18 to drywell atmos
cooling coils A1 & A2
3"-6" supply line from 8" supply header
thru FCV-70-20, 22 & 24 to drywell atmos
cooling coils A3, A4 & AS
3"-4" supply line from 8" supply header
thru FCV-70-26 & 28 to drywell atmos
cooling coils B1 & 82
3-6" supply line from 8" supply header
through FCV-70-30, 32 & 34 to drywell
atmos cooling coils B3, 84 & B-5
1 1/2" discharge line from drywell
equipment drain sump heat exchanger to
8" return line thru 2-70-551
1 1/2" supply fine from 8" supply header
thru 2-70-547 to drywell equipment drain
sump heat exchanger
3/4"-1" supply line from 8" supply header
to Reactor Water Recirc motor "A"
3/4"-1" discharge line from 8" supply
header to Reactor Water Recirc motor "A”
8"-12" return line from penetration X-24 to
Closed Cooling water heat exchanger
"2A"& "2B", RB equipment sump heat
exchanger, non-regenerative heat
exchanger "2A" and Fuel Pool heat
exchangers "2A" & "2B" and 0-70-623
8-12" supply header from RBCCW pumps
2A & 2B to penet X-23, inter-tie valve
0-70-68, & FCV 70-48
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CDF-0A RRW CDF-noOA RRW

3.29E-10 1.000

3.29E-10 1.000

4.68E-10 1.000

4.68E-10 1.000

3.98E-10 1.000

3.98E-10 1.000

3.98E-10 1.000

3.98E-10 1.000

0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000
0.00E+00 1.000

4.68E-10 1.000

4.68E-10 1.000

3.29E-10 1.000

3.29E-10 1.000

4.68E-10 1.000

4.68E-10 1.000

3.98E-10 1.000

3.98E-10 1.000

3.98E-10 1.000

3.98E-10 1.000

0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

0.00E+00 1.000

4.68E-10 1.000

4.68E-10 1.000

LERF-OA RRW LERF-noOA RRW

1.12E-10 1.000 1.12E-10 1.000
1.12E-10 1.000 1.12E-10 1.000
1.59E-10 1.000 1.59E-10 1.000
1.59E-10 1.000 1.59E-10 1.000
1.35E-10 1.000 1.35E-10 1.000
1.35E-10 1.000 1.35€-10 1.000
1.35E-10 1.000 1.35€-10 1.000
1.35E-10 1.000 1.35E-10 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000 0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
1.59E-10 1.000 1.59E-10 1.000
1.59E-10 1.000 1.59E-10 1.000




070 Reactor Building Closed Cooling Water
CDF-OA RRW CDF-noOA RRW LERF-OA RRW LERF-noOA RRW
2-070-015 2"-12" supply line from Closed Cooling 4.68E-10 1.000 4.68E-10 1.000 1.89E-10 1.000 1.59E-10 1.000
water heat exchangers "2A" & "2B8" to
Closed Cooling water pumps "2A" & “2B"
& inter-tie valves 0-FCV-70-633 & 67

2-070-016 1 1/4"-2" supply line from 8" supply 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000
header to reactor water recirc pump "A"
2-070-017 2 1/2"-2" discharge line to 8" return line 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000 0.00E+00 1.000

from reactor water recirc pump "A"
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071
2-071-001
2-071-002
2-071-003

2-071-004

2-071-005

2-071-006
2-071-007
2-071-008

2-071-008

2-071-010
2-071-011
2-071-012

2-071-013

Reactor Core Isolation Cooling

1" instrument line from MS line "C"
FE-71-1A to penet X-51E and X-51F

1" instrument line from MS line "C"
FE-71-1B to penet X-33E and X-33F

3" supply line fram MS line "C" thru
FE-71-1A & B to penetration X-10

3"-4" steam supply line from penetration
X-10to FCV-71-9, SHV-545, and Steam
Supply drain pot CPOT-5

1-8" supply line from Aluminum CST
Header to FCV-71-18 and RCIC pump
PMP-19

Deleted - integral with turbine casing

2" discharge line from Barometric
Condenser condensate pump to 6" RCIC
pump suction line

2" - 6" discharge line from RCIC pump,
PMP-19to FCV-71-38, 39,348 25

8"-12" steam exhaust line from RCIC drive

turbine, TRB-9 to penetration X-212
suppression pool

6"-8" discharge line from FCV-71-39 to
VTV-529, VTV-530 and 24" Feedwater
6" Suppression pool suction line from CS
suction line off ring header to FCV-71-18
4" pump test return line from FCV 71-38
to HPCI pump test return line

2" Pump mini-flow bypass from FCV
71-31 to RHR pump test line
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CDF-0OA RRW CDF-noOA RRW

0.00E+00 1.000

0.00E+00 1.000

4.97E-11 1.000

3.57E-10 1.000

0.00E+00 1.000

1.000
0.00E+00 1.000
8.49E-12 1.000

0.00E+00 1.000

4.82E-11 1.000
0.00E+00 1.000
0.00E+00 1.000

1.000

0.00E+00 1.000
0.00E+00 1.000
4.97E-11 1.000

3.57E-10 1.000

$.93E-10 1.000

1.000
0.00E+00 1.000
8.49E-12 1.000

0.00E+00 1.000

4.82E-11 1.000
3.86E-08 1.002
0.00E+00 1.000

1.000

LERF-OA RRW
0.00E+00 1.000

0.00E+00 1.000

1.69E-11 1.000

3.57E-10 1.000

0.00E+00 1.000

1.000
0.00E+00 1.000
2.89E-12 1.000

0.00E+00 1.000

1.64E-11 1.000
0.00E+00 1.000
0.00E+00 1.000

1.000

LERF-noOA RRW
0.00E+00 1.000

0.00E+00 1.000
1.69E-11 1.000

3.57E-10 1.000

2.02E-10 1.000

1.000
0.00E+00 1.000
2.89E-12 1.000

0.00E+00 1.000

1.64E-11 1.000
3.86E-08 1.005
0.00E+00 1.000

1.000




073 High Pressure Coolant Injection

2-073-001

2-073-002

2-073-003

2-073-004

2-073-005

2-073-006

2-073-007

2-073-008

2-073-009

2-073-010

2-073-011

10" supply line from 26" MS line "B" to
penetration X-11

10" supply line from penetration X-11 to
turbine inlet

14" supply line from aluminum CST header
and FCV-73-27 to HPCI booster pump
PMP-73-29

10"-14" discharge line from HPCI pump
PMP-73-54 to FCV-73-36 aid 24"
Feedwater line

16"-20" discharge line from HPCI turbine
TRB-73-54 to Turbine Exh drain pot and
penetration X-214

16" alternate supply line from
suppression pool ring header isolation
valve 73-25 to FCV-73-27

12" Booster pump discharge to HPCI
pump suction

1" Inst lines from FE 73-1 to penet X-32E
& X-32F

2" Pump suction line from Gland Seal
Condenser Condensate Pump and Gland
Seal Condenser cooling water return

10" Pump Test Return line from FCV
73-35 to 20" steel CST header in Rx bldg
4" Pump min flow line to RHR pump test
line
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CDF-OA RRW CDF-noOA RRW

2.10E-09 1.000
4.14E-11 1.000

0.00E+00 1.000

1.10E-11 1.000

5.62E-12 1.000

0.00E+00 1.000

6.94E-12 1.000
0.00E+00 1.000

2.84E-10 1.000

0.00E+00 1.000

9.76E-10 1.000

2.10E-09 1.000
1.52E-11 1.000

1.12E-10 1.000

1.10E-11 1.000

5.62E-12 1.000

2.80E-09 1.000

6.94E-12 1.000
0.00E+00 1.000

2.84E-10 1.000

1.29E-09 1.000

9.76E-10 1.000

LERF-OA RRW LERF-noOA RRW

7.15€-10

1.41E-11

0.00E+00

1.10E-11

1.91E-12

0.00E+00

2.36E-12
0.00E+00

9.67E-11

0.00E+00

3.32E-10

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

7.15E-10 1.000

1.52E-11 1.000

3.82E-11 1.000

1.10E-11 1.000

1.91E-12 1.000

2.80E-09 1.000

2.36E-12 1.000

0.00E+00 1.000

9.67E-11 1.000

4.40E-10 1.000

3.32E-10 1.000




074 Residual Heat Removal

2-074-001

2-074-002

2-074-003
2-074-004
2-074-005
2-074-006
2-074-007

2-074-008

2-074-009

2-074-010

2-074-011
2-074-012
2-074-013
2-074-014
2-074-015
2-074-016
2-074-017
2-074-018

2-074-019

1"-4" supply line from 74-793 system fill
from CS

18"-24" discharge line from RHR heat
exchanger "A"&"C" to FCV-74-46, 57 and
penetration X-13A and X-39B

10" line Containment spray ring header
from penet X-398

4"-18" discharge line from FCV-74-57 to
FCV-74-59 and penetration X-211A

24" discharge line from penetration X-13A
to recirculation line "B"

4-6" discharge line from penetration
X-211A to suppression pool spray

24" line from recirculation line "A" to
penetration X-12

24-30" supply line to FCV 74-1, 12 from
30" suppression pool ring header isolation
valve 74-85

24-30" supply line to FCV 74-24, 35 from
30" suppression pool ring header isolation
valve 74-88

18"-24" discharge line from RHR heat
exchanger "B"&"D" to FCV-74-46, 71 and
penetration X-13B and X-39A

10" line Containment spray ring header
from penet X-39A

1"-4" discharge line from 18" RHR line to
FCV-74-707, 704, 699, 840 and

24" discharge line from penetration X-138
to recirculation line “A"

4"-18" discharge line from FCV-74-71 to
FCV 74-73 and penet X-2118

4°-6" discharge line from penetration

X-211B to Suppression Pool spray

20" shutdown cooling supply line from

" penetration X-12 to FCV-74-13, 2, 36, 25

20"-24" discharge line from RHR pump "D"
to RHR heat exchanger "D"
20"-24" discharge line from RHR pump "B"
to RHR heat exchanger "B"
20"-24" discharge line from RHR pump "C"
to RHR heat exchanger "C"

CDF-OA RRW CDF-noOA RRW

0.00E+00 1.000

3.88E-11 1.000

0.00E+00 1.000

2.58E-12 1.000
8.47E-07 1.041
3.58E-10 1.000
4.21E-06 1.243

4.35E-09 1.000

1.97E-09 1.000

1.03E-11 1.000

0.00E+00 1.000
0.00E+00 1.000
6.25E-09 1.000
2.58E-12 1.000
3.58E-10 1.000
2.12E-10 1.000
3.62E-12 1.000
3.62E-12 1.000

1.36E-10 1.000

El-Page 59 of 64

0.00E+00 1.000

3.88E-11 1.000

0.00E+00 1.000
2.58E-12 1.000
8.47E-07 1.040
3.58E-10 1.000
4.21E-06 1.236

2.38E-08 1.001

1.08E-08 1.000

1.03E-11 1.000

0.00E+00 1.000

0.00E+00 1.000
6.25E-09 1.000
2.58E-12 1.000
3.58E-10 1.000
2.12E-10 1.000
3.62E-12 1.000
3.62E-12 1.000

1.36E-10 1.000

LERF-OA RRW
0.00E+00 1.000

1.32E-11 1.000

0.00E+00 1.000
8.77€-13 1.000
2.88E-07 1.041
1.22E-10 1.000
1.43E-06 1.243

1.48E-09 1.000

6.71E-10 1.000

3.51E-12 1.000

0.00E+00 1.000
0.00E+00 1.000
2.12E-09 1.000
8.77E-13 1.000
1.22E-10 1.000
7.19E-11 1.000
1.23E-12 1.000
1.23E-12 1.000

4.64E-11 1.000

LERF-noOA RRW
0.00E+00 1.000

1.32E-11 1.000

0.00E+00 1.000

8.77€-13 1.000
2.88E-07 1.040
1.22E-10 1.000
1.43E-06 1.234

2.38E-08 1.003

1.08E-08 1.001

3.51E-12 1.000

0.00E+00 1.000
0.00E+00 1.000
2.12E-08 1.000
8.77E-13 1.000
1.22E-10 1.000
7.18E-11 1.000
1.23E-12 1.000
1.23E-12 1.000

4.64E-11 1.000




074 Residual Heat Removal

2-074-020
2-074-021
2-074-022
2-074-023
2-074-024
2-074-025
2-074-026
2-074-027
2-074-028

2-074-028

2-074-030

2-074-031

20"-24" discharge line from RHR pump

“A" to RHR heat exchanger "A"

16" Alternate supply from Aluminum CST

header to SHV-74-11 & 23

16" Alternate supply from Aluminum CST

header to SHV-74-34 & 45

12-18" Recirc and Pump Test Line B/D

from 74-73 to Suppression pool

12-18" Recirc and Pump Test Line A/C

from 74-59 to Suppression pool

3-4" Pump B/D Miniflow line

3-4" Pump A/C Miniflow line

16"-30" supply line to RHR pump 2A from
FCV 74-1, 2, 96 and CST alternate supply
valve SHV 74-11

14" crosstie line from FCV 74-9, 96 to unit
1pumps B& D

14"-30" supply line to RHR pump 2C from
FCV 74-12, 13, 97 and CST alternate

supply valve SHV 74-23

16"-30" supply line to RHR pump 2B from
FCV 74-24, 25, 98 and CST alternate

supply valve SHV 74-34

14"-30" supply line to RHR pump 2D from
FCV 74-35, 36, 99 and CST alternate

supply valve SHV 74-45

CDF-OA RRW CDF-noOA RRW

1.36E-10 1.000 1.36E-10 1.000
0.00E+00 1.000 4.30E-11 1.000
0.00E+00 1.000 4.30E-11 1.000
241E-12 1.000 2.41E-12 1.000
. 241E-12 1.000 2.41E-12 1.000
4.08E-11 1.000 4.08E-11 1.000
4.086-11 1.000 4.08E-11 1.000
7.61E-11 1.000 1.35E-09 1.000
0.00E+00 1.000  0.00E+00 1.000
7.61E-11 1.000 1.35E-09 1.000
7.61E-11 1.000 1.35E-09 1.000
7.61E-11 1.000 1.35E-09 1.000
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LERF-OA RRW LERF-noOA RRW

4.64E-11 1.000 4.64E-11 1.000
0.00E+00 1.000 1.46E-11 1.000
0.00E+00 1.000 1.46E-11 1.000
8.18E-13 1.000 8.18E-13 1.000
8.18E-13 1.000 8.18E-13 1.000
1.39E-11 1.000 1.39E-11 1.000
1.39E-11 1.000 1.39E-11 1.000
2.59E-11 1.000 1.35E-09 1.000
0.00E+00 1.000  0.00E+00 1.000
2.859E-11 1.000 1.35E-09 1.000
2.59E-11 1.000 1.35E-09 1.000
2.59E-11 1.000 1.35E-09 1.000




075 Core Spray

2-075-001

2-075-002

2-075-003

2-075-004

2-075-005

2-075-006

2-075-007

2-075-008

2-075-009
2-075-010
2-075-011
2-075-012
2-075-013
2-075-014

2-075-015

1"-12" discharge line from penetration
MPEN-100-16B and penetration X-27C to
reactor (NSB)

1"-12" discharge line from penetration
MPEN-100-16A and penetration X-27D to
reactor (NSA)

1" instrument line from penetration X-27C

to ECKV-75-54

1" instrument line from penetration X-27D

to ECKV-75-26

12"-14" discharge line from Core Spray
pumps “B" & "D" to FCV-75-51 and pump
test bypass valve FCV-75-50

12"-14" discharge line from Core Spray
pumps "A" & “C" to FCV-75-23 and pump

test bypass valve FCV-75-22

10"-16" supply line from Suppression pool
ring header isolation valve 75-1to Core
Spray pumps "A" & "C"

10"-16" supply line from Suppression pool
ring header isolation valve 75-29 to Core
Spray pumps "B" & "D"

Suppression pool ring header to isolation
valves 75-29, 75-1, and 73-25

10"-14" Alternate supply from Aluminum
CST header to SHV-75-3 & 12

10"-14" Alternate supply from Aluminum
CST header to SHV-75-40 & 31

12" line from FCV-75-51 to

12" line from FCV-75-23 to

10" Pump test line from FCV-75-22 to
suppression pool

10" Pump test line from FCV-75-50 to
suppression pool
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CDF-OA RRW CDF-noOA RRW

4.67E-19

3.49E-18

0.00E+00

0.00E+00

1.79E-10

' 1.79E-10

4.84E-12

4.84E-12

5.49E-11
0.00E+00
0.00E+00
2.61E-13
2.61E-13
0.00E+00

0.00E+00

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000
1.000
1.000
1.000
1.000
1.000

1.000

4.67E-19

3.49E-18

0.00E+00

0.00E+00

1.79E-10

1.79E-10

4.84E-10
A
4.84E-10
5.49E-11
1.82E-09
1.736-11
261E-13
261E-13
0.00E+00

0.00E+00

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000
1.000
1.000
1.000
1.000
1.000

1.000

LERF-OA RRW

1.59E-19

1.19E-18

0.00E+00
0.00E+00

6.07E-11

6.07E-11

1.64E-12

1.64E-12

5.49E-11
0.00E+00
0.00E+00
8.86E-14
8.86E-14
0.00E+00

0.00E+00

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000
1.000
1.000
1.000
1.000
1.000

1.000

LERF-noOA RRW
1.59E-19 1.000

1.19E-18 1.000

0.00E+00 1.000
0.00E+C0 1.000

6.07E-11 1.000

6.07E-11 1.000

4.84E-10 1.000

4.84E-10 1.000

5.49E-11 1.000
6.20E-10 1.000
5.89E-12 1.000
8.86E-14 1.000
8.86E-14 1.000
0.00E+00 1.000

0.00E+00 1.000




078 Fuel Pool Cooling
CDF-OA RRW CDF-noOA RRW LERF-OA RRW LERF-noOA RRW

2-078-001 6" RHR discharge line from FCV-78-61 to 0.00E+00 1.000 0.00E+00 1.000  0.00E+00 1.000  0.00E+00 1.000
FCV-78-62
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085 Control Rod Drive Hydraulics

2-085-001

2-085-002

2-085-003

2-085-004

2-085-005

2-085-006

2-085-007

2-085-008

2-085-009
2-085-010
2-085-011
2-085-012
2-085-013
2-085-014
2-085-015
2-085-016
2-085-017

2-085-018
2-085-019

3/4" line from CRD drive to penetration
X-38C & D (typ for 92 CRDs)

3/4" line from CRD drive to penetration
X-38A & B (typ for 92 CRDs)

3/4" line from CRD drive to penetration
X-37C & D (typ for 92 CRDs)

3/4" fine from CRD drive to penetration
X-37A & B (typ for 92 CRDs)

3/4" east bank scram inlet lihe to

penetration X-37C & D from FCV-85-612

(typ for 92 HCUs)

3/4" west bank scram inlet line to
penetration X-37A & B from FCV-85-612
(typ for 92 HCUs)

3/4" east bank scram outlet line from
penetration X-38C & D to FCV-85-615
(typ for 92 HCUs)

3/4" west bank scram outlet line from
penetration X-38A & B to FCV-85-615
(typ for 92 HCUs)

1/2"-2" exhaust water line from
FCV-85-600 to east header (typ for 92
1/2"-2" exhaust water line from
FCV-85-600 to west header (typ for 92
1/2"-2" drive water line to FCV-85-593
from east header (typ for 92 HCUs)
1/2"-2" drive water line to FCV-85-593
from west header (typ for 92 HCUs)
1/2"-2" cooling water line to FCV-85-596
from east header (typ for 92 HCUs)
1/2"-2" cooling water line to FCV-85-596
from west header (typ for 92 HCUs)

1/2"-2" charging line to FCV-85-588 from-

east header (typ for 92 HCUs)

1/2"-2" charging line to FCV-85-588 from-

west header (typ for 92 HCUs)

2" Charging water to East & West

1" Drive water to East & West headers
1 1/2" Cooling water to East & West
headers

CDF-OA RRW CDF-noOA RRW

0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
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LERF-OA RRW LERF-noOA RRW

0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000 0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
1.000 1.000
0.00E+00 1.000 0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000 0.00E+00 1.000




085 Control Rod Drive Hydraulics

2-085-020
2-085-021
2-085-022
2-085-023
2-085-024
2-085-025
2-085-026
2-085-027

2-085-028

2-085-029

2-085-030

2-085-031

1" Exhaust water from East & West
headers

1 /2"-4" CRD main header from 565' NE
quad penetration to FCV-85-50

6" scram discharge west header

3/4" scram discharge line from CRD unit

to west Scram Discharge Header (typ for
92 CRDs)

3/4" scram discharge line from CRD unit

to east Scram Discharge Header (typ for
92 CRDs)

6" scram discharge east header

12"dia. west scram discharge instrument
volume tank

12"dia. east scram discharge instrument
volume tank

2.2 112" discharge line NW quad and
torus penetration to S65' floor elev.
penetration

2°-2 1/2" discharge line from CRD drive

water pump "2A" to NW quad penetration
3-4" Supply line to CRD drive water pump
2A from CST 2-FCV-85-65

4" Line to RWCU from FCV 85-50 for
vessel injection

CDF-OA RRW CDF-noOA RRW

0.00E+00 1.000  0.00E+00 1.000
1.12E-11 1.000 1.12E-11 1.000
0.00E+00 1.000 0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+CO 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
0.00E+00 1.000  0.00E+00 1.000
1.126-11 1.000 1.12E-11 1.000
1.12E-11 1.000 1.126-11 1.000
8.16E-10 1.000  8.16E-10 1.000
9.22E-10 1.000  9.22E-10 1.000
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LERF-OA RRW
0.00E+00 1.000
3.79E-12 1.000

0.00E+00
0.00E+00

1.000
1.000

0.00E+00 1.000

0.00E+00
0.00E+00

1.000
1.000
0.00E+00 1.000

3.79E-12 1.000

3.79E-12 1.000

2.78E-10 1.000

3.14E-10 1.000

LERF-noOA RRW

0.00E+00

3.79E-12
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

3.79E-12

3.79E-12
2.78E-10

3.14E-10

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000

1.000

1.000

1.000




ENCLOSURE 2

TENNESSEE VALLEY AUTHORITY
BROWNS FERRY NUCLEAR PLANT (BFN)
UNIT 2
DIFFERENCES BETWEEN BROWNS FERRY UNITS 2 AND 3
RISK-INFORMED INSERVICE INSPECTION (RI-ISI) PROGRAMS

The Unit 3 RI-ISI program has a base core damage frequency (CDF)
due to piping failure of 1.16E-05 and a base large early release
frequency (LERF) due to piping failure of 3.25E-06 if no
inspections are performed. CDF with the failure rates resulting
from the inspections performed prior to implementing the Risk-
Informed program was 1.101E-05 and LERF was 3.091E-06. A total
of 70 segments are selected for examination under the RI-ISI
program, with 14 segments receiving credit for the existing flow
accelerated corrosion (FAC) program. CDF with the failure rates
resulting from the inspections performed under the Risk-Informed
program is 1.063E-05 with LERF 2.983E-06, representing a
reduction of 3.8E-07 for CDF and 1.08E-07 for LERF.

The proposed Unit 2 RI-ISI program has a base CDF to piping
failure of 2.15E-05 and a base LERF due to piping failure of
7.33E-06 if no inspections are performed. CDF with the failure
rates resulting from the inspections performed under the
combination of the current Section XI and augmented programs is
1.325E-05 with LERF 4.508E-06. A total of 67 segments are
selected for examination under the RI-ISI program, with 14
segments receiving credit for the existing FAC program. CDF and
LERF with the failure rates resulting from the inspections
performed under the proposed Risk-Informed program are the same
as those resulting from the current American Society of
Mechanical Engineers Section XI and augmented programs,
representing a risk neutral application.

The differences between the two units are due to several factors,
poth in existing unit configuration and in Risk-Informed
analysis.

Physical differences

Unit 2 has the ability to cross-connect for additional support
from each if the two adjacent units, Unit 1 and Unit 3. This
affects primarily Residual Heat Removal for this analysis.

E2-Page 1 of 3



Unit 3 has had the reactor recirculation system piping redesigned
and replaced. Most of the new piping is resistant to
Intergranular Stress Corrosion Cracking (IGSCC), and as such is
classified as IGSCC Category A. While there were some
replacements in Unit 2, the technique selected to reduce the
susceptibility to IGSCC for 109 elements was stress improvement,
which results in these elements being classified as IGSCC
Category C.

A physical difference due to the Unit 3 redesign is the
separation of the reactor recirculation header into two separate
headers, without the hard connection through an interconnecting
valve. This provides less physical restraint to movement in the
Unit 3 system, which results in reduced stresses due to thermal
expansion.

Probabilistic Risk Assessment (PRA) differences

The differences in physical configuration between the units
results in a different CDF (as reported in the Individual Plant
Examination) for each unit. Unit 2 has a CDF of 5.39E-06 while
Unit 3 has a CDF of 9.19E-06. This results in different
Conditional Core Damage Probabilities for each unit. The
Conditional Core Damage Probability for each initiating event is
also different between the units, and the impacts of mitigating
system effects are different. Mitigating system effects are also
impacted by the lack of cross-connect symmetry in Unit 3. For
Unit 3, this results in different values for the A/C and B/D RHR
trains, while in Unit 2 all RHR trains have the same value.

Failure Rate differences

The different stresses and materials between the two units result
in different failure rates. While this primarily affects the
reactor recirculation system, it is applicable in other systems
where there is a variation between the units.

Analysis differences

With different Conditional Core Damage/Large Early Release
Probabilities and different failure rates, there are different
CDF/LERF values for the segments in Unit 2 verses the
corresponding segments in Unit 3. Each segment is ranked with
respect to the remaining segments in that unit, and these
relative rankings are used to determine each segment
significance. The same rules and principles apply and were used
in both units.
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Result differences

The Unit 2 Risk-Informed analysis results in a risk neutral
application, while the Unit 3 analysis results in a risk
reduction. This is due to the fact that in Unit 3 the program
prior to implementing the Risk-Informed program was based on a
random selection of 25 percent of all IGSCC Category A welds.
The quantified element selection performed as part of the Risk-
Informed analysis selected those Category A welds that have
higher probability of CDF contribution. In Unit 2, none of the
Category A welds currently being examined by the augmented
program were selected for Risk-Informed examination; however,
these welds only contribute 1.95E-13 to CDF (0.0000009 percent).
Allowing for this exception, the remaining augmented examinations
under both the current and proposed programs are identical, with
the resultant risk neutrality.
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