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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON. D.C. 205&COO1

December 15, 1998

Mr. Lou Liberatori, Chairman
Westinghouse Owners Group Steering Committee
Indian Point Unit 2
Broadway & Bleakley Ave.
Buchanan, NY 10511

SUBJECT: SAFETY EVALUATION OF TOPICAL REPORT WCAP-14572, REVISION 1,
'WESTINGHOUSE OWNERS GROUP APPLICATION OF RISK-INFORMED
METHODS TO PIPING INSERVICE INSPECTION TOPICAL REPORT

The NRC staff has completed its review of the subject topical report which was submitted by the
Westinghouse Owners Group (WOG) through the Nuclear Energy Institute (NEI) by letter dated
October 10, 1997. The staff has found that this report is acceptable for referencing in licensing
applications to the extent specified and under the limitations delineated in the report and the
associated NRC safety evaluation, which is enclosed. The safety evaluation defines the basis
for acceptance of the report

Current inspection requirements for commercial nuclear power plants are contained in the 1989
edition of Section Xl, Division 1 of the American Society of Mechanical Engineers (ASME)
Boiler and Pressure Vessel Code (BPVC), entitled Rules for Inservice Inspection of Nuclear
Power Plant Components. WCAP-14572, Revision 1, provides technical guidance on an
alternative for selecting and categorizing piping components into high safety-significant (HSS)
and low safety-significant (LSS) groups for the purpose of developing a risk-informed inservice
inspection (ISI) program as an alternative to the ASME BPVC Section Xl ISI requirements for
piping. The RI-ISI programs can enhance overall safety by focusing inspections of piping at
HSS locations and locations where failure mechanisms are likely to be present, and by
improving the effectiveness of inspection of components by focusing on personnel
qualifications, inspection for cause, and the use of the expert panel. The WCAP provides
details required to incorporate risk-nsights when identifying locations for inservice inspections
of piping, in accordance with the general guidance provided in Regulatory Guide (RG)-1.174
and RG-1.178.

The staff will not repeat its review of the matters described in the WOG Topical Report
WCAP-14572, Revision 1, when the report appears as a reference in license applications,
except to ensure that the material presented applies to the specific plant involved. In
accordance with procedures established in NUREG-0390, the NRC requests that WOG publish
accepted version of the submittal, within 3 months of receipt of this letter. The acbepted
version shall incorporate this letter and the enclosed safety evaluation between the title page
and the abstract and an -A (designating accepted) following the report identification symbol.

RECEIVED

WOC paRJECT OFFICE
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L. Liberatori -2- December 15. 1998

If the NRC's criteria or regulations change so that its conclusion that the submittal is acceptable
are invalidated. WOG and/or the applicant referencing the topical report will be expected to
revise and resubmit its respective documentation, or submit justification for the continued
applicability of the topical report without revision of the respective documentation.

Should you have any questions or wish further clarification, please call me at (301) 415-1282
or Syed Ali at (301) 415-2776.

Sincerely,

Thomas H. Essig, A g Chief
Generic Issues and Environmental Branch
Division of Reactor Program Management
Office of Nuclear Reactor Regulation

Project No. 694

Enclosure: Safety Evaluation

cc w/enc: See next page
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SAFETY EVALUATION REPORT RELATED TO
"WESTINGHOUSE OWNERS GROUP APPLICATION OF

RISK-INFORMED METHODS TO PIPING INSERVICE INSPECTION"
(TOPICAL REPORT WCAP-14572, REVISION 1)

1.0 INTRODUCTION

On October 10, 1997, Nuclear Energy Institute (NEI), on behalf of Westinghouse Owners Group
(WOG), submitted Revision I of Topical Report, WCAP-14572, Westinghouse Owners Group
Application of Risk-Informed Methods to Piping Inservice Inspection," (Ref. 1) for review and
approval by the staff of the U. S. Nuclear Regulatory Commission (NRC). Supplement 1,
*Westinghouse Structural Reliability and Risk Assessment (SRRA) Model for Piping Risk-
Informed Inservice Inspection, 0 (Ref. 2) was included as part of that submittal.

WCAP-14572, Revision 1, provides technical guidance on an alternative for selecting and
categorizing piping components as high safety-significant (HSS) or low safety-significant (LSS)
groups in order to develop a risk-informed inservice inspection (0S!) program as an alternative to
the American Society of Mechanical Engineers (ASME) BPVC Section XI ISI requirements for
piping. Current inspection requirements for commercial nuclear power plants are contained in
the 1989 Edition of Section Xl. Division 1 of the ASME Boiler and Pressure Vessel Code
(BPVC), entitled 'Rules for Inservice Inspection of Nuclear Power Plant Components', (the
Code). The risk-informed inservice inspection (RI-ISI) programs enhance overall safety by
focusing inspections of piping at HSS locations and locations where failure mechanisms are
likely to be present, and by improving the effectiveness of inspection of components because
the examination methods are based on the postulated failure mode and the configuration of the
piping structural element. WCAP-14572 provides details required to incorporate risk-insights
when identifying locations for inservice inspections of piping, in accordance with the general
guidance provided in Regulatory Guide (RG)-1.174 (Ref. 3) and RG-1.178 (Ref. 4).

The WOG has asserted that the WCAP methodology for RI-ISI is a detailed implementation
document for ASME Code Case N-577 (Ref. 5). However, the staff has not evaluated Code
Case N-577 to determine its acceptability. Also, the staff has not evaluated WCAP-14572 to
determine if it is an acceptable document to meet the intent of Code Case N-577.

In developing the methods described in WCAP-14572, Revision 1, the industry incorporated
insights gained from two plants, Millstone Unit 3 and Surry Unit 1. The staffs review of
WCAP-14572 incorporates information obtained through technical discussions at pubric
meetings and through formal requests for additional information to address the issues related to
the analytical methods, observance of the application of the methods to the Surry pilot plant,
review of the Surry RI-ISI application, independent audit calculations, and peer reviews of
selected technical issues.

2.0 SUMMARY OF THE PROPOSED APPROACH

The scope of the RI-ISI program includes changes in the current ASME XI piping ISI
requirements with regard to the number of inspections, locations of inspections, and methods of
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inspections. The scope of the RI-ISI program does not include changes in the currernt ASME Xl
piping ISI requirements with regard to the inspection intervals and periods, acceptance criteria
for evaluation of flaws, expansion criteria for flaws discovered, inspection techniques and
personnel qualification. It should also be noted that augmented examination program for
degradation mechanisms such as intergrannular stress corrosion cracking (IGSCC) and erosion-
corrosion (EC) would remain unaffected by the RI-ISI program.

Page 4 (Section 1.1) of WCAP-14572 states that 'This report provides an alternative inspection
location selection method for nondestructive examination (NDE) and does not affect current
Owner-defined augmented programs.' For RI-ISI programs whose scope incorporates
augmented inspection programs, the effect of the current augmented programs on risk should
be addressed. In most circumstances, the staff believes that the current augmented programs
would be found acceptable. However, should the RI-ISI analysis identify that improvements to
the augmented programs are warranted to maintain risk at acceptable levels, then those
changes should be integrated into the respective programns.

The proposed approach is specifically for the NDE of Class 1 and 2 piping welds, but also
includes Class 3 systems and non-Code class components found to be HSS in the risk
evaluation. As stated by the Westinghouse Owners Group (WOG), other non-related portions of
the Code will not be affected by implementation of WCAP-14572, Revision 1, approach.

The RI-ISI process includes the following steps:

* scope definition
* segment definition
* consequence evaluation
* failure probability estimation
* risk evaluation
* expert panel categorization
* elementlNDE selection
* implementation, monitoring, and feedback

3.0 EVALUATION

For this safety evaluation, the NRC staff reviewed the WOG RI-ISI methodology, as defined by
WCAP-14572,.Revision 1, and its Supplement 1, with respect to the guidance contained in RG
1.178 and Standard Review Plan (SRP) Chapter 3.9.8 (Ref. 6) which describes the acceptable
methodology, acceptance guidelines, and review process for proposed plant-specific, risk-
informed changes to IS[ programs for piping components. Further guidance is provided in RG
1.174 and SRP Chapter 19.0 (Ref. 7) which contains general guidance for using Probabilistic
Risk Assessments in risk-informed decision-making.

3.1 Proposed Changes to the ISI Programs

Under the ASME Code, licensees are required to perform inservice inspection (ISI) of Category
B-J and C-F piping welds, as well as Examination Category B-F dissimilar metal welds, during
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successive 120-month (10-year) intervals. Currently, 25% of all Category B-J piping welds
greater than 1-inch nominal diameter are selected for volumetric and/or surface examination on
the basis of existing stress analyses. For Category C-F piping welds, 7.5% of non-exempt welds
are selected for surface and/or volumetric examination. Under Examination Category B-F, all
dissimilar metal welds require volumetric and/or surface examination.

Pursuant to Title 10, Section 50.55a(a)(3)(i), of the Code of Federal Regulations (10 CFR
50.55a(a)(3)(i)), licensees proposing to use WCAP-14572 methodology would propose an
alternative to the ASME Code examination requirements for piping ISI at their plants. As stated
in Section 1.2 of WCAP-14572, Revision 1, the RI-ISI program is intended to improve [SI
effectiveness by focusing inspection resources on HSS locations where failure mechanisms are
likely to occur. Therefore, the proposed approach meets the intent of ASME Section Xl that the
flaws are found before they lead to leakage and therefore the approach provides an acceptable
level of safety.

Augmented examination program for degradation mechanisms such as IGSCC and EC would
remain unaffected by the RI-ISI program. As stated in the WCAP-14572 (page 80, Section
3.5.5) and reiterated in the public meeting (item 11, Ref. 8) with Westinghouse on September
22, 1998, no changes to the augmented inspection programs are being made with the proposed
change to the ASME Section Xl Program. For calculating risk rankings, augmented programs
such as erosion-corrosion and stress corrosion cracking programs are credited when the
augmented program is deemed adequate to detect relevant degradation mechanisms.
Augmented programs are also credited in the change of risk evaluation for both ASME Section
Xl programs and RI-ISI programs.

Sections 1.1 and 1.4 of WCAP-14572, Revision 1, describe the proposed changes to the ISI
program that would result from applying this methodology. Details of the proposed changes
(that is, the specific pipe systems, segments, and welds, as well as the specific revisions to
inspection scope, locations, and techniques) are plant-specific and, therefore, are not directly
applicable to this evaluation. Section 3.2 of WCAP-14572 describes the process for identifying
the piping systems to be included in the scope of the RI-ISI program. Plant functions are
considered in the expert panel review process during the consequence evaluation. In response
to the staff open item 8(a) (Ref. 9), WCAP-14572 is being revised (Ref. 8) to state that the safety
functions of the system and piping segment being reviewed should be presented to the expert
panel to ensure that the expert panel specifically addresses the relationship between the

.systems and piping being evaluated and their associated plant safety functions. WCAP
Sections 3.5.2 and 3.5.3 address how industry and plant-specific experience are considered as
part of the evaluation process. Finally, Sections 4.4 and 4.5 of WCAP-14572 provide examples
from the pilot studies of revisions to inspection scope, locations, and techniques.

3.2 Engineering Analysis

According to the guidelines in RGs 1.174 and 1.178, the licensees proposing an Rl-ISI program
should perform an analysis of the proposed changes using a combination of engineering
analysis with supporting insights from a probabilistic risk assessment (PRA). For the RI-ISI
program, engineering analysis includes determining the scope of piping systems included in the
RI-ISI program, establishing the methodology for defining piping segments, evaluating the failure
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potential of each segment, and determining the consequences of failure of piping segments.
The following subsections discuss each of these aspects in greater detail.

3.2.1 Scope of Piping Systems

In accordance with the guidelines in Section 1.3 of RG 1.178, the staff has determined that full'
scope and partial scope options are acceptable for RI-ISI programs for piping. The full scope
option includes ASME Class 1, 2, and 3 piping and piping whose failure would compromise
safety related structures, systems, or components (SSC), and non-safety related piping that are
relied upon to mitigate accidents or whose failure could prevent safety-related SSC to perform
their function or whose failure could cause a reactor scram or actuation of a safety-related
system. For the partial scope option, a licensee may elect its RI-ISI program for a subset of
piping classes, for example, Class I piping only.

Section 3.2 of WCAP-14572, Revision 1, describes the scope of systems to be considered in an
RI-ISI program. WCAP-14572 identifies three criteria for system selection. Criterion 1: all Class
1, 2, and 3 systems currently within the ASME Section Xl program; Criterion 2: piping systems
modeled in the PRA; and Criterion 3: balance of plant fluid systems determined to be of
importance (mainly on the basis of NEI guidance for implementation of the Maintenance Rule
with respect to safety significance categorization). The Maintenance Rule scope definition is
used to provide a starting point for the determination of the scope of the RI-ISI program.

Section 2.3 of WCAP-14572 states that the scope incorporates piping segment cutsets that
cumulatively account for about 90 percent of the core damage frequency attributed from piping
alone.

In addressing the exclusion of piping systems from the scope of the RI-ISI program, Section 3.2
of WCAP-14572 includes the following explanation:

'Twenty-one systems were selected to be evaluated in more detail for the representative
WOG plant. The remaining systems are excluded from the scope of the risk-informed ISI
program. These systems are not addressed by ASME Section Xl, but some were considered
by the PRA (such as emergency diesel jacket water, containment instrument air, and
instrument air). However, each of these systems was reviewed by the plant expert panel
using the same criteria as in the determination of risk-significance for the Maintenance Rule.
In addition, the consequences postulated from the loss of any of these systems from a pipe
failure were determined not to be significant. Therefore, these systems in their entirety, were
determined to be outside the scope and not further evaluated.'

In order to allow for partial scope, the next revision of WCAP-14572 will add the following
statement in Section 3 and 3.2 as stated on page 264 of Ref. 8:

'A full scope program is recommended because a greater portion of the plant risk from piping
pressure boundary failures is addressed in the risk-informed IS[ program versus current
ASME Section Xi requirements since the examination are now placed in several high-safety-
significant piping segments that are not currently examined by the current Section Xl
approach. However, a partial scope evaluation may be performed given that the evaluation
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includes a subset of piping classes, for example, ASME Class 1 piping only, including piping
exempt from the current requirements."

The staff finds acceptable the discussion of scope since this definition is consistent with
guidance provided in RG 1.178 and SRP Chapter 3.9.8. However, the staff notes that the scope
of piping systems for RI-ISI should be plant-specific, and the staff is not endorsing WCAP-14572
pilot list of systems for generic use. The staff also finds acceptable the discussion of partial
scope option which is consistent with guidance provided in RG 1.178 and SRP Chapter 3.9.8
which state that the partial scope option is acceptable as long as it is well defined, and the
change in risk due to the implementation of the RI-ISI program meets the guidelines in RG
1.174.

3.2.2 Piping Segments

Section 3.3 of WCAP-14572, Revision 1 provides a definition for piping segments. The
approach used to define piping segments was based on the following considerations:

(1) piping failures that lead to the same consequence determined from the plant-specific PRA
and other considerations (e.g., loss of a residual heat removal (RHR) train, loss of a
refueling water storage tank (RWST), inside or outside containment consequences, etc.)

(2) where flow splits orjoins

(3) piping to a point where a pipe break could be isolated (This includes check valves and
motor-operated or air-operated valves. No credit is generally given for manual valves
however, situations may occur where manual valves can be used to isolate a failure by
plant operators and, in these cases, the decision for crediting manual valves is made by
the plant expert panel and documented as such.)

(4) Pipe size changes

In defining pipe segments, the possibility of check valves and other isolation valves failing to
close is not considered; that is, proper operation of the valves is assumed when defining
segment boundaries. The staff notes that this assumption will not have a significant impact on
the results, since the probability of a valve failing to close is small (ranging from 1 a per demand
for motor-operated valves (MOV) to approximately 104 per demand for check valves) and the
consequences from failure will not change in most instances. In addition, when operator action
is credited for the isolation of a pipe break, the valve failure probability will be small when
compared to the human error probability, and this combined probability will be subject to a
sensitivity study as discussed in Section 3.3 of this safety evaluation report (SER). Finally, the
treatment of automatic isolation valves will be clarified as follows (item 9 of Ref. 8):

*Automatic isolation valves are assumed to close if the pipe failure in question would
create a signal for the valves to close. Containment isolation valves should be carefully
considered for segments which-contain the containment penetrations. If the segment
consequences are significantly different assuming an automatic and/or containment
isolation valve failure, then the piping segment definition should be reviewed and if
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necessary, the piping segment should be further combined or subdivided such that the
failure of the valve, under pipe failure conditions, would be considered in conjunction with
the change in consequences.'

The staff finds that the definition of a piping segment, as addressed in Section 3.3 of WCAP-
14572, Revision I (and subject to the revision noted above) is acceptable since this definition is
consistent with the expectations expressed in Section 4.1.4 of RG 1.178 which states that one'
acceptable approach to divide piping systems into segments is to identify segments as portions
of piping having the same consequences of failure in terms of an initiating event, loss of a
particular train, loss of a system, or combination thereof. The staffs approval is conditioned
upon Westinghouse making the change to WCAP-14572 described above.

3.2.3 Piping Failure Potential

WCAP-14572 methodology is based on industry experience and the Structural Reliability and
Risk Assessment (SRRA) computer code to determine the failure probabilities of piping
segments. The staff believes that the purpose of the piping failure probability estimation is to
provide a relative estimate of the piping failure potential in order to differentiate the piping
segments based on potential failure mechanism and postulated consequences. The relative
failure probabilities of piping segments provide insights for use by the expert panel in defining
the scope of inspection for the RI-ISI program. Section 3.4 of this SER provides a detailed
discussion of the qualification and role of the expert panel.

At its briefing in July 1997, the NRC's Committee to Review Generic Requirements (CRGR)
requested that the staff should have a peer review performed with regard to using structural
reliability and risk assessment computer codes to estimate the probability of a piping failure.
The peer review, performed by Battelle-Columbus, and documented in a letter report (Ref. 10),
concluded that the SRRA computer code is technically sound and within the state-of-the-art, and
that its application can facilitate risk-informed regulatory decision-making' in the area of ISI.

Over the past 3 years, as ASME-Research and the WOG developed methods to perform RI-IS!
programs for piping, the staff held public meetings with both groups to develop guidelines for
acceptable uses of probabilistic fracture mechanics computer codes. In addition, with the
assistance of Pacific Northwest National Laboratory (PNNL), the staff performed independent
audit calculations to validate the results of the SRRA computer code.

Computer programs CLVSQ and other SRRA computer codes for RI-ISI, such as LEAKMENU
and LEAKPROF, were developed, verified and controlled in accordance with the Westinghouse
Quality Management System.

Section 3.5 of WCAP-14572, Revision I presents general discussion of failure probability
determinations; the details of the methodology, process, and rationale are contained in
Supplement I to the WCAP-14572. This includes piping failure modes, degradation
mechanisms, SRRA models, program input, uncertainties, and calculation of failure probability
over time. Piping failure potential was determined based on failure probability estimates from
the SRRA software program. This software uses Monte-Carlo simulation to calculate the
probability of a leak or break for Type 304 or 316 stainless steel piping or for carbon steel piping.
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It is recommended in Section 3.5.2, that known failures at other plants be considered and.
evaluated for applicability.

Section 3.4 of WCAP-14572, Supplement 1, addresses the treatment of uncertainties in the
failure probability assessments. The statistical variations for a number of input parameters are
discussed therein. Material properties such as yield strength, ultimate strength, fracture
toughness, and tearing modulus are not mentioned, but inputs for these properties are more
appropriately addressed in plant-specific applications of the program.

WCAP-14572 methodology involves assigning all significant degradation mechanisms present in
the segment to a single weld, and imposing the operating characteristics and environment to
that weld. The failure probability developed from the Monte-Carlo simulation of this weld is
subsequently used to represent the failure probability of the segment, regardless of the number
of welds in the segment, or the length of the segment. WCAP-14572 states that this
approximation is appropriate since the same loadings occur across the segment and a single
weld failure will fail the segment WCAP-14572 also states that failures in a piping segment due
to the dominating failure mechanisms are correlated, and that the failure probability of the weld
subject to the dominating mechanisms is typically several orders of magnitude higher than those
without the dominating mechanisms. When more than one degradation mechanism is present,
the combination of all significant degradation mechanisms for the segment failure probability
should produce a limiting failure probability. The output of the SRRA code is thus best
described as a relative estimate of the susceptibility of a pipe segment to failure as determined
by the weld material and environmental conditions within the segment. The WOG methodology
primarily uses these estimates in the following ways:

* Combine with quantitative risk estimates from the PRA to support the expert panel's
classification of segments into LSS or HSS.

* Provide guidance regarding the susceptibility of each segment to failure during the sub-
panel's selection of welds to be inspected under the RIl-SI program.

Since the WCAP-14572 methodology involves assigning all significant degradation mechanisms
present in the segment to a single weld, and imposing the operating characteristics and
environment to that weld, the staff finds the methodology acceptable to estimate pipe segment
failure probabilities, i.e., the estimation of relative failure probabilities is sufficiently robust to
support categorization of pipe segments by the expert panel when this information is used in
conjunction with considerations of defense-in-depth and safety margins to support the RI-ISI
change request.

The staff also finds it acceptable that the SRRA code assumes that unstable fractures (ruptures)
of piping are governed by the limit load criterion because it meets the limit load criterion used in
the ASME Code, Section Xl, Appendix H, for unstable fractures. The Log-Normal distributions of
flaw aspect ratios are based on the same assumptions used in the pc-PRAISE code, an NRC
sponsored code.

The Monte-Carlo method as implemented into the SRRA code is a standard approach which is
commonly used in probabilistic structural mechanics codes including the pc-PRAISE code.
Importance sampling, again a common and well-accepted approach, increases the'
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computational efficiency of the Monte-Carlo procedure by shifting the distributions fdr random
variables to increase the number of simulated failures. The magnitude of shift applied to the
variables by the SRRA code is relatively modest and is not believed to be sufficient to cause
incorrect estimates of failure probabilities. The staff finds the numerical method acceptable
because it represents standard probabilistic fracture mechanics techniques, is based on sound,
generally accepted principles of solid mechanics, and is consistent with guidance provided in
RG 1.178 and SRP Chapter 3.9.8.

WCAP-14572 states that the median values for stresses were set equal to one-half the stress
values calculated by ASME Code stress analysis. In the public meeting on September 22, 1998
rtem 2, Ref. 8], Westinghouse stated that in most piping stress analyses, dead weight, thermal,
and pressure stresses are calculated on the basis of conservative assumptions such as
concentrated dead loads, rigid support stiffnesses, conservative design conditions and stress
concentration factors. Westinghouse also stated that the next revision of WCAP-14572 will
clarify that if piping stress analysis is performed on the basis of realistic rather than conservative
assumptions, higher median values and lower uncertainty can be justified and used in the
detailed input options. Conditioned upon this change being incorporated into the next revision of
WCAP-14572, the staff concludes that the approach for estimating the median values for
stresses is acceptable because it is based on assumptions of conservative stresses in common
pipe stress analyses and also accounts for situations when realistic, rather than conservative,
values of dead load and thermal stresses are used.

In the public meeting on September 22, 1998 [item 3, Ref. 81, Westinghouse stated that the
welding residual stresses used in the SRRA code are consistent with the pc-PRAISE code.
Because of conservatism in applying these stresses in the SRRA code, the residual stresses are
truncated at a maximum value of 90% of the material flow stress. Westinghouse also stated that
the next revision of WCAP-14572 will provide basis for estimating the residual stresses to be
used in the SRRA code. The staff finds the estimation of residual stresses to be acceptable
because the conservatism that the residual stress is assumed to be constant through the weld
wall and around the circumference, and no relaxation of residual stress is assumed for an initial
fabrication flaw justifies the assumption that the yield strength of the weld is assumed to be 90%
of the flow stress in the SRRA code for RI-ISI. The staff's approval is conditioned upon
Westinghouse making the change to WCAP-14572 as described above.

In the public meeting on September 22, 1998 [item 4, Ref. 8), Westinghouse stated that industry
experience has shown that axial cracks which could initiate from longitudinal welds are not a
serious concern and have a low probability of occurrence because of the normal pressure and
temperature ranges associated with nuclear operating plants. ASME Code Case N-524 was
written to eliminate the requirement to examine longitudinal welds beyond the region of
intersection with circumferential welds. The staff concludes that this approach is acceptable to
address the axial cracks that could initiate from longitudinal welds, conditioned on Westinghouse
revising WCAP-14572 [hem 4, Ref. 81 to state that in the rare situation that a longitudinal weld or
nonstandard geometry would need to be evaluated, the failure probability should be estimated
by other means, such as expert opinion or advanced modeling.

The PRODIGAL program is used to calculate the number of flaws per weld length near the inner
surface of the pipe. The staff concludes that this treatment of near-surface flaws is adequate
and acceptable because all near-surface flaws are assumed to be inner surface breaking flaws,
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the stress intensity factor for the near-surface flaws are conservatively calculated inthe SRRA
fracture mechanics models, and the flaw density used for the failure probability calculation is not
reduced to eliminate the effect of flaws that are not actually surface flaws. The staffs approval is
conditioned upon Westinghouse making the change to WCAP-14572 described above as stated
by Westinghouse in the public meeting on September 22, 1998 rdem 4, Ref. 8].

The CLVSQ program uses a simplified correlation to calculate leak rates. The staff finds the
leak rate model to be acceptable since the accuracy of the correlation for fatigue type cracks is
estimated to be within 25% and was judged to be acceptable by the ASME Research Task
Force. PNNL's studies with pc-PRAISE also showed that the large leak and break probabilities
were relatively insensitive to the actual value of the detectable leak rate in the range of 0.3 to
300 gpm [Rem 5 (c), Ref. 8].

The staff had identified an open item that WCAP-14572, Revision 1, does not identify the value
that is used for the high-cycle fatigue stress for the 1-inch pipe size. Westinghouse clarified in
the public meeting on September 22, 1998 [item 6, Ref. 81, that the vibration input for 1-inch pipe
size is an input parameter determined by the SRRA user and an insert will be added in
WCAP-14572 to provide guidelines for the SRRA user. A correction factor is applied to this
stress to obtain the fatigue stress for other pipe sizes. The staff finds this approach to be
acceptable since it specifies that the simplified input parameter is the peak-to-peak vibratory
stress range in ksi corresponding to a one-inch pipe size. The staffs approval is conditioned
upon Westinghouse making the change to WCAP-14572 described above.

Figure 4-2 of WCAP-14572, Revision 1, Supplement 1, graphically compares SRRA model
predictions with industry plan' data relative to the probability of violating minimum wall thickness
criteria because of flow-accelerated corrosion wastage. The staff had expressed a concern
(Ref. 9) that the graph indicates that the SRRA model tends to over-predict the failure probability
early in plant life and to under predict later in life.' In the public meeting on September 22, 1998
[tem 7 (a), Ref. 8], Westinghouse explained that the minor over-prediction early in life is
attributable to lower plant startup capacity factors (fraction of time at full power and flow), while
the minor under-prediction later in life is attributable to higher capacity factors during this more
mature period of plant operation. The staff finds this response acceptable since the industry
observed failure rates due to wastage are within a factor of 2 to 3 of the SRRA calculated values
even though the calculation was based upon data averaged values of pipe size and wall
thickness.

Supplement 1 to WCAP-14572 provides information on assumptions made in the SRRA wall
thinning model. In the public meeting on September 22, 1998 [item 7 (b), Ref. 8], Westinghouse
stated that the next revision of WCAP-14572 will provide guidance for material wastage potential
consistent with Ref. 11. The staff concludes that the guidance for estimating the material
wastage potential is acceptable since, if material wastage rates are high enough to proceed
through the pipe wall, the probabilities of small leak, large leak and break are all calculated to be
the same. The staffs approval is conditioned upon Westinghouse making the change to WCAP-
14572 described above. In addition, the acceptance is limited to this application, i.e.,
development of a risk-informed ISI program. As noted elsewhere, the licensees' augmented
programs for erosion-corrosion will not be changed as a result of this alternative, and the staff is
not endorsing the SRRA code for application in such augmented programs.
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The staff had identified an open item that WCAP should provide guidance for the analyst on the
SRRA code limitations for complex geometries and guidance for effective use of the code in
such applications. In the public meeting on September22, 1998 [item 12, Ref. 8], Westinghouse
stated that the SRRA piping models only apply to standard piping geometry (circular cylinders
with uniform wall thickness). Westinghouse further stated that a limitation on the use of
nonstandard geometry will be added in the next revision of WCAP-14572. The staff finds this
clarification of the code limitation to be acceptable. The staff's approval is conditioned upon
Westinghouse making the change to WCAP-14572 described above:

The staff had also indicated that WCAP should specify the level of training and qualification that
the code user needs to properly execute the SRRA code. In the public meeting on September
22, 1998 rtem 13, Ref. 83, Westinghouse indicated that the next revision of WCAP-14572 will
state that to ensure that the simplified SRRA input parameters are consistently assigned and the
SRRA computer code is properly executed, the engineering team for SRRA input should be
trained and qualified. The revised WCAP will also list the topics covered in this training as
described in the September 22, 1998, public meeting [item 13, Ref. 8]. The staff finds the level
of training and qualification that the code user needs to properly execute the SRRA code to be
acceptable since it includes training on overall risk-informed ISI process, and how SRRA
calculated probabilities are used in the piping segment risk calculation. The staff's approval is
conditioned upon Westinghouse making the change to WCAP-14572 described above.

It was the staffs understanding that the existing correlation for leak rates are limited to
pressurized-water reactors (PWR) reactor coolant system (RCS) conditions. The staff had
indicated (Ref. 9) that Westinghouse should clarify whether the SRRA code can be applied to
boiling-water reactors (BWR) and justify the applicability of the correlations used to calculate
leak rates under BWR operating conditions. In the public meeting on September 22, 1998,
Westinghouse stated that the existing correlations for leak rates can be used for other plant
conditions beyond the RCS and that the SRRA code can be applied to BWRs; however, care
must be exercised in applying this approach to BWR piping systems, particularly those
subjected to intergrannular stress corrosion cracking (IGSCC). In addition, Westinghouse
indicated that WCAP-14572 will be revised [item 5(d), Ref. 8] to provide guidance on addressing
stress corrosion cracking. The staff finds the response acceptable since most piping susceptible
to stress corrosion cracking (SCC) is also subject to fatigue loading, such as normal heat up and
cool down, and the leak rate correlation for fatigue type cracks was conservatively assumed for
the CLVSQ Program. The staffs approval is conditioned upon Westinghouse making the
change to WCAP-14572 described above.

The staff had identified an open Rem that WCAP should describe how proof testing is
addressed in the SRRA calculations. In the public meeting on September22, 1998 [item 14,
Ref. 83, Westinghouse stated that the effect of proof testing on the segment risk ranking and
categorization would be very small and slightly conservative. Westinghouse also indicated that
the next revision of WCAP-1 4572 will clarify that SRRA models in LEAKPROF do not take credit
for eliminating large flaws, which would fail during the pre-service hydrostatic proof test, even
though this is allowed as an input option in pc-PRAISE. The staff concludes that the approach
for addressing proof testing is acceptable because Westinghouse has demonstrated that the
effect of proof testing on the segment risk ranking and categorization would be very small and
slightly conservative. The staffs approval is conditioned upon Westinghouse making the
change to WCAP-14572 described above.
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Before issuing this SER, the staff had identified an open item that the probability of-detection
curves used in calculations need to be justified for the material type, inspection method,
component geometry, and degradation mechanism that apply to the structural location being
addressed. In the public meeting on September 22,1998 [item 15 (a); Ref. 8], Westinghouse
stated that the default input values for the probability of detection (POD) curves are consistent
with the default input values for pc-PRAISE. The revised WCAP will emphasize that the SRRA
code user must ensure that the specified input values for POD are appropriate for the type of -
material, inspection method, component geometry, and degradation mechanism being
evaluated. The staff finds this response acceptable since POD curves are consistent with the
default input values for pc-PRAISE code which has been validated and accepted by the staff for
various applications. The staff's approval is conditioned upon Westinghouse making the change
to WCAP-14572 described above.

Before issuing this SER, the staff had identified an open item that Westinghouse should expand
the code documentation to provide additional guidance for selecting the input for the calculation.
In the public meeting on September 22, 1998 [item 1 5 (b), Ref. 8], Westinghouse stated that the
next Revision of WCAP-14572, Supplement 1, will provide detailed guidelines for simplified input
variables and any associated assumptions that could be important in assigning the input values
for the SRRA code. WCAP-14572 will also state that if more than one degradation mechanism
is present in a given segment, the limiting input values for each mechanism should be combined
so that a limiting failure probability is calculated for risk ranking. The staff finds the guidance in
item 15 (b), Ref. 8 to be acceptable because it provides sufficient guidance for the code user for
selecting input parameters. The staff's approval is conditioned upon Westinghouse making the
change to WCAP-14572 described above.

3.2.4 Consequence of Failure

The consequences of the postulated pipe segment failures'include both direct and indirect
effects of each segment failure. The direct effects include failures that cause initiating events or
disable system trains or entire systems as a result of the loss of flow paths or loss of inventory,
and the possible creation of diversion flow paths. Indirect effects include spatial effects, such as
flooding, water spray, pipe whip, and jet impingement. WCAP-14572 methodology relies on the
use of PRA models and results to gain insights into the potential direct and indirect
consequences of pipe failures. Plant walkdowns are also an integral part of the methodology.
The staff finds the general guidance provided in WCAP-14572 to determine the direct and
indirect consequence of segment failure to be acceptable because it is comprehensive and
systematic, and should produce a traceable analysis. WCAP-14572 does not include a detailed
discussion of the specific assumptions to be used to guide the assessment of the direct and
indirect effects of segment failures. For example, although diversion of flow is included as a
direct effect, there is no guidance for determining whether a flow would be sufficiently large to
fail a system function. Similarly, WCAP-14572 does not provide clear guidance for calculating
flooding effects with regard to the required modeling of flood propagation pathways, modeling of
flood growth and mitigation, and assumptions for the failure of critical equipment within a flood
zone (e.g., if electromechanical components must be submerged before failure, etc.). The staff
finds that specific assumptions regarding the direct and indirect effects of pipe segment failure
should be developed by the individual licensees and should form part of the onsite
documentation. A revision to WCAP-14572 (see item 8 (e) in Ref. 8) will require that details from
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the consequence evaluation be maintained onsite for potential NRC audit.

WCAP-14572 methodology recommends considering a spectrum of different size breaks (i.e.,
failure modes) in every segment. The failure modes considered are the small leak, the disabling
leak, and a full break, as discussed in Section 3 of Supplement 1. Failure probability for each of
these modes typically decreases as the size of the break increases. WCAP-14572 also defines
the direct and indirect effects to be evaluated for each postulated failure mode. The staff finds
that the association between failure mode and effects is reasonable when compared to previous
results and findings from PRAs of internal flooding events.

In section 3.4.2 of WCAP-14572 it is stated that the indirect effects of a pipe whip need not
include the rupture of other piping of equal or greater size, but it should be assumed that a
through-wall crack will develop in a line that is impacted by a whipping pipe of the same size. In
Ref. 8, Westinghouse stated that the bases for these assumptions are found in Ref. 13 and Ref.
14. These references also provide justification for WCAP-14572 guidance on the location of
circumferential and longitudinal breaks in high energy piping runs. In accordance with Hem 1O of
Ref. 8, Ref. 13 and Ref. 14 will be added to the WCAP-14572, and cited appropriately in the text.
The staff finds that the bases found in Ref. 13 and Ref. 14 to be acceptable because they
represent established and commonly accepted industry practices. The staffs approval is
conditioned upon Westinghouse making the change to WCAP-14572 described above.

3.3 Probabilistic Risk Assessment

The requirements of a PRA and the general methodology for using PRA in regulatory
applications is discussed in the guidelines in RG 1.174. RG 1.178 provides guidance that is
more specific to ISI. It is expected that Ucensees who wish to apply the WCAP-14572
methodology to an RI-ISI program will also conform to the RGs 1.174 and 1.178 guidelines for
PRA quality, scope, and level of detail.

In July 1997, at staff briefing of the CRGR on draft RG 1.178, CRGR suggested that a peer
review be performed of the use of PRA methods to support RI-ISI. The methodology proposed
in RG 1.178 is similar to that found in WCAP-14572. The peer review, performed by
Brookhaven National Laboratory (BNL), and documented in a letter report (Ref. 12), concluded
that the PRA approach is technically sound and within the state-of-the-art, and that the approach
can facilitate risk-informed regulatory decisionmaking in the area of ISI.

WCAP-14572 does not prescribe the incorporation of pipe segment failure events into the PRA
model. Instead, the core damage frequency (CDF)flarge early relief frequency (LERF) for each
segment is determined by the use of surrogate events (i.e., initiating events, basic events, or
groups of events) already modeled in the PRA with failures that are representative of the effects
of the piping segment failure. By setting the appropriate surrogate events to a failed state in the
PRA and by re-quantifying the PRA, the impact of the pipe segment failure can be estimated.
The staff finds this process acceptable as long as the truncation limits used in the baseline
calculations are maintained and the model is re-quantified. If a pre-solved cutsetlscenario
model is used instead of re-quantifying the baseline model, the application should include
justification as to why the truncated model still produces reasonable results given that the
equipment is assumed to be failed.
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The segment failure probability/rate is combined with the results of the risk calculation as
described in Equations 3-1 to 3-10 of WCAP-14572, Revision 1. The results are subsequently
combined into a total piping segment CDF (or LERF). The staff recognizes that the WCAP
equations are approximations for segment failures which do not trip the plant and that are
discovered before an unrelated plant trip. Following the discovery of such a rupture, the likely
operator action would be to isolate the break and to decide whether to shutdown or to continue
plant operation. In some cases, the break may disable equipment required by the technical
specifications and plant operation will be governed by allowed outage time (AOT). If the
decision is made not to shut down the plant, the licensee would presumably realign the affected
systems to facilitate repairs. If the decision is made to shut down the plant, the licensees may
realign the systems to provide more robust mitigating function capabilities during the shutdown
process, or may simply begin a controlled plant shutdown. In all cases except the long AOT
scenario, the degraded condition would only be present during a relatively short time span.
Furthermore, a pipe segment rupture is an unusual event and the operations staff would be very
aware of the degraded functions and would be prepared to actively intervene if necessary. The
staff finds the assumption that short AOT and controlled shutdown risk are minor contributors
compared to risks associated with segment failure following an unrelated transients acceptable
because of the short exposure time and the heightened awareness by the plant staff.

Short exposure time and heightened plant staff awareness may not, however, be a reasonable
assumption if there is a long AOT. In response to staff comments, Westinghouse indicated that
in a future revision to WCAP-14572 [item 18, Ref. 8], Equation 3-8 will be modified such that, for
systems in which outage times are approximately the same order of magnitude as the test
interval (T, ), e.g., approximately AT, , the contribution attributed to maintenance unavailability
(expressed as FRp. * AOT) will be added to the total component unavailability.

The staff notes that the description associated with equation 3-5 on page 97 of the WCAP is not
an appropriate characterization of the OCCDF variable in the equation. The equation estimates
what the WCAP refers to as a Conditional-Core Damage Frequency (CCDF) to characterize
the risk due to pipe failures that do not cause an initiating event but only fail mitigating systems.
The staff believes that the desired quantity is not the conditional core damage frequency given a
pipe break as stated, but rather the increase in the core damage frequency when the pipe break
probability is changed from zero to unity. This change is multiplied by the pipe break failure
probability to obtain the core damage frequency due to the pipe break. With this change in
definition (e.g., CCDF as Change in Core Damage Frequency) of the result being calculated by
the equation, the equation is correct and acceptable.

The staff notes that Equation 3-8 on page 99 is used to characterize several slightly different
failure modes of piping segments. For failure modes where the pipe is continuously degrading
and eventually reaches the point that transient or additional stresses associated with a demand
following an initiating event would cause the pipe to fail, the equation corresponds to the normal
standby failure estimate (e.g., the pipe integrity has failed but the failure only becomes apparent
on demand). If the segment does not continuously degrade,' but the strength is degraded
slightly on each test demand, the equation is also a valid approximation. If the pipe does not
degrade, but there are variations in the demand stress, the equation underestimates the failure
probability by a factor of two. The staff finds the approximation acceptable since it is valid for
the most likely failure modes, and produces a reasonable approximation for the other failure
mode.
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The staff finds that the methodology will yield results of commensurate precision with the
segment failure probabilities and which, after review by the expert panel, can be used to support
safety significance determination.

3.3.1 Evaluating Failures with PRA

The staff finds that the discussion in Section 3.6.1 of WCAP-14572, Revision 1, concerning the
evaluation of CDFILERF using surrogate components needs clarification with regard to the
incorporation of indirect consequences associated with pipe segment failures. Since
WCAP-14572, Revision 1, does not explicitly state that all components subject to a harsh
environment, jet impingement, pipe whip, etc., initiated by a pipe segment failure should be
failed in the PRA model evaluation, individual applications utilizing WCAP-14572 methodology
must assume failure of this equipment in the risk evaluation, or provide justification as to why
failure is not assumed in order to be considered an acceptable implementation of WCAP-14572
(e.g., the component is environmentally qualified to the conditions expected from the pipe failure
event).

For some initiating events and plant operating modes, the scope of the available plant-specific
PRA models may not be sufficient to estimate the impact of a pipe segment failure. For
example, some PRAs may not model fires, seismic or other external events, and the shutdown
mode of operation to the level of detail required to estimate relative risk importance or risk
impact. For these cases, the impact of failure of each pipe segment on risk must then be
developed and incorporated in the decision-making process by an expert panel. WCAP-14572
provides sample expert panel worksheets that include a listing and discussion of the safety-
significant functions a system must perform. The expert panel is expected to consider the
importance of these functions for scenarios not modeled in the PRA so that the categorization of
safety significance of the pipe segments reflects all plausible accident scenarios. Since the text
in WCAP-14572 does not discuss system functions and their use by the expert panel, individual
RI-ISI applications must address this issue in order to be considered an acceptable
implementation of WCAP-14572.

3.3.2 Use of PRA for Categorizing Piping Segments

Based on quantitative PRA results which assume no credit for 1SI, risk reduction worth (RRW)
and risk achievement worth (RAW) measures are developed for each pipe segment as
described in Equations 3-11 and 3-12 of WCAP-14572. The RRW calculates the current
contribution of the segment failure to risk and the RAW calculates the potential change in risk
associated with the failure of the pipe segment. Use of these measures provides useful insights
to the integrated decision-making process. The staff finds that the use of quantitative models
which assume no credit for ISI is appropriate for the determination of the safety significance of
pipe segments because one of the goals of the RI-ISI program is to target the inspection of
those elements where inspection will be most efficient; If a pipe segment has one or more welds
inspected under an augmented inspection program, WCAP-14572 methodology specifies that
the representative weld failure probability is calculated assuming credit for ISI. The use of
quantitative models which credit ISI for segments inspected under the augmented program is
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appropriate since the augmented program inspection is maintained in the RI-ISI probess.

WCAP-14572 recommends that pipe segments with RRWgreaterthan 1.005 should be
categorized as HSS while the segments with RRW values between 1.001 and 1.0O4 should be
identified for additional consideration by the expert panel. The staff recognizes the utility of the
suggested RRW guidelines and finds that these suggested values may be used for initial
screening. WCAP-14572 does not provide guidelines for the RAW values for classification of-
safety significance. Instead, WCAP-14572 suggests that these values should be generated and
supplied to the expert panel for consideration. The staff finds that the RAW values, or some
other measure of the consequence of segment failure, provides a valuable input to the decision
making process. The expert panel should be aware of the implications of high RAW values (or
other consequence measure) so that their decisions are made with a full understanding of the
severity of the consequences of each segment's rupture. The appropriateness of the RRW
guidelines and use of the RAW values should be documented as part of the licensee's
categorization process and should be assessed on a plant-specific basis within the framework
of the proposed ISI program and based, in part, on the risk impact from the application.

An integral part of the categorization process is the expert panel which makes a final
determination of the safety significance of each pipe segment. The expert panel considers pipe
segment characteristics (e.g., Table 3.6-9 of WCAP-14572, Revision 1), the system
characteristics (e.g., Table 3.6-12 of WCAP-14572, Revision 1), the risk-related information in
the form of relative pipe segment importances and consequences of pipe failure, and information
not available from the risk analyses such as the importance of the pipe for mitigating
unquantified events (shutdown, external events, etc.). In addition, guidance to be added to
Section 3.6.3 of WCAP-14572 Ptem 8(c), Ref. 8] wll ensure consistent application of the expert
panel process. Section 3.4 of this SER provides a detailed discussion of the qualification and
role of the expert panel. The staff finds that in the categorization of pipe segments, the use of an
expert panel (as documented in Section 3.6.3 of WCAP-14572) to combine PRA and
engineering information (as described in example Tables 3.6-9 and 3.6-12) is acceptable and
necessary. The staff finds the process acceptable since it meets the intent of the integrated
decision-making process guidelines discussed in RGs 1.174 and 1.178, in that engineering and
risk insights (both qualitative and quantitative) are taken into consideration in identifying safety
significant piping segments. The staff notes that the expert panel's records must be retained on
site and available for NRC staff audits. The staffs approval is conditioned upon Westinghouse
making the change to WCAP-1 4572 described above.

3.3.2.1 Sensitivity to Modeled Human Actions

Operator actions to isolate a break and mitigate its immediate consequences are credited in the
RI-ISI analysis. For example, operator action to close an MOV to stop the loss of water from a
break can be credited, if this action is shown to be feasible. WCAP-14572 methodology
recommends that two sets of calculations be performed, one assuming all such actions are
successful and another assuming that all such actions fail. The RRW and RAW measures are
calculated for these different assumptions and if the RRW is greater than 1.005 for the CDF or
LERF calculations with or without operator action the segment is classified HSS. If any RRW is
between 1.005 and 1.001, safety significance'considerations are reviewed and the safety
significance determined during the expert panel deliberations. The staff finds it acceptable to
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use sensitivity studies to bound the possible impact of operator actions since these. sensitivity
calculations may point to areas where credit for recovery actions plays a major role in the
classification of pipe segments (and where licensee commitment to these actions is important, or
dependence on these recovery actions can be lessened).

In addition to operator recovery actions, the modeling of human actions can affect the RI-ISI
process in another way. Specifically, choosing a surrogate PRA component to represent the
system effects of a pipe failure in a segment must include consideration of how the surrogate
component is modeled in the PRA, including the modeling of recovery actions for the
component. To emphasize this consideration when choosing surrogate components, the
following will be added to a future revision of WCAP-14572 [ item 8 (d) of Ref. 81:

'When choosing a surrogate component, care must be taken to account for the ways in
which the component has been modeled in the PRA, including recovery actions which
may have been modeled to restore the operability of the component If the recovery action
was determined to be inappropriate for the postulated consequence given a piping failure,
the recovery action basic event should also be failed with a probability of 1.0.'

The staff finds the above addition to be acceptable since operator recovery actions that are no
longer feasible as a result of a flood, will no longer be credited. The staffs approval is
conditioned upon Westinghouse making the change to WCAP-14572 described above.

3.3.2.2 Sensitivity to Segment Failure Probability

WCAP-14572 includes an evaluation in which the impact of the variation in the segment failure
probabilities on the safety significance determination is investigated. The analysis was based on
assigning a range factor to the pipe failure probabilities. The staff finds that this study is useful
and should be performed on a plant-specific basis for RI-ISI applications so that the impact of
the variation of the pipe failure probabilities on the safety significance classification process can
be evaluated.

As part of the staff's review of the WCAP methodology, independent audit analyses were
performed by PNNL to estimate the uncertainties in the calculated failure probability for a piping
segment. Highlights of the uncertainty studies are documented in NUREG-1661 (Ref. 15). The
results from the uncertainty studies are illustrated in Figure-1 and summarized below:

1. The upper bound curve was based on the largest of the 100 failure probabilities calculated
from the 100 pc-PRAISE runs for each given cyclic stress level.

2. The largest uncertainties are for those cases that have very low values of calculated failure
probabilities. The uncertainties decrease with increasing failure probabilities.

3. The categorization of piping segments as high- and low-safety-significant is a function of the
degradation mechanism and consequences. 'Inactive' versus 'active' degradation
mechanisms result in significant variation in failure probabilities. This variation tenders the
impact of the large uncertainties for components with low failure probabilities as having a
relatively small impact on the categorization. The effects of uncertainties on component
categorization can be accounted for through numerical evaluations, such as Monte Carlo
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analyses.

4. The calculations for components with very low failure probabilities are particularly sensitive to
the tails of the distributions assumed for input parameters such as flaw depths and crack
growth rates. The large uncertainties in the calculated failure probabilities are a direct results
of the fact that the tails of these input distributions are based on extrapolations from actual
data.

5. Failure rates for components with high calculated failure probabilities can be assessed for
consistency with plant operating experience and with industry data bases on reported field
failures. The ability to make such comparisons helps to minimize the uncertainties in the
calculated probabilities.
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Figure -1I Uncertainty Bounds Related to Values of Calculated Failure Probabilities

To ensure that the potential impact of uncertainties is adequately addressed in the
categorization of piping segments, Westinghouse committed to add the following as part of~a
future revision to WCAP-14572 _iem 19. Ref. 83:

'in addition to the sensitivity studies described above, a simprified uncertainty analysis is
performed to ensure that no low safety significant segments could move into the high
safety significance category when reasonable variations in the pipe failure and
conditional CDFILERF probabilities are considered. The results of the evaluation along
with other insights are providedl to the plant expert panel.'
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The staff finds that the sensitivity studies as proposed by WCAP-14572 (and as amended by the
above addition) would address model uncertainty in terms of pipe failure probabilities, and would
ensure that pipe segment categorization is robust. The staffs approval is conditioned upon
Westinghouse making the change to WCAP-14572 described above.

3.3.3 Change in Risk Resulting from Change in ISI Programs

To estimate the change in risk from the implementation of the RI-IST program, WCAP-14572
methodology utilizes the SRRA code to provide a Quantitative estimate of the relative
susceptibility of pipe segments to failure as determined by the weld material and environmental
conditions within the segment. Different weld failure probabilities are calculated depending on
whether the weld is inspected or not. The methodology credits the reduction in weld failure
probability attributable to ISI at the segment level. If one or more welds within a segment are
inspected under the current Section Xl program or the RI-ISI program, the selected weld failure
probability including credit for ISI is assigned to the segment That is, the segment failure
probability will not change as a result of any changes in the inspection strategy applied to the
welds within a segment. If one or more welds were inspected under the Section Xl program, but
no welds will be inspected under an RI-ISI program, the segment failure probability will increase.
If no welds were inspected under the Section Xl program, but one or more welds will be
inspected under the RI-ISI program, the segment failure probability will decrease. If one or more
welds within a segment are inspected in the augmented program, the selected weld failure
probability including credit for the augmented program is assigned to the segment For a
selected pipe segment where at least two separate inspections are being performed (one for the
primary failure mechanism which is addressed by an augmented program, and other
inspection(s) performed under the Section Xl program or the RI-ISI program, so that the
secondary mechanism is addressed), a factor of three improvement in the failure probability is
credited.

The staff finds the above process acceptable, but recognizes that this process underestimates
risk reductions arising from -,hanging inspection locations from a weld subject to no degradation
mechanism to another with an identified degradation mechanism. It also underestimates risk
increases arising from the reduction in the number of welds inspected within each segment.
The staff expects that the targeting of inspections to degradation mechanisms should yield
relatively large risk reductions, while the reduction in the number of inspections within a segment
will yield a larger number of smaller risk increases. However, as discussed in Section 3.2.3 of
this SER, the increase in risk resulting from a reduction in the number of inspections should be
minimal since WCAP-14572 methodology will characterize the failure probability of a segment
by combining the failure probabilities of the dominant degradation mechanisms in that section.

In determining whether the change in CDF and LERF associated with WCAP-14572
methodology is acceptable, the following factors were also considered; the statistical evaluation
used to develop an initial estimate of the number of welds to inspect, and the four criteria for
evaluation of results found in Section 4.4.2 of WCAP-14572. These are further discussed
below.

To ensure that a target leak rate is met with a stated level of confidence, the statistical
evaluation methodology proposed in WCAP-14572 uses the probability of a flaw, the conditional
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probability of a leak, and a target leak rate to determine the minimum number of welds to
inspect. In discussions with the staff, Westinghouse stated that, in controlling the frequency of
pipe leaks, the pipe break frequency (which drives the safety significance classification) is also
controlled. This is supported by the pilot WCAP RI-ISI application, which reported that the
conditional probability of a pipe break is sufficiently small when compared to the conditional leak
probability, and that the level of confidence that the target leak frequency is not exceeded is also
the confidence that the pipe break frequency is not exceeded. WCAP-14572 methodology thus
provides a systematic evaluation of the required number of inspections that is acceptable for the
RI-ISI program, and confidence that the failure likelihood of high safety significant piping
segments will not increase above those values used to support the finding.

WCAP-14572 provides guidelines for evaluating the change in plant and system-level risk
resulting from changes to the ISI program. The first guideline suggests the addition of
examinations until at least a risk neutral change is estimated. The second guideline suggests
that the risk-dominant pipe segments within systems which dominate the estimated risk (e.g.,
greater than 10% of the total) should be reevaluated to identify where additional examinations
may be needed so that the overall risk for these systems could be reduced. The third guideline
suggests that, for systems where risk increases are identified, additional examinations may be
necessary to minimize the risk increase (to less than two orders of magnitude below the RI-ISI
CDF/LERF for that system and less than a 10-' CDF increase or a 10' LERF increase). The
staff finds that these WCAP guideline are consistent with the guidance in RGs 1.174 and 1.178
which state that risk increases (if any) resulting from a proposed change should be small and
consistent with the intent of the Commission's Safety Goal Policy Statement.

In summary, the staff finds that, although the calculation of the change in risk (CDFILERF) will
not precisely estimate the magnitude of the change, the calculation can illustrate whether the
resulting change will be a risk increase or a risk decrease. Using sensitivity studies, the
quantitative results can be shown to be robust in terms of credit for operator actions and pipe
segment failure probability. By utilizing plant and system-level criteria as discussed above, the
risk from individual system failures will be kept small and dominant risk contributors will not be
created. When applied as part of an integrated decision-making process, the staff finds that the
analyses, results, and decision criteria associated with the determination of segment safety
significance and subsequent change in risk estimates provide reasonable assurance that the
change in the ISI program would result in a total plant risk neutrality, risk decrease, or a small
risk increase that will be consistent with staff guidelines found in RG 1.174. For full scope RI-ISI
programs, such as the one performed for Surry Unit 1, the staff anticipates the program to be
risk neutral or result in a risk reduction.

3.4 Integrated Decisionmaking

RG 1.178 and SRP Chapter 3.9.8 guidelines describe an integrated approach that should be
utilized to determine the acceptability of the proposed RI-ISI program by considering in concert
the traditional engineering analysis, risk evaluation, and the implementation and performance
monitoring of piping under the program.

In the WCAP-14572 approach to integrated decisionmaking, conventional fracture mechanics
analysis methods are combined with Monte-Carlo probabilistic simulations to determine failure
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probabilities for the pipe segments, as discussed in Supplement 1 to WCAP-14572; Revision 1.
These failure probabilities are used together with the results of consequence evaluations to
characterize the conditional risk associated with the failure of each segment, as discussed in
Section 3.6 of WCAP-14572. Specifically, section 3.6 explains how this information is integrated
with deterministic considerations and an expert panel evaluation to categorize pipe segments as
either LSS or HSS. Section 3.7 of WCAP-1 4572, Revision 1, explains how the results of this
risk-ranking process are used in selecting structural elements for examination.

An integral part of the RI-ISI process is the expert panel which makes a final determination of the
safety significance of each pipe segment. The expert panel is responsible for the review and
approval of all risk-informed selection results by utilizing their expertise and past experience in
inspection results, industry piping failure data, relevant stress analysis results, PRA insights, and
knowledge of ISI and nondestructive examination techniques. The RI-ISI expert panel should
include expertise in the following areas:

* PRA
* Plant Operations
* Plant Maintenance
* Plant Engineering
* ISI
* Nondestructive Examination
* Stress and Materials Engineering

Section 3.6.3 of WCAP-14572, Revision 1, provides details of the WOG expert panel process.
Item 8(c) of Re.. 8 provides further details on the role of the expert panel to evaluate the risk-
informed results and make a final decision by identifying HSS segments for ISI. Item 8(c)'of Ref.
8 also states that segments that have been determined to be HSS should not be classified lower
by the expert panel without sufficient justification that is documented as part of the program and
that the expert panel should be focussed primarily on adding piping segments to the higher
classification.

The expert panel evaluations are an established part of the Maintenance Rule implementation
and their use in risk-informed applications is well established. The staff finds that in the
categorization of pipe segments, the use of an expert panel (as documented in Section 3.6.3 of
WCAP-14572) to combine PRA and engineering information (as described in example Tables
3.6-9 and 3.6-12) is acceptable and necessary. In addition, guidance to be added to Section
3.6.3 of WCAP-14572 [tem 8(c), Ref. 8] will ensure consistent application of the expert panel
process. The staff finds the process acceptable since it meets the integrated decision-making
process guidelines discussed in RG 1.174 and SRP Chapter 1.178, in that engineering and risk
insights (both qualitative and quantitative) are taken into consideration in identification of safety
significant piping segments. The staffs approval is conditioned upon Westinghouse making the
change to WCAP-14572 described above.
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3.4.1 Selection of Examination Locations

At its July 1997 briefing, CRGR requested that the staff should have a peer review performed to
assess the use of Perdue-Abramson statistical model to determine the number of elements to be
inspected within a piping segment. The contractor performing the peer review in this area (Los
Alamos National Laboratory(LANL)) concluded (Ref. 16) that the Perdue-Abramson method is a
statistically sound method for use in determining the number of welds to be inspected in an RI-
ISI program in order to ensure that a specified target leak frequency is not exceeded at the pre-
specified confidence level of 95%. LANL further stated that although other sampling schemes
could be used (such as classical andlor Bayesian double or sequential sampling schemes), the
Perdue-Abramson model is capable of providing the desired confidence or assurance.

Section 3.6.1 of WCAP-14572 addresses evaluation of the classification of piping segments,
using sensitivity studies to demonstrate whether changes in assumptions or data can affect
these classifications. Piping systems at Millstone Unit 3 and Surry Unit I were considered in
these studies. Operational insights are addressed in Section 3.6.2 of WCAP-14572, which
indicates that information obtained from plant operation and maintenance experience is used to
identify piping segments having a history of design or operating issues. Section 3.6.3 states that
an expert panel reviews and approves the final classification of piping segments on the basis of
their expertise and insights as discussed in Section 3A. A discussion of the risk ranking process
is provided in Sections 3.6.4 and 3.6.5 of WCAP-14572.

Sections 3.7.1 and 3.7.2 of WCAP-14572 address the criteria used to determine the number of
sCructural elements selected for examination, consistent with the safety significance and failure
potential of the given pipe segment. The RI-ISI program includes examinations of HSS
elements contained in Regions I and 2 of the element selection matrix (Figure 3.7-1 of WCAP-
14572). By the WCAP-14572 selection process, 100% of the susceptible locations (Region 1A)
are examined. Elements in Regions I B and 2 are generally subject to a statistical evaluation
process such as the Perdue Model.

The Perdue Model is intended to be used on highly reliable piping to establish a statistically
relevant sample size and verify the condition of the piping. In cases where an active
degradation mechanism exists, particularly where there is an ongoing augmented program, it is
inappropriate to use the Perdue Model for element selection. In these cases, the expert panel
must apply other rationales for selecting the number of elements to examine. At Surry, the
licensee selected certain elements to address a secondary degradation mechanism and reduce
the delta risk compared to current Section Xl SI. In other cases, elements were selected to
address defense in depth considerations. As discussed in the public meeting on September 22,
1998 [page 274, Ref. 8], Westinghouse indicated that additional guidance would be added in
Section 3.7 of WCAP-14572 to address sample size selection in cases where the Perdue Model
could not be applied to state that Oadditional rationale must be developed when a statistical
model cannot be applied to determine the minimum number of examination locations for a given
segment"

The staff finds the methodology to determine the number of elements selected for examination
to be acceptable since, all HSS segments with known degradation mechanisms will be subject
to 100% examination, HSS segments with no known degradation mechanism will be sampled for
examination on a sound statistical basis to ensure that a specified target leak frequency is not
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exceeded at the pre-specified confidence level of 95%, LSS segments with known degradation
mechanisms will be subject to examination in accordance with the licensees defined program,
and the final scope of examination will result in a change in risk consistent with RG 1.174
guidelines. The staffs approval is conditioned upon Westinghouse making the change to
WCAP-14572 described above [page 274, Ref. 8].

3.4.2 Examination Methods

Licensees who wish to apply the WCAP-14572 methodology to an RI-ISI program must conform
to the guidelines in RG 1.178 for examination and pressure test requirements. Examination
methods and personnel qualification must be in accordance with the ASME Section Xl Code
Edition and Addenda endorsed by the NRC through 10 CFR 50.55a. For inspections outside the
scope of Section Xl (e.g., EC, IGSCC) the acceptance criteria should meet existing regulatory
guidance applicable to those programs.

The objective of ISI and ASME Section Xl are to identify conditions (i.e., flaw indications) that
are precursors to leaks and ruptures in the pressure boundary that may impact plant safety.
Therefore, the RI-ISI program must meet this objective to be found acceptable for use. Further,
since the risk-informed programs is predicated on inspection for cause, element selection should
target specific degradation mechanisms.

WCAP-14572, Revision 1, specifies that inservice examinations and system pressure tests are
to be performed in accordance with Section 4 of WCAP-14572 which should meet the
requirements contained in Section Xl of the ASME BPVC Code Edition and Addenda specified
in the Owner's current ISI program except where specific references are provided that add
supplemental requirements, specify other Code editions and addenda, or recommend/require
the use of ASME Code Cases. The examination methods for HSS piping structural elements,
specified in Table 4.1-1 of WCAP-14572 are taken directly from Code Case N-577, Table 1. As
an alternative to Table 4.1-1, additional guidance for the selection of examination methods is
provided in Table 4.1-2 of WCAP-14572, which contains suggested examination or monitoring
methods consistent with the configuration of the structural element and the postulated failure
mode. This guidance is subject to approval by the Authorized Nuclear Inservice Inspector (ANII)
under the requirements of Paragraph IWA-2240 of ASME Section Xl. Consistent with RG 1.178
guidelines, all ASME Class 1, 2, and 3 piping systems must continue to receive a visual
examination for leakage in accordance with the applicable pressure test requirements of ASME
Section Xl as endorsed by 1 0 CFR 50.55a.

3.5 Implementation and Monitoring

The objective of this element of RGs 1.174 and 1.178 is to assess performance of the affected
piping systems under the proposed RI-ISI program by implementing monitoring strategies that
confirm the assumptions and analysis used in developing the RI-ISI program. To satisfy 10 CFR
50.55a(a)(3)(i), implementation of the RI-ISI program (including inspection scope, examination
methods, and methods of evaluation of examination results) must provide an adequate level of
quality and safety. The plant-specific application process is covered in Section 5 of
WCAP-14572, which provides the framework for applying the risk-informed methods to a
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specific plant for the SI1 of piping.

Considering that the implementation of the proposed RI-ISI program will greatly reduce the
number of examinations, limited examinations could have a significant impact on the detection of
inservice degradation. In cases where examination methods are not practical or appropriate,
RG 1.178 states that alternative inspection intervals, scope and methods should be developed
to ensure that piping degradation is detected and structural integrity is maintained. To address'
this aspect, a stepped approach to limited examinations will be incorporated into WCAP-14572
that may include the examination of adjacent elements and more frequent pressure testing and
visual examination for leakage. However, it should be noted that, in accordance with the
regulations, limited examinations must be documented and submitted to the staff as relief
requests for review and approval.

The qualification of NDE personnel, processes and equipment must comply with Section Xl of
the ASME Code to meet the requirements of 10 CFR 50.55a. In general, this means procedures
must be qualified in accordance with ASME Section Xl, Appendix Vi1I, or in the spirit of Appendix
VIII, for techniques. As discussed in response G-19 in the NEI submittal dated March 13,1997
(Ref. 17), Westinghouse stated that the reference plant 'would qualify methods, procedures,
personnel, and equipment to a level commensurate with the intent of an Appendix VIII
performance demonstration."

Section 4 of WCAP-14572, 'Inspection Program Requirements,' notes that the use of a number
of Code Cases is recommended (i.e., N-416-1, N-498-1, N-532). Staff acceptance of the WOG
approach does not automatically imply acceptance of the referenced Code Cases. Ucensees
proposing to use the WOG approach must submit separate proposed alternatives to use these
or other unapproved Code Cases.

Implementation of a RI-ISI program for piping should be initiated at the start of a plant's next [SI
interval, consistent with the requirements of the ASME Code Section XI Edition and Addenda
committed to by an Owner in accordance with 10 CFR 50.55a, or any delays granted by the
NRC staff. In addition to other changes in Section 4.5 of WCAP-14572, Westinghouse stated in
the public meeting on September 22, 1998 [item 20, Ref. 8], that the following sentence will be
added in the next revision of WCAP-14572:

'Documentation of program updates shall be kept and maintained by the Owner on site for
audit. Changes arising from the program updates should be evaluated using the change
mechanisms descnbed in existing applicable regulations (e.g., 10 CFR 50.55a and Appendix
B to 10 CFR Part 50) to determine if the change to the RI-ISI program should be reported to
the NRC.'

The staff finds the periodic reporting requirements to be acceptable since they meet the existing
applicable regulations. The stafs approval is conditioned upon Westinghouse making the
change to WCAP-14572 described above.

WCAP-14572, Revision 1 states that periodic updates of RI-ISI programs will be performed at
least on a period basis to coincide with the inspection program requirements contained in ASME
Section Xl under Inspection Program B. The staff finds these updates acceptable because they
meet ASME Section Xl which requires updates following the completion of all scheduled
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examinations in each inspection interval. WCAP-14572 also states that RI-ISI programs will be
evaluated for changes in safety-significance and inspection requirements due to plant design
feature changes, plant procedure changes, equipment performance changes, and examination
results including flaws or indications of leaks. This-process for RI-ISI program updates meets
the guidelines of RG 1.174 that risk-informed applications must include performance monitoring
and feedback provisions and hence is acceptable to the staff.

3.6 Conformance to Regulatory Guide 1.174

RG 1.174 describes an acceptable method for assessing the nature and impact of licensing
basis changes by a licensee when the licensee chooses to support these changes with risk
information. This Reg Guide identifies a four-element approach for evaluating such changes,
and these four elements are aimed at addressing the five principles of risk-informed regulation.
Section 1.4 of WCAP-14572 Revision 1 summarizes how the proposed WOG RI-ISI process
conforms to the RG 1.174 approach. The staff finds that WCAP-14572 approach is consistent
with RG 1.174 as discussed below.

In Element 1 of the RG 1.174 approach, the licensee is to define the proposed change. Section
1.1 of WCAP-14572 discusses current regulatory requirements for the ISI program and the
changes in regulatory compliance using the RI-ISI approach. The scope of the changes is also
discussed, and this scope includes the addition of non-ASME code piping that has been
identified as high safety significant. The staff finds that the discussion in Section 1.1 of
WCAP-14572 to be consistent with the guidance provided in Section 2.1 of RG 1.174.

Element 2 is the performance of the engineering analysis. In this element, the licensee is to
consider the appropriateness of qualitative and quantitative analyses, as well as analyses using
traditional engineering approaches and those techniques associated with the use of PRA
findings. Regardless of the analysis method chosen, the licensee must show that the principles
set forth in Section 2 of RG 1.174 have been met. The staff finds that the evaluation process as
described in Section 3 of WCAP-14572 meets the requirements of this Element WCAP Section
3 describes the probabilistic and deterministic engineering analyses to be performed and
integrated through the use of a plant expert panel to define the high and low safety significant
piping segments. The results of these analyses are used to select the inspection locations and
inspection methods, and a statistical model is used to determine the number of locations to be
inspected to meet confidence and reliability goals.

Element 3 is the definition of the implementation and monitoring program. The primary goal of
this element is to ensure that no adverse safety degradation occurs because of changes to the
ISI program, and the staff finds that the guidance provided in WCAP Section 4.5 is adequate to
meet this goal. Section 4.5 of WCAP-14572 discusses how the implementation of the RI-ISI
program is consistent with the requirements of ASME Code Section Xl. In addition, the
monitoring, feedback and corrective action program discussed is consistent with guidelines
provided in Section 2.3 of RG 1.174.

Element 4 is the submittal of the proposed change. WCAP-14572 states that each licensee wil
submit their proposed change at the time they perform a RIl-SI program.
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RG 1.174 states that, in implementing risk-informed decision-making, plant changes-are
expected to meet a set of key principles. The paragraphs below summarize these principles,
and staff findings with regard to the conformance of WCAP-14572 methodology with these
principles.

Principle I states that the proposed change must meet current regulations unless it is explicitly
related to a requested exemption or rule change. The proposed RI-ISI change is an alternative
to the ASME Section Xl Code as referenced by 10 CFR 50.55a(a)(3) for piping ISI requirements
with regard to the number of inspections, locations of inspections, and methods of inspections.

Principle 2 states that the proposed change must be consistent with the defense-in-depth
philosophy. ISI is an integral part of defense-in-depth. It is expected that as part of the RI-ISI
process, the safety significance categorization, the expert panel review and approval, and the
subsequent number and location of elements to inspect will maintain the basic intent of ISI (i.e.,
identifying and repairing flaws before pipe integrity is challenged). Therefore, although a
-reduction in the number of welds inspected is anticipated, it is expected that there will be
reasonable assurance that the program will provide a substantive ongoing assessment of piping
condition.

Principle 3 states that the proposed change shall maintain sufficient safety margins. No
changes to the evaluation of design basis accidents in the final safety analysis report (FSAR)
are being made by the RI-ISI process. In addition, Section 3.7 of WCAP-14572 describes the
use of a statistical model to assure that safety margins (in terms of pipe failure probability) are
maintained. This statistical model is based on the evaluation of potential flaws and leakage
rates that are precursors to piping failure.

Principle 4 states that, when proposed changes result in an increase in core damage frequency
or risk, the increases should be small and consistent with the intent of the Commission's Safety
Goal Policy Statement Sections 1 A, 3.6, 3.7, and 4.4 of WCAP-14572 provide arguments that
a RI-ISI program is, as a minimum, a risk-neutral application and should result in a risk
reduction. Staff findings with regard to principle 4 are found in Section 3.3.3 of this SER.

Principle 5 states that the impact of the proposed change should be monitored using
performance measurement strategies. WCAP-14572 conformance to this principle is already
discussed in the paragraph on Element 3 above.

4.0 CONCLUSIONS

10 CFR 50.55a(a)(3) states that alternatives to the requirements of paragraph (g) may be used,
when authorized by the NRC, if (i) the proposed alternatives would provide an acceptable level
of quality and safety or (ii) compliance with the specified requirements would result in hardship
or unusual difficulty without a compensating increase in the level of quality and safety. The staff
concludes that the proposed RI-ISI program as described in WCAP-14572, Revision 1,
conditioned upon the changes to be incorporated as discussed in Ref. 8, will provide an
acceptable level of quality and safety pursuant to 10 CFR 50.55a for the proposed alternative to
the piping ISI requirements with regard to the number of inspections, locations of inspections,
and methods of inspections. This conclusion is founded on the findings discussed in the
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remainder of this section.

The methodology conforms to the guidance provided in RGs 1.174 and 1.178, in that applying
the methodology results in risk-neutrality or risk-reduction for the piping addressed in the RI-ISI
program. According to this methodology, the licensees will identify those aspects of the plants'
licensing bases that may be affected by the proposed change, including rules and regulations,
FSAR, technical specifications, and licensing conditions. In addition, the licensees will identify
all changes to commitments that may be affected as well as the particular piping systems,
segments, and welds that are affected by the change in the ISI program. Specific revisions to
inspection scope, schedules, locations, and techniques will also be identified, as will plant
systems and functions that rely on the affected piping. The WOG procedure to subdivide piping
systems into segments is founded on portions of piping having the same consequences of
failure to be placed into the same piping segments. In addition, consideration is given to
identifying distinct segment boundaries at branching points, locations of pipe size changes,
isolation valve, and MOV and air-operated valves (AOV) locations.

Each segment's potential for failure is appropriately represented as failure on demand,
unavailability, or frequency of failure. The relative potential for failure is consistent with
systematic consideration of degradation mechanisms, segment and weld material
characteristics, and environmental and operating stresses. The assessment of component
failure potential attributable to aging and degradation takes into account uncertainties.
Computer codes used to generate quantitative failure estimates have been verified and
validated against established industry codes. Supplement 1 to WCAP-14572, Revision 1,
describes the models, software, and validation of the SRRA computer code. The SRRA model
is used to estimate the probability of piping failures. Peer reviews of the SRRA code have been
performed on several occasions. The author of the code has published several papers for
presentation at technical conferences, with technical peer reviews being part of the publication
process. Earlier versions of the code have been used by Westinghouse in past research
projects which have also been reviewed by the staff. In addition, the methodology of the code
parallels approaches used in other generally accepted probabilistic structural mechanics codes,
such as pc-PRAISE. Technical reviews of the SRRA code were performed during the Surry Unit
1 pilot plant study by the staff, its contractors, and the ASME Research Task Force on Risk-
Based Inservice Inspection. These efforts provided a detailed review of the Westinghouse
SRRA code, and comments from this effort resulted in several improvements to the SRRA code,
as reflected in WCAP-14572, Revision 1, Supplement 1. The recent reviews were based on (1)
documentation of the code, (2) detailed descriptions of example calculations, (3) trial
calculations performed with the SRRA code by peer reviewers, and (4) benchmark calculations
to compare failure probabilities predicted by the SRRA code and the pc-PRAISE code.

The stress corrosion cracking model of the SRRA code has a relatively simple technical basis,
which does not attempt to model the complex failure mechanism in a detailed mechanistic
manner. The calculations are based on a number of significant assumptions as discussed in
Section A4.3 of this SER. In particular, the code documentation given in WCAP-14572,
Revision 1, Supplement 1, acknowledges the limitations of the model, and recommends the use
of the pc-PRAISE computer code if predictions from a more refined mechanistic model are
needed. The probabilistic fracture mechanics calculations for IGSCC have not been
benchmarked for consistency with plant-specific and industry operating experience. In this
regard, the Surry Unit 1 evaluations do not provide a particularly good basis to evaluate the
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SRRA stress corrosion cracking model, because IGSCC makes only a small contribUtion to
piping failures for PWR plants. The staff therefore requires that the IGSCC model be further
evaluated on future applications to BWR plants, because IGSCC is a major factor governing
piping integrity at BWRs.

The staff noted several limitations, e.g., IGSCC modeling, lack of benchmarking of E-C model
compared to existing E-C programs, lack of modeling of complex geometries, etc. in the SRRA
code. These limitations in the SRRA code result in a need for judicious use of the code and
careful attention by the expert panel to ensure that the results of the code seem appropriate. It
should be noted that the use of SRRA, or other probabilistic fracture mechanics codes, to
estimate relative failure frequencies of piping systems and components is appropriate, but that
the ability of such codes to estimate failure frequencies is limited by the quality of the input data
and modeling limitations inherent in the code itself. Providing bounding or conservative inputs to
the model or relying on the conservative nature of certain aspects of the code can potentially
lead to inappropriate conclusions regarding the relative susceptibility to failure of various piping
segments and components. Therefore, R is extremely important that these limitations be
recognized by the user of the code and by the licensees' expert panel and that the results of the
analyses are carefully scrutinized to assure that they make sense when compared to
engineering knowledge of degradation mechanisms and plant specific and generic operating
experience. Further details of the limitations and staff recommendations on the use of the SRRA
code are provided in Section A.25 of this SER.

The impact on risk attributable to piping pressure boundary failure considers both direct and
indirect effects. Consideration of direct effects includes failures that cause initiating events or
disable single or multiple components, trains or systems, or a combination of these effects. The
methodology also considers indirect effects of pressure boundary failures affecting other
systems, components andlor piping segments, also referred to as spatial effects such as pipe
whip, jet impingement, flooding or failure of fire protection systems.

The results of the different elements of the engineering analysis are considered in an integrated
decision-making process. The impact of the proposed change in the ISI program is founded on
the adequacy of the engineering analysis, acceptable change in plant risk, and the adequacy of
the proposed implementation and performance monitoring plan, in accordance with RG 1.174
guidelines.

WOG methodology also considers implementation and performance-monitoring strategies.
Inspection strategies ensure that failure mechanisms of concern have been addressed and
there is adequate assurance of detecting damage before structural integrity is impacted. Safety
significance of piping segments is taken into account in defining the inspection scope for the RI-
ISI program.

System pressure tests and visual examination of piping structural elements will continue to be
performed on all Class 1, 2, and 3 systems in accordance with the ASME BPVC Section Xl
program, regardless of whether the segments contain locations that have been classified as
HSS or LSS. The RI-ISI program applies the same performance measurement strategies as
existing ASME requirements and, in addition, broadens the inspection volumes at weld
locations.
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WCAP-14572, Revision 1, has provided the methodology to conduct an engineering'analysis of
the proposed changes using a combination of engineering analysis with supporting insights from
a PRA. Defense-in-depth and quality is not degraded in that the methodology provides
reasonable confidence that any reduction in existing inspections will not lead to degraded piping
performance when compared to existing performance levels. Inspections are focused at
locations with active degradation mechanisms as well as selected locations that monitor the
performance of the front-line primary system piping (the second barrier of fission product
release).

Safety margins used in design calculations are not changed. Piping material integrity is
monitored to ensure that aging and environmental influences do not significantly degrade the
piping to unacceptable levels.

Augmented examination program for degradation mechanisms such as IGSCC and EC would
remain unaffected by the RI-ISI program and WCAP-14572 should not be taken as a basis to
change the augmented inspection program.

Although the staff finds that the general guidance provided in WCAP-14572 Revision 1 (and as
amended by Ref. 8) to be acceptable, application of this guidance will be plant-specific. As
such, individual applications in RI-ISI must address the various plant-specific issues. These
include:

o The quality, scope and level of detail of the PRA used, as described in RG 1.174 and 1.178
(see Section 3.3 and 3.3.1 of this SER).

o The guidelines and assumptions used for the determination of direct and indirect effects of
flooding, including assumptions on the failure of components affected by the pipe break (see
Sections 3.2.4 and 3.3.1 of this SER)

o The criteria, and the justification for the criteria used for the categorization of piping
segments, including sensitivity studies to model human actions and segment failure
probability (see Section 3.3.2 of this SER).

In the public meeting on October 8, 1998 (Ref. 18), the staff and the industry discussed the
information to be submitted to the NRC and the list of retrievable onsite documentation for
potential NRC audits of licensees that seek to utilize the WOG methodology for their RI-ISI
program. The staff's expectation is that contents of submittals to NRC listed below will consist of
brief statements and results of program development with details available as retrievable onsite
documentation for potential NRC audits:

* Submittal Contents

(1) justification for statement that PRA is of sufficient quality
(2) summary of risk impact
(3) current Inspection Code
(4) impact on previous relief requests
(5) revised FSAR pages impacted by the change, if any
(6) process followed (WCAP, Code Case, and exceptions to methodology, if any)
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(7) summary of results of each step (e.g., number of segments, number of HSS and LSS
segments, number of locations to be inspected, etc.)

(8) a statement that RG principles are met (or any exceptions)
(9) summary of changes from current ISI program
(10) summary of any augmented inspections that would be impacted

* Retrievable Onsite Documentation for Potential NRC Audit

(1) scope definition
(2) segment definition
(3) failure probability assessment
(4) consequence evaluation
(5) PRA model runs for the RI-ISI program
(6) risk evaluation
(7) structural elementlNDE selection
(8) change in risk calculation
(9) PRA quality review
(10) continual assessment forms as program changes in response to inspection results
(11) documentation required by ASME Code (including inspection personnel qualification,

inspection results, and flaw evaluations)
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APPENDIX A

Review of WCAP-14572, Revision 1, Supplement 1, "Westinghouse Structural Reliability
and Risk Assessment Model for Piping Risk-informed Inservice Inspection"
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A.1 INTRODUCTION

Supplement I to WCAP-14572, Revision 1, describes the models, software and validation of the
SRRA computer code. The SRRA model is used to estimate the probabilities of piping failures,
which are input to the PRA in support of the WOG RI-ISI program for piping.

A.2 Background

RG 1.178 provides an option for licensees to quantitatively estimate the reliability of individual
pipe segments within the scope of the RI-ISI program. These estimates are to be consistent
with industry databases on piping failure rates and relevant to plant-specific operating
experiences. Detailed knowledge of piping design parameters, materials degradation
mechanisms, plant operating conditions, and the likelihood of fabrication and service-induced
flaws are elements of a quantitative analysis that need consideration. The use of probabilistic
structural mechanics computer codes is an acceptable approach to estimate structural failure
probabilities on the basis of such detailed knowledge.

The SRRA computer software was developed by the Westinghouse Electric Company over the
last decade and has been enhanced to support the development of risk-informed inservice
inspection programs of piping. This software was applied in plant applications of the RI-ISI
program development for the Millstone Unit 3 and Surry Unit 1 nuclear power plants. The NRC
staff and contractor personnel were briefed at public meetings during the course of these pilot
applications. During these studies and methods development activities, the SRRA code was
enhanced as issues were identified and resolved.

The current review was performed recognizing that probabilistic structural mechanics codes,
including the SRRA code, are limited in their ability to predict absolute values of failure
probabilities with a high degree of accuracy. The models themselves, along with the various
inputs needed to apply these models, are subject to many uncertainties. In addressing the value
of a given computer code to calculate failure probabilities the following considerations were
taken to be important:

* While it is expected that advances in the technology will someday reduce the levels of
uncertainty in calculated failure probabilities, the ability of the models to estimate relative
failure probabilities is considered to be more important than their ability to predict absolute
values. In this regard, RI-ISI is largely governed by relative values if risk both for the ranking
and selection of components to be inspected and for the evaluation of risk increases or
decreases associated with changes in the inspection programs.

* Relative values of failure probabilities are not used directly in the RI-ISI process. However, it
is the relative values of failure probabilities along with relative values of failure consequences
that are important to the final results of the risk-informed evaluations.

* It is important to the RI-ISI process to calculate absolute values of failure probabilities as
accurately as possible, because an increased levels accuracy and consistency in the
calculations will contribute to a corresponding enhancement in the accuracy of the relative
values of failure probabilities.
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* The calculation of failure probabilities with codes such as SRRA should not be performed in
isolation of other independent methods of estimating failure probabilities, such as data bases
and plant operating experience. Results of calculations should always be evaluated for
reasonableness and consistency, and the assumptions and inputs to the calculations should
be refined as appropriate.

A.3 Overview of Assessment

Over the past 3 years, as ASME-Research and WOG developed methods to perform RI-ISI of
piping, the staff held public meetings with both groups to develop guidelines for acceptable uses
of probabilistic fracture mechanics computer codes. In addition, with the assistance of Pacific
Northwest National Laboratory (PNNL), the staff performed independent audit calculations to
validate the results of the SRRA computer code.

The following discussion addresses the strengths and limitations of the Westinghouse SRRA
computer code. Given the broad scope of piping designs and operating conditions, it was not
expected that any one computer code could address all of the failure mechanisms and piping
designs encountered in a nuclear power plant. Therefore, a key part of this review focused on
the documentation for the Westinghouse code and how well it achieved the following objectives:

(1) Inform the code user about code limitations.
(2) Provide technically sound guidance on alternative approaches to estimate piping failure

probabilities.

Important elements of this evaluation include the equations and assumptions (inputs) used in the
piping reliability models, as well the validation of the estimated failure probabilities. In some
cases, It is appropriate to place certain detailed inputs outside the direct control of the user
(incorporating inputs into the model itself). In other cases, specific recommendations can be
provided in the user document with example problems. Where possible, input values were
standardized for specific applications. Many of these inputs were the subject of significant
discussions during periodic public meetings on the Surry Unit 1 pilot applications, and are
addressed in this review.

A.4 REVIEW OF SPECIFIC ISSUES

This section addresses specific aspects of the probabilistic structural mechanics model from the
standpoint of the consistency and reasonableness of the estimated failure probabilities.

A.4.1 Failure Mechanisms

As described in the following sections, the Westinghouse SRRA code addresses with various
levels of detailed modeling the degradation mechanisms of (1) fatigue, (2) stress corrosion
cracking, and (3) flow-assisted corrosion/wastage or wall thinning. The present review
concludes that acceptable technical approaches are used for each of these mechanisms.
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A.4.2 Fatigue

The fatigue model assumes that all failures by this mechanism result from preexisting flaws.
Inputs to the model are sufficiently flexible to address low cycle fatigue attributable to normal
plant transients, high cycle fatigue from thermal fatigue (resulting, for example, from stratification
of fluids), and high cycle vibrational fatigue.

Calculations are based on a relatively detailed mechanistic model which relates fatigue crack
growth to the amplitude and frequency of the cyclic stresses. The Westinghouse/SRRA model
for fatigue is very similar to that used in the NRC developed pc-PRAISE code, and numerical
results of the SRRA code have been successfully benchmarked (as described later) against
results from the pc-PRAISE code.

In common with the pc-PRAISE code, Supplement I to WCAP-14572 does not address fatigue
crack initiation except in an indirect manner by conservatively assuming that initiated cracks are
present at the beginning of plant operation. The limitations of this approach to fatigue crack
initiation are addressed below.

In common with the pc-PRAISE code, fatigue cracks are all conservatively assumed to be
located at the pipe inner surface. Crack growth in both the depth direction (through-wall
direction) and in the length direction are simulated in a manner essentially the same as that
used in the pc-PRAISE code.

The SRRA code permits the simulation of uncertainties in the levels of low and high fatigue
stress cycles, which treats the amplitude of fatigue stress as a deterministic parameter.

The staff concludes that the SRRA code addresses fatigue crack growth in an acceptable
manner since it is consistent with the technical approach used by other state-of-the-art codes for
probabilistic fracture mechanics. It should be noted, however, that realistic predictions of failure
probabilities require that the user define input parameters, which accurately represent all
sources of fatigue stress and the probabilities for preexisting fabrication cracks in welds. The
major limitation of the model is its inability to realistically simulate the initiation of fatigue cracks,
which experience has shown to be the primary contributor to fatigue failures at operating plants.

A.4.3 Stress Corrosion Cracking

The stress corrosion cracking model of the SRRA code has a relatively simple technical basis,
which does not attempt to model the complex failure mechanism in a detailed mechanistic
manner. The calculations are based on a number of significant assumptions as follows:

* All piping failures by this mechanism result from preexisting fabrication flaws, although
service experience with stress corrosion cracking indicates that such failures are dominated
by cracks in welds that initiate during plant operation.

* The effects of crack initiation can conservatively be estimated by assuming one flaw per weld
at the start of plant operation, with the flaw size distribution being the same as that for
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welding-related fabrication flaws. Although calculations based on this assumption can
provide relative probabilities of failure for different pipe segments, it is important for the expert
panel to review the predicted failure probabilities to ensure a selection of input parameters
that provides predictions, which are reasonable and consistent with plant operating
experience.

* There is sufficient knowledge on the part of the plant technical staff and the expert panel (in'
combination with plant operating history with the occurrence of IGSCC) of the plant-specific
environmental factors (water chemistry, temperature, etc.), levels of weld sensitization, and
residual stress levels to identify pipe segments that have a high, medium or low potential for
failure by stress corrosion cracking.

* The probability of through-wall cracks for the high failure potential case can be calculated
using a bounding crack growth rate curve developed in 1988 (NUREG-0313), this curve
relates crack growth rates to crack tip stress intensity factors.

* IGSCC related crack growth rates of moderate and none are assigned in the SRRA code to
be a factor of 0.5 and 0.0 less than the bounding rate, with engineering judgement used to
assign crack growth rates to these broad categories.' Altematively, the SRRA user can
directly assign a numerical factor to be applied to the bounding crack growth rates.

In summary, the stress corrosion cracking model of the SRRA code provides a systematic basis
to translate inputs into estimated failure probabilities on the basis of engineering judgement and
operating experience. The model combines the inputs for stress corrosion cracking with other
factors such as pipe dimensions and applied loads to predict pipe failure probabilities. While
some of the modeling assumptions appear to be quite conservative, the calculations for the
Surry Unit I plant appear to predict reasonable trends.

In particular, the code documentation given in WCAP-14572, Revision 1, Supplement 1,
acknowledges the limitations of the model, and recommends the use of the pc-PRAISE
computer code if predictions from a more refined mechanistic model are needed. The
probabilistic fracture mechanics calculations for IGSCC have not been benchmarked for
consistency with plant-specific and industry operating experience. In this regard, the Surry Unit
1 evaluations do not provide a particularly good basis to evaluate the SRRA stress corrosion
cracking model, because IGSCC makes only a small contribution to piping failures for PWR
plants. The staff therefore requires that the IGSCC model be further evaluated on future
applications to BWR plants, because IGSCC is a major factor governing piping integrity at
BWRs.

A.4.4 Flow Assisted Corrosion/Wastage

The wastage model of the SRRA code has a relatively simple technical basis and does not
attempt to model the complex wall thinning processes in a detailed mechanistic manner.
Deterministic models, such as the CHECKWORKS code developed by the Electric Power
Research Institute (EPRI) are available to relate wall thinning rates to basic parameters such as
flow velocity, chemical composition of the pipe material, fluid temperature, single-phase water
versus two-phase steam/water mixture, and pH level of the fluid. However, probabilistic forms of

FILESERWCAP.FNL A-$

o:\4393\VersionA\4393-S3.doclb-020299



such deterministic models have not yet been developed.

While a close reading of the code documentation as given in WCAP-14572, Revision 1,
Supplement 1, provides information on assumptions made in the SRRA wall thinning model,
many users could have difficulty relating inputs to the model to the type of information available
to plant technical staff. In addition, users may not have sufficient insight into the assumptions
behind the wall thinning model to perform calculations in a correct and consistent manner.
However, the calculations for Surry Unit I had sufficient participation by the Westinghouse staff
to ensure that calculations for the Surry Unit I study yielded reasonable results.

Supplement I to WCAP-14572, Revision 1, provides information on assumptions made in the
SRRA wall thinning model. Before issuing of this SER, the staff expressed a concern that many
users could have difficulty relating inputs to the model with the type of information available to
plant technical staff. In addition, users may not have sufficient insight into the assumptions
behind the wall thinning model to perform calculations in a correct and consistent manner.
Consequently, the staff indicated that WCAP-14572 should provide guidance for plant personnel
executing the SRRA code for flow-assisted corrosion (FAC) that provides reasonable assurance
that the results calculated for FAC failure probabilities are appropriate. In the public meeting on
September 22, 1998 [item 7 (b), Ref. 8], Westinghouse stated that the next Revision of WCAP-
14572 will provide guidance for material wastage potential. The staff concludes that the
guidance for estimating the material wastage potential is acceptable since, if material wastage
rates are high enough to proceed through the pipe wall, the probabilities of small leak, large leak
and break are all calculated to be the same. The staffs approval is conditioned upon
Westinghouse making the change to WCAP-14572 described above.

The wall thinning model in the SRRA code is based on the following assumptions:

* The user of the code is able to estimate the rate of wall thinning (e.g., inches of wall thickness
reduction per year) and express this rate in terms of a "best estimate" value and a distribution
function (e.g., log-normal distribution) that describes the variability or uncertainty associated
with the best estimate.

* Wall thinning can be treated in a simplified manner by assuming that the maximum local rate
of thinning occurs uniformly over a substantial length of straight pipe; this is a conservative
assumption which does not account for variations (reduced rates of thinning) in the axial or
circumferential directions as is case for the important case of local wall thinning at elbow
locations.

* Consistent with the previous assumption, all failures of piping resulting from wall thinning will
result in pipe breaks rather than leakages; pipe failures will occur when the simulated level of
pressure-induced hoop stress becomes equal to the simulated values of the flow stress of the
piping material.

Data from industry experience, along with structural mechanics considerations of localized
thinning, provide evidence that leak-before-break events are more likely than sudden pipe
breaks. The assumption that leak-before-break does not apply, as used in the SRRA code, is a
conservative assumption.
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The input parameter for the wall thinning rate is expressed in a simplified manner in the SRRA
code with a parameter of 1.0 being assigned whenever the user believes that the thinning rate is
high. The code assigns a 'best estimate thinning rate of 0.0095 inch per year for this rate
parameter along with a variability described by a log-normal distribution which implies that the
natural logarithm of the thinning rate has a standard deviation of 0.893 (which corresponds to a
value of 2.3714 for the so called deviation or factor" used as input to the SRRA code). For a
rate parameter other than 1.0, the best estimate of the thinning rate is assigned to be
proportional to the selected value of the parameter.

The staff concludes that plant technical personnel have sufficient knowledge and field
measurements of wall thinning rates to develop reasonable inputs to the SRRA code for
estimating failure probabilities for FAC degradation mechanisms. Such information is generally
available as a result of the ongoing programs for flow-assisted corrosion which are required at all
plants. The approach uses data and/or engineering judgement to estimate a wall thinning rate.
The probabilistic structural mechanics model then calculates failure probabilities based on the
estimated thinning rates, in combination with other governing parameters such as the pipe
dimensions, applied stresses, and material strengths.

Calculations with the model must be closely coordinated with the existing plant programs for the
management of wall thinning, because the model requires inputs that can be obtained only from
the knowledge gained from ongoing monitoring and evaluations of wall thinning rates.
Furthermore, application of the probabilistic model of the SRRA code should not be used to
make changes in existing programs for the inspection and monitoring of piping for wall thinning.

A.4.5 Failure Modes (Leaks and Breaks)

The staff finds the code's failure modes capabilities acceptable for RI-ISI application since the
SRRA code was modified during the Surry Unit 1 pilot application to address the failure mode of
large system-disabling leaks in addition to the failure modes of small leaks (through-wall cracks)
and pipe breaks. The disabling leak rate for each system is assigned to be consistent with
existing evaluation of plant operational and safety evaluations. The modified program can
address the various modes of pipe'failure corresponding to consequences identified in plant
PRAs and safety analysis reports.

A.X Component Geometries

The SRRA code was developed to address the simple geometry of a circumferential flaw in a
girth welded pipe joint. In this regard, the SRRA code has a capability similar to that of other
state-of-the-art probabilistic fracture mechanics codes such as pc-PRAISE.

Application of SRRA to other more complex component geometries (e.g., elbow and tee pipe
fittings) requires conservative assumptions founded on treating the maximum local stresses as
uniform through the pipe wall, with no credit taken for the mitigating effects of stress gradients.
Calculations by Khaleel and Simonen (1997) have shown that this assumption can result in
failure probabilities being overestimated by an order of magnitude or more.
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With proper attention to stress inputs and the interpretation of calculated results, the7SRRA code
can be used effectively to estimate failure probabilities for components with more complex
geometries. Before issuing this SER, the staff identified an open item that WCAP should provide
guidance for the analyst on the code limitations for complex geometries and guidance for
effective use of the code in such applications. In the public meeting on September 22, 1998
(item 12, Ref. 8], Westinghouse stated that the SRRA piping models only apply to standard
piping geometry (circular cylinders with uniform wall thickness). Westinghouse further stated
that a limitation on the use of non-standard geometry will be added in the next revision of
WCAP-14572. The staff finds this clarification of the code limitation to be acceptable. The staff's
approval is conditioned upon Westinghouse making the change to WCAP-14572 described
above.

A.6 Structural Materials

For calculational convenience, structural reliability computer codes should be able to address a
range of piping materials. The capabilities of the SRRA code meets this criterion. The code has
generally been applied in a mode which uses simplified inputs consistent with standardized
material properties for stainless and ferritic piping materials. However, the code can also be
operated in a mode which allows greater flexibility for the specification of input parameters for
material properties. The staff recommends that licensees apply the code in a manner that
accounts for the known plant-specific material characteristics as they may be governed by such
factors as carbon content, heat treatments, etc.

As with any computer code, the quality of results often depends on the capabilities of the code
user. In this case, the user must first recognize situations for which it is inappropriate to use the
standard menu selections of material properties. Before issuing this SER, the staff indicated that
WCAP-14572 should specify the level of training and qualification that the code user needs to
properly execute the SRRA code. In its response in the public meeting on September 22, 1998
[item 13, Ref. 8], Westinghouse indicated that the next revision of WCAP-14572 will state that to
ensure that the simplified SRRA input parameters are consistently assigned and the SRRA
computer code is properly executed, the engineering team for SRRA input should be trained and
qualified. The revised WCAP will also list the topics covered in this training as presented in the
public meeting on September 22, 1998 [item 13, Ref. 81. The staff has reviewed the additional
guidance for training and qualification and determined that it provides reasonable assurance that
code users will be able to properly execute the SRRA code. The staffs approval is conditioned
upon Westinghouse making the change to WCAP-14572 described above.

A.7 Loads and Stresses

The SRRA code has several inputs to describe the loads and stresses that govern piping failure.
The stresses used for plant specific applications should be based on actual plant experience
and operational practices (including thermal and vibrational fatigue stresses), which may differ
from the stresses used for purposes of the original design of the plant. The types of stresses of
concern include residual and vibrational (fast transient) stresses which are specifically
addressed below. Other inputs address low cycle fatigue (slow transients) and design-limiting
stresses which include the effects of seismic loadings. For applications of RI-ISI programs to
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actual plants, plant-specific inputs such for loads and stresses should be used.

All calculations assume that the stresses are uniformly distributed through the thickness of the
pipe wall. This simplifying assumption is conservative and could be avoided (with methods
currently used in the pc-PRAISE code).

The inputs for low cycle fatigue can address only one type of loading transient, which is
assumed to represent the dominant contribution to fatigue crack growth, although well-known
methods exist to evaluate the combined effects of many operational transients. However,
limiting the evaluation to one dominant transient is a reasonable approach, given the intended
scope of the SRRA code, which is to estimate failure probabilities using simplified approaches.

Similarly, the SRRA code requires the user to select a single level of design-limiting stresses
and an associated occurrence frequency which best characterizes the loads governing the
probabilities of a pipe break. The selection is based on plant experience, records of transients,
engineering judgement or other considerations. In some cases, the normal operating loads will
be more important (because they occur with a probability of 100 percent) than much larger
seismic loads that have lower occurrence rates (e.g., a frequency 103 per year). Applications of
the SRRA code before the 1996 benchmarking activity were founded on design-limiting stresses
related to seismic loads, and with a standardized occurrence frequency of 103 per year.
Discussions during the 1996 benchmarking effort noted that higher probability loads should also
be addressed. These discussions led Westinghouse to use as inputs the design-limiting (e.g.,
pressure, dead weight, etc.) loads in combination with an occurrence frequency of once per
year, or probabilistically distributed as a function of time in the calculations, an approach which
may result in conservative predictions of pipe break frequencies.

The staff finds the treatment of loads and stresses as discussed above to be conservative and
acceptable for the purpose of RI-ISI program application since the use of less conservative
loads and stresses would require more detailed structural analyses and in most cases should
not impact either the categorization process or the change in risk calculations. In reviewing
plant specific calculations performed with the SRRA code it has been noted that sensitivity
calculations have been used to evaluate the effects of conservative inputs for piping stress. For
example, failure probabilities associated with high stresses due to postulated snubber lockup
have been adjusted to account for the probability that the lockup condition will actually occur.
Such evaluations are an important step to ensure that conservative inputs do not unrealistically
impact the categorization and selection of piping locations to be inspected. In summary, while
an appropriate selection for input parameters for loadings is a critical step in the evaluation,
licensees have the needed expertise to identify the required input to the SRRA input menu.

A.8 Vibrational Stresses

The NRC staff and the industry have recommendations that address appropriate levels (as a
function of pipe size) for vibrational stresses to be used in failure probability calculations. These
recommendations arose from concerns regarding assumptions made for early calculations
performed for Surry Unit I by Westinghouse and Virginia Power, and were developed with
guidance from the ASME Research Task Force on Risk-Based Inspection Guidelines.
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Since the Westinghouse SRRA code has incorporated the recommendations of the ASME Task
Force as default values for those piping locations at which high levels of vibrational stresses are
expected, the staff concludes that the treatment of vibrational stress as in the SRRA code is
acceptable. The recommended levels of vibrational stresses will be fully documented in a
revision to WCAP-14572. The actual piping locations where vibrational stresses are to be
expected are assigned by plant technical staff on the basis of judgement taking into account
such factors as proximity to rotating equipment and knowledge of plant operating experience.'
The staffs approval is conditioned upon Westinghouse making the change to WCAP-14572
described above.

A.9 Residual Stresses

The Westinghouse SRRA code includes inputs for residual stress which describe both median
values and variability in the level of stress. The residual stress contribution is an important
contribution to the growth of stress corrosion cracks, and can also influence the growth of fatigue
cracks through the so-called R-Ratio effect.

Appropriate levels of welding residual stress were discussed in review meetings held during the
Surry Unit I pilot application, and a consensus was developed to guide the selection of residual
stress inputs. Since the SRRA code uses the resulting recommendations which specify a log-
normal distribution to describe the uncertainty in residual stress, with an upper bound on the
distribution (or truncation) at 90 percent of the flow stress (corresponding to the 90th percentile
of the log-normal distribution), the staff finds the treatment of residual stresses acceptable.

A.10 Treatment of Conservatism

RG-1.174 recommends that all calculations used in the categorizing risk (including the
calculations of component failure probabilities) should be performed on a 'best estimate" basis
rather than conservatively. Conservative assumptions can introduce undesirable biases into the
ranking process by masking the significance of those components for which realistic rather than
conservative evaluations are performed. In the case of inservice inspections, the result could,
for example, lead to an inappropriate amount of inspection of small versus large pipes, or
excess inspection for stress corrosion cracking versus inspection for flow-assisted corrosion.

With a few exceptions, the Westinghouse SRRA code performs 'best estimate' calculations. On
the basis of this review, the staff concludes that conservative assumptions are consistent with
practices used in similar computer codes, andlor are consistent with limitations of current
technology to predict structural failures. Nevertheless, particular applications of the code may
address uncertainties regarding code inputs by assigning very conservative values, and thereby
generate inappropriately conservative estimates of failure probabilities. The present review also
addresses the following potential sources of conservatism on the basis of practices used in the
Surry Unit 1 pilot study:

Inputs for the number and sizes of fabrication flaws are a significant source of uncertainty. In
estimating the number of flaw in a weld, the SRRA code accounts for the volume of metal in
the weld by relating this volume to the circumference and wall thickness of the pipe. The
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SRRA code, like the pc-PRAISE code, places all flaws at the pipe inner surface, and in this
step makes conservative assumptions about the fraction of the flaws in each given weld
which should be counted as surface flaws. This estimated fraction is believed to be
somewhat more conservative for thicker wall piping than for thinner wall piping, and may
therefore bias inspections to larger piping.

The treatment of stress corrosion cracking could give very conservative predictions of failure
probabilities because of conservative assumptions in the structural mechanics model. In
particular, the model makes three conservative assumptions:

(1) There is a 100 percent probability that an IGSCC crack will initiate in each weld.
(2) The crack initiates at time equals zero.
(3) The size distribution of the initiated cracks is the same as for welding related flaws.

Evidently, there are offsetting factors which lower the calculated crack growth rates and
thereby account for a generally good correlation of the calculated failure probabilities with
service experience. The reason for the good correlation with experience is not clear.
However, It appears that the SRRA calculations were performed with the intent of achieving
qualitative agreement with plant operating experience. In this regard, staff recommendations
encourage the use of data and operating experience to augment computer models to
estimate piping failure probabilities. The WCAP does not document a formal process to use
experience as a means to calibrate the SRRA calculations. Nevertheless, discussions
during public meetings for reviews of the Surry Unit I pilot application did focus on piping
locations with highest values of failure probabilities with attention to the degradation
mechanisms involved and how the predictions correlated with service experience. Evidently
the SRRA models have been adjusted or calibrated to ensure that the piping locations with
the highest potential for IGSCC have calculated failure probabilities that are generally
consistent with the experience. Having "anchored' the highest values of calculated
probabilities, the model permitted probabilities for locations with lower potentials to be
estimated on the basis of the relative values of calculated failure probabilities.

The review of the Surry Unit I pilot study indicates conservative engineering judgements
used to assign cyclic and design limiting stress. One example is that vibrational stresses are
often assumed to be present (with a probability of 100 percent), where in reality the identified
locations only have a potential for the occurrence of such stresses. At other locations, code
limiting stress levels are assigned because results of detailed stress calculations were not
available. However, review of the predicted failure probabilities calculated for the Surry pilot
plant showed consistency with available industry data for the frequency of vibrational failures.
As in the case of failures due to IGSCC, the results of SRRA calculations for vibrational
failures were' reviewed during public meetings. Inputs for vibrational stress levels were
refined with an objective to predict failure probabilities that were reasonable 'and consistent
with plant operating experience . The staff, therefore, finds the selected application of
conservatism for vibrational stresses acceptable.

A.11 Numerical Methods and Importance Sampling

On the basis of this review, the staff concludes that the SRRA code calculates failure
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probabilities using acceptable statistical and probabilistic methods. The Monte-Carlo method as
implemented in the SRRA code is a standard approach commonly used in probabilistic structural
mechanics codes including the pc-PRAISE code. Importance sampling, again a common and
well-accepted approach, increases the computational efficiency of the Monte-Carlo procedure by
shifting the distributions for random variables to increase the number of simulated failures. The
magnitude of shift applied to the variables by the SRRA code is relatively modest and is not
believed to be sufficient to cause incorrect estimates of failure probabilities.

A.12 Documentation and Peer Review

Having reviewed WCAP-14572, Revision 1, Supplement 1, the staff concludes that this
document, along with other referenced technical reports and papers, provides an acceptable
level of documentation for the SRRA computer code.

Peer reviews of the SRRA code have also been performed on several occasions. The author of
the code has published several papers for presentation at technical conferences, with technical
peer reviews being part of the publication process. Earlier versions of the code have been used
by Westinghouse in past research projects which have also been reviewed by the staff. In
addition, the methodology of the code parallels approaches used in other generally accepted
probabilistic structural mechanics codes, such as pc-PRAISE.

During the Surry Unit 1 pilot plant study, technical reviews of the SRRA code were performed by
the NRC staff, its contractors, and the ASME Research Task Force on RI-ISI. These reviews
provided a detailed assessment of the Westinghouse SRRA code on the basis of (1)
documentation of the code, (2) detailed descriptions of example calculations, (3) trial
calculations performed with the SRRA code by peer reviewers, and (4) benchmark calculations
to compare failure probabilities predicted by the SRRA code and the pc-PRAISE code. Related
comments resulted in several improvements to the SRRA code, as reflected in WCAP-14572,
Revision 1, Supplement 1

A.13 Validation and Benchmarking

Westinghouse has used a variety of approaches to validate the ability of structural mechanics
code to predict component failure probabilities. These approaches have included comparing
code predictions with plant operating experience, and comparing SRRA predictions with
predictions made by other probabilistic structural mechanics codes. Results of these efforts are
described in WCAP-14572, Revision 1, Supplement 1, and in a recent ASME technical paper
(Bishop 1997). The results of these validation efforts are reviewed in the following subsections.

A.13.1 Benchmarking Against pc-PRAISE

As part of the Surry Unit 1 pilot application during 1996, a benchmarking activity to compare
results from the Westinghouse SRRA code with the pc-PRAISE code was completed. The
scope of the benchmarking calculations was limited to the failure mechanism of fatigue, because
both codes address this mechanism and approach the fatigue evaluation in a similar manner.
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The objective of these calculations was to start with identical specifications for input parameters,
and to establish whether the two codes predict the same or similar probabilities of failure for
small leaks, large leaks, and pipe rupture.

The 1996 benchmarking calculations did not address the failure mechanisms of stress corrosion
cracking or wall thinning caused by flow-assisted corrosion. The pc-PRAISE code does not
address the failure mechanism of wall thinning, and therefore provided no means to benchmark
the predictions derived using the wall thinning model from the Westinghouse SRRA code. In
addition, although both codes address stress corrosion cracking, they use significantly different
technical approaches which result in very different types of input parameters. Therefore, the
appropriate validation approach for this failure mechanism was to validate each code on its own
merits against operating experience.

NRC staff and contractors participated in the benchmarking activity,.which Westinghouse staff
documented in a recent paper presented at an ASME conference (Bishop 1997). This
evaluation report summarizes the benchmarking procedures and (in part) the results of that
effort.

A wide range of pipe sizes, material types, cyclic stress levels and frequencies, design limiting
stresses, and leak detection capabilities were addressed by the calculations. While the present
review describes some difficulties and issues encountered in comparing break probabilities for
stainless steel piping when leak detection was included in the calculations, the present review
agrees with the overall conclusion stated by Westinghouse that the calculations did successfully
benchmark the calculations for the small leak, large leak, and full break probabilities..

As stated, the benchmarking calculations of the Westinghouse SRRA code against the pc-
PRAISE code were limited to the mechanism of fatigue and more specifically, fatigue-related
failures of piping associated with preexisting flaws in circumferential welds. The calculations
excluded failures caused by service-related cracks initiated by fatigue. However, the range of
cyclic stresses and cyclic frequencies was sufficiently broad to address low cycle fatigue
attributable to normal plant transients, and high cycle fatigue caused by pipe vibrations or
thermal fatigue conditions.

The benchmarking effort addressed concerns over the number of Monte-Carlo trials and
importance sampling implemented within the Westinghouse SRRA code. Both aspects of the
numerical approach were found acceptable. Results from the audit calculations led
Westinghouse to increase the default number of Monte-Carlo simulations from the original value
of 5000. In addition, the review established the correctness of the importance sampling
approach, which in the Westinghouse SRRA code involves a shifting of distributions for the
random variable in such a direction as to obtain a larger number of simulated failures. Default
values for the number of shifting were judged to be modest, and unlikely to be a source of error
in calculated failure probabilities. Sensitivity calculations by Westinghouse were performed to
establish the amount of shifting which would degrade the accuracy of the calculated failure
probabilities, and this level far exceeded the default parameters for shifting distributions.

The benchmark calculations generally showed good agreement in calculated failure
probabilities. There were no areas of significant disagreement for probabilities of either small or
large leaks over the full range of input parameters, which gave a very wide range of calculated

FLE.SERWCAP.FNL A.13

o:\4393\VersiornA\4393-S3.doclb-020299



failure probabilities.

In a few cases, limited to certain calculations involving very low break probabilities, differences in
calculated break probabilities amounting to several orders of magnitude were noted between
results from the two codes. Calculations with the Westinghouse SRRA code gave higher break
probabilities than predicted by pc-PRAISE. The pipe break probabilities were always sufficiently
small so that the pipe segments would make only negligible contributions to the core damage
frequency or categorization. No significant differences were observed for cases that neglected
the effects of leak detection or where the piping material was ferritic steel versus stainless steel.

The benchmarking activity was concluded before all remaining differences in calculated break
probabilities were resolved. As a result, some potential sources of numerical differences were
not fully explored, including details of the importance sampling procedure, and the logic used to
simulate the effects of leak detection. Westinghouse has put forward revised calculations that
show relatively good agreement for all break probabilities.

It should be noted that there were significant differences in calculated failure probabilities for
small leaks, large leaks, and pipe breaks during the first phase of the benchmarking
calculations. It became clear that the codes themselves were not the source of the differences,
but rather differences in the selection of numerical values for certain input parameters, which
had not been adequately specified during the initial definition of the parameters for the
benchmark problems. The most critical inputs were those for flaw density and size distributions,
levels of vibrational fatigue stresses, and inputs for the simulation of leak detection.

Participants in the benchmarking efforts subsequently agreed to develop improved and
standardized values for the critical inputs. Using results of calculations performed by Rolls
Royce and Associates, the participants developed improved inputs for flaw size distributions.
Inputs for vibrational stress levels were related to pipe sizes, resulting in reduced levels of
vibrational stress for the largest pipe sizes. As a final step, the SRRA code was modified to
simulate the effects of leak detection using a technique consistent with the state-of-the-art
methodology used by the pc-PRAISE code. These changes resulted in good agreement
between the two codes.

A.13.2 Validation with Operating Experience

A number of approaches can be used to validate calculated failure probabilities for consistency
with plant operation experience. The documentation given in WCAP-14572, Revision 1,
Supplement 1, provides two acceptable examples of such validation, for the SRRA code. Both
examples address failure mechanisms (FAC and IGSCC) for which there have been a sufficient
number of field failures to provide data to permit benchmarking of calculated failure probabilities
with observed failure rates. The staff found acceptable the agreement between predictions and
operating experience for both failure mechanisms.

For most piping segments, calculations with the SRRA code have predicted relatively small
values for failure probabilities. The results indicate that failures for such pipe segments would
not be expected to occur for the limited number of years of plant operation accumulated to date.
The SRRA code has therefore been shown to predict very low failure probabilities for those
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failure mechanisms and piping locations which have exhibited a high level of operational
reliability.

The predicted failure probabilities predicted by the SRRA code for the Surry Unit 1 plant have
been reviewed from the standpoint of plant-wide trends. The net plant-wide calculated failure
frequency (accounting for all pipe segments and all systems) indicates about one pipe leak per
year for the entire plant, and a few pipe breaks over the 40-year operating life of the plant
These predictions of overall failure rates, predicted degradation mechanisms, and the most likely
locations for piping failures show an acceptable level of agreement with plant operating
experience. However, as noted above, most piping locations have experienced no failures or
detectable degradation, and for these locations the operating experience provides no means to
validate the correctness of the relative values of calculated failure probabilities. In this regard,
the RI-ISI process is designed to provide feedback of future operating experience to permit
refinement of the predictive models as appropriate.

A.14 Flaw Density and Size Distributions

Inputs for the number and sizes of welding-related fabrication flaws are a large source of
uncertainty in performing probabilistic structural mechanics calculations. WCAP-14572,
Revision 1, Supplement 1, indicates that the SRRA code uses acceptable inputs for flaw
densities and size distributions. The inputs used with the SRRA code are those developed
during the 1996 benchmarking activity. These inputs were derived on the basis of trends
observed in calculations generated by Rolls Royce and Associates through application of the
RR-Prodigal model to simulate flaws in typical nuclear piping welds.

While there remain uncertainties in the estimated absolute values of flaw densities, the technical
basis of RR-Prodigal model helps to ensure consistency in the relative values for the number
and sizes of flaws as a function of pipe material, welding practice, pipe wall thickness, and
volume of weld metal. The 1996 modification of the SRRA code, which included the improved
means for describing flaw distributions, significantly enhanced the ability of the SRRA code to
predict reasonable values (consistent with data from operating experience) for the relative failure
probabilities of large diameter piping versus small diameter piping.

A.15 Initiation of Service-Induced Flaws

The fatigue and stress corrosion cracking models in the SRRA code address only failures
caused by preexisting fabrication-related flaws. Such flaws are an important contribution to
piping failures, particularly when the service stresses are insufficient to cause cracking of initially
un-flawed material. However, many service-related failures have been associated with severe
cases of cyclic stress (e.g., thermal fatigue) or aggressive operating environments (e.g., stress
corrosion cracking). In these cases service-induced flaws rather than preexisting flaws are the
dominant contributor to piping failures.

The documentation provided in WCAP-1 4572, Revision 1, Supplement 1, appropriately
acknowledges the limitations of the SRRA code, and suggests that other approaches may be
needed to address failures due to serviceinduced flaws. These methods include the pc-
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PRAISE code which offers the capability to simulate the initiation of stress corrosion cracks in
stainless steel welds. In this regard, the diversity of experience represented by the expert panel
reviews should ensure that appropriate computer codes and data bases are used to estimate
failure probabilities.

In practice, as during the Surry Unit 1 pilot study, calculations with-the SRRA code have
approximated service-induced flaws by assuming that one flaw perweld inftiates immediately
upon the start of plant operation. The size of this flaw is described by the same distribution used
to describe welding-related flaws. This model is an acceptable basis to calculate conservative
or bounding values of failure probabilities. However, failure probabilities calculated using this
approach must be used with caution; because the overly pessimistic predictions could result in
assigning inappropriately high rankings to certain pipe segments at the expense of other
components which could have larger contributions to risk.

A.16 Preservice Inspection

There are no simulations within the SRRA code to account for preservice inspections as a
means to reduce the number of initial fabrication flaws. Effects of preservice inspections must
be included indirectly through the inputs for flaw densities and size distributions. The staff finds
the flaw distribution parameters described in WCAP-14572, Revision 1, Supplement 1, to be
acceptable since they were derived from predictions by the RR-Prodigal flaw simulation model,
which accounts for the effects of inspections performed after completion of welding. Using these
input parameters, the calculations with the SRRA code have properly addressed the effects of
preservice inspections.

A.17 Leak Detection

Consistent with the objective of calculating 'best estimate' rather than conservative failure
probabilities, the effect of leak detection in preventing catastrophic piping failures should be
included in determining the change in CDF/LERF that lead to changes in the inspection
program. The Westinghouse SRRA code includes a simulation of leak detection as an
enhancement to the code made during the 1996 code benchmarking activity (It should be noted
that for categorizing piping segments, leak detection is not normally credited, except for the
reactor coolant system where redundant leak detection capabilities exist). It is important that
inputs to the SRRA code specify realistic values of detectable leak rates. This requires an
understanding of the reliability of the techniques used to detect leaks in the various plant
systems of interest

The simplified leak rate model in the Westinghouse SRRA code is based on a correlation of
calculated data on leak rates obtained from a more detailed model which is part of the pc-
PRAISE code. This correlation provides an acceptable basis for addressing leak detection for
the specific pressure and temperature conditions for the primary coolant loop of PWR plants
having fatigue type cracks. The correlation accounts for effects of crack size, pipe stress, and
intema( pressure, and gives approximate predictions leak rates suitable for use in leak detection
modelsi However, the correlation can give incorrect simulations of leak detection (due to over
prediction of leak rates) for systems operating at the pressures and temperatures for BWR
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plants that have IGSCC cracks with morphologies differing from those of fatigue cracks.

Before issuing this SER, the staff had identified an open item that Westinghouse should address
the applicability of those correlations to other plant conditions. The staff also indicated that
Westinghouse should clarify whether the SRRA code can be applied to BWRs and justify the
applicability of the correlations used to calculate leak rates under BWR operating conditions. In
the public meeting on September 22, 1998 item 5 (d), Ref. 8], Westinghouse stated that the
existing correlations for leak rates can be used for other plant conditions beyond the RCS and
that the SRRA code can be applied to BWRs; however, care must be exercised in applying this
approach to BWR piping systems, particularly those subjected to IGSCC. In addition,
Westinghouse indicated that WCAP-14572 will be revised to provide guidance on addressing
stress corrosion cracking. The staff finds the response acceptable since most piping susceptible
to stress corrosion cracking (SCC) is also subject to fatigue loading, such as normal heat up and
cool down, and the leak rate correlation for fatigue type cracks was conservatively assumed for
the CLVSQ Program. The staff's approval is conditioned upon Westinghouse making the
change to WCAP-14572 described above.

A.18 Proof Testing

The Westinghouse SRRA code does not explicitly address the potential benefits of preservice
proof tests (e.g., pressurization tests) as a means to reduce piping failure probabilities. As such,
the calculated failure probabilities are likely to be somewhat conservative. Components having
very low failure probabilities are likely to be those most affected by proof testing (i.e., potential
service failures are attributable to very deep cracks which can be discovered during proof
testing).

Proof testing can be addressed indirectly by the SRRA code with a modification to the inputs for
the number and sizes of initial fabrication flaws. The proof test serves to reduce the number of
very large flaws.

Before issuing this SER, the staff had identified an open item that WOG should describe how
proof testing is addressed in the SRRA calculations, and should clarify what impact its neglect
would have on the calculated failure probabilities and categorization. In the public meeting on
September 22, 1998 rtem 14, Ref. 8], Westinghouse stated that the effect on the segment risk
ranking and categorization would be very small and slightly conservative. Westinghouse also
indicated that the next revision of WCAP-14572 will clarify that SRRA models in LEAKPROF do
not take credit for eliminating large flaws, which would fail during the pre-service hydrostatic
proof tests, even though this is allowed as an input option in pc-PRAISE. The staff concludes
that the approach for addressing proof testing is acceptable because Westinghouse has
demonstrated that the effect of proof testing on the segment risk ranking and categorization
would be very small and slightly conservative. The staff's approval is conditioned upon
Westinghouse making the change to WCAP-14572 described above.

A.19 Inservice Inspection

The Westinghouse SRRA code can simulate the reduction in piping failures resulting from ISI.
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However, the methodology described in WCAP-14572, Supplement 1, assumes no inservice
inspection for purposes of establishing risk importance measures, but does credit inservice
inspection in calculating the change in CDF/LERF that results in changes to the ISI program.

Inservice inspections are simulated by the SRRA code following an approach which is similar
but not identical to the pc-PRAISE code. In most cases, the approach should give acceptable
predictions of the effects of inspections. Nevertheless, due care must be taken to avoid overly
optimistic evaluations. Before issuing this SER, the staff had identified an open item that the
probability of detection curves used in calculations need to be justified for the material type,
inspection method, component geometry, and degradation mechanism that apply to the
structural location being addressed. In the public meeting on September 22, 1998 [item 15 (a),
Ref. 8], Westinghouse stated that the default input values for the probability of detection (POD)
curves are consistent with the default input values for pc-PRAISE. The revised WCAP will
emphasize that the SRRA code user must ensure that the specified input values for POD are
appropriate for the type of material, inspection method, component geometry, and degradation
mechanism being evaluated. The staff finds this response acceptable since (POD curves are
consistent with the default input values for pc-PRAISE code which has been validated and
accepted by the staff for various applications. The staffs approval is conditioned upon
Westinghouse making the change to WCAP-14572 described above. In addition, the detection
probabilities used in SRRA calculations should be justified and documented as part of plant
specific submittals.

A.20 Service Environment

Service environments (characterized by pressure, temperature, water chemistry, flow velocity,
etc.) can affect corrosion rates and crack growth rates. These effects must be addressed on a
segment-by-segment basis in probabilistic structural mechanics model since the classification of
high-safety-significance and low-safety-significance is based on a segment-by-segment basis.

The SRRA code allows the effects of service environment to be included in calculations of piping
failure probabilities. For the failure mechanism of fatigue crack growth, the equations for
predicting crack growth rates are appropriate since they have been derived on the basis of tests
performed with specimens exposed to reactor water environments.

Crack growth rates (for stress corrosion cracking) and wall thinning rates (for flow-assisted
corrosion) can be specified by the inputs in a manner that includes appropriate effects of
operating environments. Crack growth rates are appropriate since the SRRA code has
incorporated bounding rates for these two degradation mechanisms, bounding rates are founded
on laboratory data and service experience corresponding to high failure probabilities, and the
user should specify numerical factors to be applied to these bounding rates, with the assigned
factors derived from plant operating experience and engineering judgement.

In summary, the SRRA code provides an acceptable method to account for the effects of the
operating environment since the method is largely reliant on qualitative judgments to indirectly
assign quantitative factors. This is appropriate since typical calculations must often be
performed without detailed knowledge of such factors as water chemistries and flow velocities
and-the documentation for the code acknowledges limitations of the approximate methodology
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and recommends other methods for use as needed.

A.21 Fatigue Crack Growth Rates

The equations used by the Westinghouse SRRA code to predict fatigue crack growth rates in
both stainless and ferritic steels are the same equations used by the pc-PRAISE code. These
equations represent the best available correlations for the statistical distributions of mean crack
growth rates and for crack growth. On the basis of this review, the staff concludes that the
SRRA code has an acceptable basis for simulating fatigue crack growth rates.

A.22 IGSCC Crack Growth Rates

The equations used in SRRA to relate crack tip stress intensity factors to growth rates for stress
corrosion cracks are consistent with NRC staff evaluations of BWR piping performed in the
1980s. These equations provide an acceptable approach to predict bounding growth rates for
sensitized stainless steel welds in BWR water environments.

The equations implemented in the SRRA code do not provide a mechanistic basis to address
stress corrosion cracking under less aggressive conditions. Limitations of the equations are
acknowledged in the code documentation provided in WCAP-14572, Revision 1, Supplement 1.
A code user is guided to apply knowledge of the materials/welding variables and of the plant
operating conditions in combination with engineering judgement to estimate crack growth rates
relative to the bounding rates incorporated into the SRRA code. The user is also guided in this
difficult task with the option to assign a high, medium, or low category for the crack growth rates.
With this option the code internally assigns the numerical parameter which is applied as a
multiplying factor to the bounding crack growth rates.

A.23 Wall Thinning Rates

The Westinghouse SRRA code estimates wall thinning rates using a statistical correlation (mean
of 0.0095 inch per year and standard deviation of 0.893 inch per year) of field measurements of
thinning rates from piping subject to flow-assisted corrosion. These measured rates were from
selected piping locations which had sufficient wall thinning to violate minimum wall thickness
requirements and thus result in replacement of the piping.

The user of the code must apply knowledge of the piping materials, operating condiions, and (if
possible) plant-specific measurements of thinning rates to assign each pipe location to the
categories of high, medium, and low thinning rates. The high category corresponds to the
statistical data correlation contained in the code, with the other categories corresponding to
internally assigned multiples of this reference thinning rate.

Plant technical staff will typically have data available from existing programs for augmented
inspection and the management of wall thinning for piping systems at their plants. In these
cases, the user can override the parameters corresponding to the three standard categories,
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and directly assign input to describe the best estimate and uncertainty in the thinning rates.
These assignments can be based on location specific wall thickness measurements, predictions
of thinning rates such as by the CHECKWORKS code, or can be based on other sources of
knowledge and/or engineering judgement.

With proper inputs, the code provides a useful tool to assist in estimating piping failure
probabilities attributable to wall thinning. Before issuing this SER, the staff had identified an
open item that Westinghouse should expand the code documentation to provide additional
guidance for selecting the input for the calculation. In the public meeting on September 22,
1998 [item 15(b), Ref. 8], Westinghouse stated that the next Revision of WCAP-14572,
Supplement 1, will provide detailed guidelines for simplified input variables and any associated
assumptions that could be important in assigning the input values for the SRRA code. WCAP-
14572 will also state that if more than one degradation mechanism is present in a given
segment, the limiting input values for each mechanism should be combined so that a limiting
failure probability is calculated for risk ranking. The staff finds the guidance in item 15(b), Ref. 8
to be acceptable because it provides sufficient guidance for the code user for selecting input
parameters. The staff's approval is conditioned upon Westinghouse making the change to
WCAP-14572 described above.

A.24 Material Property Variability

Variability and uncertainties in certain material properties have a large influence on calculated
failure probabilities. Nonetheless it is appropriate for probabilistic structural mechanics codes to
treat some material properties as deterministic, while the variability and uncertainty in other
properties must be simulated in the probabilistic model. Experience has shown that it is critical
to treat the material input parameters associated with crack growth rates, fracture toughness,
and strength levels as random variables.

The SRRA code treats probabilistically the important parameters which describe material
properties. The staff finds that the code provides an acceptable basis to account for
uncertainties in material-related characteristics since the code documentation clearly indicates
which material properties are treated in a probabilistic manner and which parameters are treated
as deterministic inputs.

A.25 SUMMARY AND CONCLUSIONS

This review concludes that the Westinghouse SRRA code provides an acceptable method that
can be used, in combination with trends from data bases and insights from plant operating
experience, for estimating piping failure probabilities. The underlying deterministic models used
by the code are based on sound engineering principles and make use of inputs which are within
the knowledge base of experts that will apply the code. Effects of variability and uncertainties in
code inputs are simulated in a reasonable manner. The documentation for the SRRA computer
code shows examples where the code has been benchmarked against other computer codes
and validated with service experience:

While the SRRA code can be applied as a useful tool for estimating piping failure probabilities,
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the present review has identified a number of limitations in the types of calculations that can be
performed by the code. Some of the concerns which users of the code must be aware include:

* The quality and usefulness of results from the SRRA code are very dependent on the quality
of inputs provided to the code. It is important that users of SRRA be adequately trained in the
features and limitations of the code, and have the access to detailed information of the plant
specific piping systems being modeled.

* The results of SRRA calculations should always be reviewed to ensure that they are
reasonable and consistent with plant operating experience. Data from plant operation should
be used to review and refine inputs to calculations. In all cases, greater confidence should
be placed in relative values of calculate failure probabilities than on absolute values of these
probabilities.

* The stresses used for plant specific applications should be based on actual plant experience
and operational practices (including thermal and vibrational fatigue stresses), which may
differ from the stresses used for purposes of the original design of the plant.

O The present review describes some numerical difficulties and issues encountered in
comparing break probabilities for the fatigue of stainless steel piping when leak detection was
included in the calculations. Nevertheless, the present review agrees with the overall
conclusion as stated by Westinghouse, that the calculations did successfully benchmark the
calculations for the small leak, large leak, and full break probabilities.

* The simplified nature of the SRRA code has resulted in a number of conservative
assumptions and inputs being used in applications of the code. It is therefore recommended
that sensitivity calculations be performed to ensure that excessive conservatism does not
unrealistically impact the categorization and selection of piping locations to be inspected.

* The model of piping fatigue and stress corrosion cracking by the SRRA code addresses only
failures due to the growth of preexisting fabrication flaws and does not address service
induced initiation of cracks. Given plant operating experience which shows that piping
failures by fatigue and IGSCC are very often due to initiated cracks, the prediction of failure
probabilities for these degradation mechanisms will often be better addressed by other
methods and/or other computer codes, such as pc-PRAISE

* The SRRA model for flow assisted corrosion and wastage only addresses the variability in
wall thinning rates, and assumes that the user has a basis for assigning values for expected
or nominal thinning rates. Application of the SRRA model should be made within the context
of existing plant programs for the inspection and management of wall thinning of piping
systems. The SRRA code can be applied most effectively if there are means to estimate the
thinning rates, based, for example, on data collected from wall thinning measurements or
from predictions of computer codes such as the EPRI developed code CHECKWORKS.

* The pilot applications of the SRRA code to risk-informed ISI as described in WCAP-14572
represent a new and evolving application of the probabilistic structural mechanics technology.
Lessons learned from the pilot applications and consideration of the code limitations as
identified in the present review should be used to guide the future development and
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enhancement the SRRA code.
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FOREWORD

This topical report on risk-informed inservice inspection (RI-ISI) methods for piping has been

revised based on: 1) interactions with the Nuclear Regulatory Commission (NRC); 2) the

methodology enhancements made as a result of the application of the WOG methodology to

the Virginia Power Surry Unit 1; 3) the enhancements made to the WOG process as a result of

benchmarking efforts between the WOG and the NRC and their contractors during the Surry

pilot application via American Society of Mechanical Engineers (ASME) Research; and 4) the

consideration of the key elements stated in the NRC's regulatory guides and standard review

plans for risk-informed decision-making.

In addition, a supplement has been developed that provides detailed information on the

structural reliability and risk assessment (SRRA) model. This model is applied to assist in the

estimation of piping failure probabilities that are a key component in the risk-informed ISI

process.
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EXECUTIVE SUMMARY

Inservice inspections are intended to play a key role in minimizing structural failures. The

objective of inservice inspection (ISI) is to identify conditions, such as flaw indications, that are

precursors to leaks and ruptures, which violate pressure boundary integrity principles for plant

safety. All aspects of inspection, including where, when, and how to inspect, affect the benefits

of the inspection for enhancing component structural reliability. In addition, accept/reject

criteria and repair procedures have a significant influence. Inspections are currently performed

based on mandated requirements, such as those for nuclear power plant components in the

ASME Boiler and Pressure Vessel Code, insurance requirements, company policy, etc. Most

inspection requirements are based on past experience and engineering judgment and have ordy

an implicit consideration of risk-based information, such as failure probability and consequence

impacts for the specific material, operation and loading conditions.

Technologies for risk assessment of systems and components have been developing rapidly

over the past two decades concurrently with progress in inspection technology and methods for

assessment of component structural reliability and the effects of inspection. In fact, all nuclear

power plants have been required to perform an Individual Plant Examination (IPE) per the

requirements of NRC Generic Letter 88-20 to determine plant vulnerabilities to severe accidents

such as core damage and large early release from containment. These developments provide

the capability of selecting between candidate inspection programs based on quantitative

estimates of the risks associated with component failure, including related inspection and

failure costs. Both the probability and the consequence of component failure enter into the

evaluation of risk, and inspection programs can be formulated based on managing these risks

and related costs.

This report describes a program for showing the benefits of using risk-informed technologies to

reduce overall operation and maintenance costs associated with the inspection of nuclear

power plant components while maintaining a high level of safety. Risk-informed inspection

processes were applied to evaluate the impact of requirements and methods currently being

developed for component/system inspection on overall operation and maintenance costs.

The focus of this report is on the identification of the inspection locations using a RI-ISI process.

The goal of this application is to provide a process for selecting inspection locations based on a

combination of safety significance and failure potential in support of an inspection for cause

philosophy. A 2x2 matrix of piping failure importance versus safety significance is used to
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properly categorize the various piping segments (see Figure 3.7-1) to assist in the selection of

piping structural elements for examination.

The WOG risk-informed ISI process (as shown in Figure 3.1-2) that is applied to identify the

locations for examination includes the following steps:

* Scope Definition

* Segment Definition

* Consequence Evaluation

* Failure Probability Estimation

* ISI Segment Selection

* Structural Element Selection

* Inspection Requirements

Section 3 of the report describes the details of this methodology, and Section 5 outlines the steps

of how to apply the risk-informed ISI process to a specific plant for piping. The WOG risk-

informed ISI process meets the key steps and principles of the NRC framework that has just

been established for risk-informed, plant-specific decision-making. The risk-informed

inspection program requirements can be implemented and monitored within the framework of

the ASME Boiler and Pressure Vessel Code Section XI.

An earlier version of the above process had been applied to Millstone Unit 3, a plant designed

to ASME Section III requirements, as a reference plant study and this work was reported in the

original version of this Topical Report. The process has since been enhanced through

benchmarking efforts in a WOG pilot application at Surry Unit 1, a pre-ASME Section m plant

design, as reported in this revision of the Topical Report. While the process has been

significantly enhanced to meet NRC regulatory guidance on use of probabilistic risk assessment

to improve safety decisionmaking, both of these plant application studies yield consistent

results.

After application of the risk evaluation process, including plant expert panel review, 96 pipe

segments were shown to be high safety-significant at Millstone-3 and 117 pipe segments are

shown to be in this category for Surry-1. In comparing the recommended piping structural

elements to be inspected by non-destructive examination (NDE) in the risk-informed ISI

program compared to current ASME Section XI locations, a greater portion of the risk

associated with piping pressure boundary failures can be addressed with the risk-informed
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program with far fewer examinations being required. At Millstone-3, the risk-informed

program recommends 107 NDE examinations versus 753 ASME Section XI required exams, and

for Surry-1, 137 NDE exams are suggested versus the 385 required by the ASME Code. Both

studies show that examinations can be significantly reduced within the reactor coolant system,

and examinations should be reallocated and added to other Class 2 and Class 3 systems, such as

service water, auxiliary feedwater, and several others related to the specific plant design. At

Surry-1, 12 NDE exams are even recommended in the non-Code class portions of three systems.

A significant reduction in radiation exposure is also shown for both units with approximately

60-75 REM being saved each 10-year inspection interval.

This significant reduction in the number of examinations can be achieved while showing a risk

reduction in total piping pressure boundary risk in terms of both core damage frequency and

large, early release frequency, as demonstrated in detailed calculations performed for Surry-1.

Even considering the impact of potential operator actions to recover from piping failure events

does not change this positive result. In order to meet defense-in-depth principles and to

maintain sufficient safety margins, some current reactor coolant loop piping examinations are

kept in place and additional examinations are recommended in 10 low safety-significant

segments at Surry-1 to maintain a risk neutral position in the front-line systems, such as

containment spray and low head/high head safety injection, and also to reduce the risk in

systems that are dominant contributors to the total piping pressure boundary risk. A statistical

model has also been developed and applied to define the minimum number of locations to be

examined to insure that an acceptable level of reliability is achieved, consistent with current

industry experience, throughout the key piping segments of interest.

Implementation of risk-informed ISI programs using the process and methods provided in this

WOG Topical Report will yield significant benefits in terms of enhanced safety, reduced

radiation exposure, and reduced cost for nuclear plant piping programs. The studies have been

independently performed for both plant applications and show that risk-informed ISI programs

have the potential to be implemented at a cost that can be returned in one to two years

following implementation, depending on the size and age of the unit. Given that aging effects

are directly evaluated in the process using a structural reliability/risk assessment tool, use of

this technology for defining aging management programs and the associated inspection of

piping systems as part of license renewal programs could yield additional significant benefits.
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SECTION 1

INTRODUCTION

Inservice inspections are intended to play a key role in minimizing structural failures. The

objective of inservice inspection (ISI) is to identify conditions, such as flaw indications, that are

precursors to leaks and ruptures, which violate pressure boundary integrity principles for plant

safety. All aspects of inspection, including where, when, and how to inspect, affect the benefits

of the inspection for enhancing component structural reliability. In addition, accept/reject

criteria and repair procedures have a significant influence. Inspections are currently performed

based on mandated requirements, such as those for nuclear power plant components in the

ASME Boiler and Pressure Vessel Code (BPVC), insurance requirements, company policy, etc.

Most inspection requirements are based on past experience and engineering judgment and have

only an implicit consideration of risk-based information, such as failure probability and

consequence impacts for the specific material, operation and loading conditions.

Technologies for risk assessment of systems and components have been developing rapidly

over the past two decades concurrently with progress in inspection technology and methods for

assessment of component structural reliability and the effects of inspection. In fact, all nuclear

power plants have been required to perform an Individual Plant Examination (IPE) per the

requirements of NRC Generic Letter 88-20 (NRC 1988) to determine plant vulnerabilities to

severe accidents such as core damage and large early release from containment. These

developments provide the capability of selecting between candidate inspection programs based

on quantitative estimates of the risks associated with component failure, including related

inspection and failure costs. Both the probability and the consequence of component failure

enter into the evaluation of risk, and inspection programs can be formulated based on

managing these risks and related costs.

This project demonstrates the benefits of using risk-informed technologies to reduce overall

operation and maintenance costs associated with the inspection of nuclear power plant

components while maintaining a high level of safety. Risk-informed inspection processes were

applied to evaluate the impact of requirements and methods, currently being developed for

component/system inspection, on overall operation and maintenance costs.
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a

While the quantitative methodology for RI-ISI described in this report has been developed by

the WOG with assistance from ASME Research and applied to pressurized water reactors

(PWR) with a Westinghouse nuclear steam supply system (NSSS), it is applicable to other

vendor designs, including boiling water reactors (BWR). The methodology should be directly

applicable to other PWR NSSS designs for either full or partial scope (e.g. ASME Class 1 piping

only) applications. However, care must be exercised in applying this approach to BWR piping

systems, particularly those subjected to intergranular stress corrosion cracking (IGSCC) where

several mitigative actions and repairs have been implemented.

1.1 PROGRAM OBJECTIVENESS/SUMMARY OF REGULATORY REQUIREMENTS

AND COMPLIANCE

The primary objective of this program is to apply and document the risk-informed inservice

inspection process as an alternative for selecting and categorizing piping components into high

safety-significant and low safety-significant groups for purposes of meeting ASME BPVC

Section XI Inservice Inspection (ISI) requirements.

The supporting objectives of this program are to:

* Apply new methodologies to better utilize and focus utility and supporting

organization resources

* Minimnize man-rem exposure

* Maintain or enhance plant safety and reliability, and

* Integrate with other risk-informed applications.

An additional objective is to apply this process to determine the impact on the piping ISI

program of a nuclear plant operated through a license renewal period. Results from additional

studies currently planned by the WOG to address this impact are expected to be available in the

near future and therefore are not included in this report.
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Current Regulatory Requirehients for ISI Programs

The ASME Section XI Code contains the requirements for inservice examination of nuclear

power plant piping. The scope covers Class 1, 2, and 3 piping. These requirements are

endorsed by the NRC through regulation in 10 CFR 50.55a(g).

ASME Section Da Categories B-F, B-J, C-F-1 and C-F-2 currently contain the requirements for

examination of piping components by NDE. The current NDE program is limited to ASME

Class 1 and Class 2 piping. There is no current NDE examination program for ASME Class 3 or

nonclass piping components per ASME Section XI.

When an individual utility chooses an alternative process and submits a request to the NRC,

the aspects of the plant's licensing basis that would be affected by the proposed change should

be identified.

Changes in Regulatory Compliance Using Risk-Informed IS1

Specifically for risk-informed ISI, changes in the regulatory compliance includes:

* Identification of the changes to the current ASME Section xM program for piping,

including methods, frequencies and level of qualification (equipment and personnel)

required

* Identification of any NRC-granted relief requests that are still applicable and those that

may now be void

* Identification of any NRC-approved ASME Code Cases that are still applicable and

those that may now be void

Identification of any changes to any owner-defined inspection programs committed to

in response to NRC bulletins, generic letters and enforcement actions, as well as licensee

commitments documented in NRC safety evaluations or licensee event reports

* Identification of any changes to the monitoring or corrective action programs or

reporting requirements for inservice inspection of piping.
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This report documents an alternative to the current ASME Section )a program for piping. The

risk-informed ISI program will be substituted for the current examination program on piping.

Additionally, the alternative program will not be limited to ASME Class 1 or Class 2 piping but

will now encompass the high safety significant piping segments identified through the process

regardless of ASME Class. This report provides an alternative inspection location selection

method for NDE and does not affect current Owner- defined augmented programs. Other

unrelated portions of the ASME Section XI Code will not be affected. This report describes the

recommended changes to the piping systems examined, the changes to the current examination

method, and recommended changes to the monitoring, corrective action and reporting

requirements.

1.2 PROGRAM BENEFITS

Risk-informed processes are used to improve the effectiveness of inspection of components; to

enhance inspection strategies in some areas by inspecting for cause and reduce inspection

requirements in others; to evaluate improvements to plant availability and enhanced safety

measures; and to reduce overall operation and maintenance (O&M) costs while maintaining

regulatory compliance and maintaining or enhancing the plant safety. The program focuses

inspection resources on high safety-significant piping locations and locations where failure

mechanisms are likely to be present thus enhancing overall safety. Risk-informed ISI programs

offer the potential to reduce outage times by defining a smaller set of high safety-significant

components that must be addressed as part of critical paths and by defining more effective

inspection programs to reduce the impact on plant outages.

Longer term benefits include knowledge of the safety versus economic benefits of inspection

and the cost savings and enhanced safety resulting from the risk-informed optimization of the

locations that require inspection during each 10 year ISI interval. Additional cost savings and

improved plant reliability and safety may be realized from the elimination of unplanned

outages caused by ineffective inspection strategies that miss potential degradation that could

lead to piping failures during plant operation.

o:\4393\VersionA\4393-I.doclb-020599 4



1.3 PROGRAM TASKS

This program includes risk-ranking of piping locations to determine the high safety-significant

locations to focus the inspection efforts. It also includes the evaluation of various inspection

strategies and providing recommendations on the appropriate inspection strategy for a given

piping type and postulated failure mechanism.

1.4 REPORT INTENT, ORGANIZATION AND RELATIONSHIP TO REGULATORY

GUIDE RG-1.174

This report is intended to be a submittal to the NRC that documents the methodology and

application for general use of the risk-informed piping ISI methodology supported by plant

applications. The descriptions and information contained in this report are believed to be

sufficient to:

Satisfy the principle elements of risk-informed, plant specific decision making. This

includes the definition of changes made in compliance with pertinent regulatory

requirements, performance of engineering analysis and definition of the implementation

of a risk-informed piping ISI program.

Satisfy the safety principles of risk-informed regulation. This includes descriptions of

compliance with regulatory requirements, maintenance of the defense-in-depth design

philosophy, maintenance of safety margins, description of specific ISI implementation

and monitoring activities and demonstration of acceptable risk.

Section 1 of this report provides an overview of the objectives, regulatory requirements, benefits

and tasks of the program. Section 2 provides the background as to why research and

applications of risk-informed technology for inservice inspection are being performed and

identifies other industry factors that potentially impact this program. Section 3 describes the

process, results and insights gained from the application. Section 4 provides inspection

program requirements, including guidance on inspection methods, program monitoring,

reporting requirements, and corrective action programs and compares the risk-informed results

with the current ASME Section XI inspection locations. Section 5 describes the process to be
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applied on a plant-specific basis while Section 6 summarizes the findings and

recommendations for the application.

Relationship to NRC Regulatory Guide RG-1.174

The NRC issued the following guidance (regulatory guides (RG) and standard review plans

(SRP)) to support risk-informed regulation in 1998:

a Regulatory guide RG-1.174, "An Approach for Using Probabilistic Risk Assessment in

Risk-Informed Decisions on Plant-Specific Changes to the Licensing Basis," and its

companion SRP, Chapter 19,

* Regulatory guide RG-1.175, "An Approach for Plant-Specific, Risk-Informed, Decision

Making: Inservice Testing" and its companion SRP, Chapter 3.9.7,

* Regulatory guide RG-1.176, "An Approach for Plant-Specific, Risk-Informed, Decision

Making: Graded Quality Assurance," and

* Regulatory guide RG 1.177, "An Approach for Plant-Specific, Risk-Informed, Decision

Making: Technical Specifications" and its companion SRP, Chapter 16.1.

The regulatory guide (RG) and standard review plan (SRP) for risk-informed inservice

inspection were not available when Revision 1 of WCAP-14572 was prepared. A trial use

regulatory guide and SRP for risk-informed ISI (RG-1.178 and SRP, Chapter 3.9.8) were issued

in October 1998.

The RGs/SRPs describe an approach that, according to SECY 97-077 (NRC, 1997), "preserves

existing fundamental principles of reactor safety" (such as the defense-in-depth philosophy),

includes an integrated review of the safety implications of proposed changes to a plant's

licensing basis (including where safety improvement, as well as burden reduction, are

appropriate), and ensures protection of public health and safety. Accordingly, in the long term,

it is expected that the application of this approach will result in improved reactor safety, not just

burden reduction. In addition, in the longer term the approach and guidelines proposed in the
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RG/SRPs could provide the foundation for the application of risk insights in other regulatory

activities (i.e., both plant specific and generic actions).'

SECY 97-077 further states:

"Since this guidance supports implementation of a policy statement, it is by its very

nature voluntary for licensees and is not considered a backfit. However, to encourage

their use, the staff intends to give priority to applications for burden reduction that use

risk information as a supplement to traditional engineering analyses. All applications

that improve safety will continue to receive high priority."

The guidelines proposed "would permit only small increases in risk and then only when it is

reasonably assured, among other things, that sufficient defense in depth and safety margins are

maintained. This practice is proposed because of the uncertainties in PRA and to account for

the fact that safety issues continue to emerge regarding design, construction, and operational

matters notwithstanding the maturity of the nuclear power industry. In addition, limiting risk

increases to small values is considered prudent until such time as experience is obtained with

the methods and applications discussed in the proposed RGs/SRPs..."

According to SECY 97-077, key principles represent fundamental safety practices which the

staff believes must be retained in any change to a plant's licensing basis to maintain reasonable

assurance that there is no undue risk to public health and safety. Each of these principles is to

be considered in the integrated engineering analysis and decision making process.

The approach described in each of the RGs/SRPs has four basic elements shown in Figure 1.4-1.
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The four basic elements are:

1. Define the proposed change

This element includes identifying 1) those aspects of the plant's licensing bases that may

be affected by the change; 2) all systems, structures and components (SSCs), procedures

and activities that are covered by the change and consider the original reasons for

inclusion of each program requirement; and 3) any engineering studies, methods, codes,

applicable plant-specific and industry data and operational experience, PRA findings,

and research and analysis results relevant to the proposed change.

2. Perform engineering analysis

This element includes performing the evaluation to show that the fundamental safety

principles on which the plant design was based are not compromised (defense-in-depth

attributes are maintained) and that sufficient safety margins are maintained. The

engineering analysis includes both traditional deterministic analysis in addition to

probabilistic risk assessment. The evaluation of risk impact should also assess the

expected change in core damage frequency and large early release frequency, including

a treatment of uncertainties. The results from the traditional analysis and the

probabilistic risk assessment must be considered in an integrated manner when making

a decision.

3. Define implementation and monitoring program

This element's goal is to assess SSC performance under the proposed change by

establishing performance monitoring strategies to confirm assumptions and analyses

that were conducted to justify the change. This is to ensure that no unexpected adverse

safety degradation occurs because of the changes. Decisions concerning

implementation of changes should be made in light of the uncertainty associated with

the results of the evaluation. A monitoring program should have: measurable

parameters, objective criteria, and parameters that provide an early indication of

problems before becoming a safety concern. In addition, the monitoring program

should include a cause determination and corrective action plan.
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4. Submit proposed change

This element includes: 1) carefully reviewing the proposed change in order to

determine the appropriate form of the change request; 2) assuring that information

required by the relevant regulation(s) in support of the request is developed; and

3) preparing and submitting the request in accordance with relevant procedural

requirements.

Five fundamental safety principles are described which each application for a change in the

licensing basis should meet. These are shown in Figure 1.4-2.

The principles are:

1. The proposed change meets the current regulations unless it is explicitly related to a

requested exemption or rule

The proposed change is evaluated against the current regulations (including the general

design criteria) to either identify where changes are proposed to the current regulations

(e.g., technical specification, license conditions and FSAR) or where additional

information may be required to meet the current regulations.

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

Defense-in-depth has traditionally been applied in reactor design and operation to

provide a multiple means to accomplish safety functions and prevent the release of

radioactive material. As defined in the regulatory guide RG-1.174, defense-in-depth is

maintained by assuring that

* a reasonable balance among prevention of core damage, prevention of

containment failure, and consequence mitigation is preserved

* over-reliance on programmatic activities to compensate for weakness in plant

design is avoided

* system redundancy, independence, and diversity are preserved commensurate

with the expected frequency and consequences to the system (e.g., no risk

outliers)
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Change meets current
regulations unless it is
explicitly related to a
requested exemption or
rule change.

Change is consistent
with defense-in-depth
philosophy.
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Use performance-
measurement
strategies to monitor
the change.

Proposed increases in
CDF or risk are small
and are consistent with
the Commission's Safety
Goal Policy Statement.

(from NRC regulatory guide RG-1 .174)

Figure 1.4-2 Principles of Risk-Informed Regulation (from NRC regulatory guide 1.174)
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defenses against potential common cause failures are preserved and the potential

for introduction of new common cause failure mechanisms is assessed

independence of barriers is not degraded (the barriers are identified as the fuel

cladding, reactor coolant pressure boundary, and containment structure)

* defenses against human errors are preserved.

3. Maintain sufficient safety margins.

Safety margins must also be maintained. As described in regulatory guide RG-1.174,

sufficient safety margins are maintained by assuring that:

codes and standards or alternatives proposed for use by the NRC are met or

deviations are justified

* safety analysis acceptance criteria in the CLB (e.g, FSAR, supporting analysis)

are met, or proposed revisions provide sufficient margin to account for analysis

and data uncertainty

4. Proposed increases in CDF or risk, are small and are consistent with the Commission's

Safety Goal Policy Statement.

To evaluate the proposed change with regard to a possible increase in risk, the risk

assessment should be of sufficient quality to evaluate the change. The expected change

in core damage frequency (CDF) and large early release frequency (LERF) are evaluated

to address this principle. An assessment of the uncertainties associated with the

evaluation is also conducted. Additional qualitative assessments are also performed.

S. Use performance-measurement strategies to monitor the change.

Performance-based implementation and monitoring strategies are also addressed as part

of the key elements of the evaluation as described previously.

These key elements and principles are addressed in the report as identified in Table 1.4-1. A

short discussion of how these key elements and principles are met is also provided.
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Table 1.4-1
RELATION OF WCAP TO NRC REGULATORY GUIDE RG-1.174

STEPS AND PRINCIPLES

WCAP
Key Steps/Principle Section | Comments

Key Step

Define the proposed change 1.1 The proposed change applies to Class 1, 2, and 3
systems currently in the scope of ASME Section XI,
systems identified through the plant PSA, or
systems identified through the Maintenance Rule
application. It provides an alternative inspection
location selection method for NDE and does not
affect current Owner-defined augmented programs.

Perform engineering analysis 3 Probabilistic and deterministic engineering analyses
are performed and integrated through the use of a
plant expert panel in the decision making to define
the high and low safety significant segments.
Engineering inputs are used to select the inspection
locations and methods and a statistical model is
used to determine how many locations must be
inspected to meet certain confidence and reliability
goals.

Define implementation and 4 Implementation is done consistent with the
monitoring program requirements of the ASME Code Section XI. A

monitoring, feedback and corrective action program
is discussed.

Submit proposed change 1.1 Each licensee that follows the process and methods
outlined in this topical will submit their proposed
change at the time they perform a risk-informed ISI
program.
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Table 1.4-1 (cont)
RELATION OF WCAP TO NRC REGULATORY GUIDE RG-1.174

STEPS AND PRINCIPLES

I WCAP l
Key Steps/Principle Section Comments

Key principles

The proposed change meets the 1.1 The proposed change is an alternative to the
current regulations unless it is ASME Section Ha Code as referenced by 10CFR
explicitly related to a requested 50.55a(a)(3)
exemption or rule change

Change is consistent with 3.7,4 Inservice inspection is a defense-in-depth program
defense-in-depth philosophy in itself that is enhanced by focusing examination

locations for specific postulated failure
mechanism(s) in high safety significant piping
segments; all piping systems in scope receive
pressure testing and visual examinations. No
changes to the plant design are being made with
this change.

Maintain sufficient safety margins 3.7 The use of the Perdue statistical model, which is
based on the evaluation of potential flaws and
leakage rates that are precursors to piping failure
leading to the postulated consequences, assures
that safety margins are maintained. No changes to
the evaluation of design basis accidents in the
FSAR are being made by this change.

Proposed increases in CDF or 3.6,3.7,4.4 Risk-informed ISI is, as a minimum, a risk neutral
risk, are small and are consistent application and should result in a risk reduction
with the Commission's Safety
Goal Policy Statement.

Use performance-measurement 4 The implementation of the risk-informed ISI
strategies to monitor the change. program is over a 10 year interval with

examinations scheduled each period. The current
ASME Code monitoring program is adopted and
plant specific corrective action programs are in
place.
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SECTION 2

BACKGROUND

This section describes the background and other industry activities associated with applying

risk-informed methods to inservice inspection.

2.1 CURRENT ASME CODE REQUIREMENTS

The current inspection requirements for nuclear components are found in the ASME Boiler and

Pressure Vessel Code (BPVC) Section XI. The ASME BPVC Section Xl was originally based on

pre-nuclear operating experience from the operation of boilers and pressure vessels in other

industries. It was developed based on expert opinion through a consensus process. Section Xa

currently requires the examination of three classes of components: Class 1, Class 2, and Class 3.

Class 1 components include piping and components whose failure would prevent orderly

reactor shutdown and cause a loss of coolant in excess of normal makeup capability. This

includes the principal fluid systems components of the reactor coolant pressure boundary heat

transfer loops and also includes portions meeting this criterion of the piping, fittings and valves

leading to connecting systems.

Class 2 components are associated with the reactor containment and include those valves and

components of closed systems used to effect isolation of the reactor containment atmosphere,

components of the reactor coolant pressure boundary not covered in Class 1 and safety system

components of the following: residual heat removal system, portions of the reactor coolant

auxiliary systems that form a reactor coolant letdown and makeup loop, reactor containment

heat removal systems, emergency core cooling system including injection and recirculation

portions, air cleanup systems used to reduce radioactivity within the reactor containment,

containment hydrogen control system and portions of the steam and feedwater systems.

Class 3 components include safety system components. This includes portions of the reactor

auxiliary systems that provide boric acid, emergency feedwater system, portions of components

and process cooling systems (electrical and/or compressed air) that cool other safety systems

including the spent pool cooling system, on-site emergency power supply and auxiliary

systems, some air cleanup systems that reduce radioactivity released in an accident.
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The examination areas are based on stress and fatigue and include terminal ends, dissimilar

metal welds, and areas of high stress until a required percentage is achieved. The current

requirements for the different classes are:

* Class 1 piping systems - 25% welds examined every 10-year interval

* Class 2 piping systems - 7.5% welds examined every 10-year interval

* Class 3 piping systems - Only pressure test for leakage every 10-year interval

There are several examination techniques specified in the code. These are described below.

A visual examination of piping components is performed to determine the general conditions

(such as cracks, wear, corrosion, erosion or physical damage) of the part, component or surface

examined by direct or remote observation (VT-1), to search for evidence of leakage from

pressure retaining components, or abnormal leakage from components with or without leakage

collection systems (VT-2) and to assess the general mechanical and structural conditions of

components and their supports, such as the verification of clearances, seatings, physical

displacements, loose or missing parts, debris, corrosion, wear, erosion, or the loss of integrity at

bolted or welded connections (VT-3).

A direct visual examination requires a sufficient space to place the eyes within 24 inches from

the surface with an angle not less than 30 degrees from the surface. Mirrors or lenses can be

used to improve vision.

Remote visual examination using telescopes, optical fibers, cameras, television systems and

other instruments shall have a minimum resolution capability that cannot be less than that seen

by direct visual examination.

A visual examination is required to detect leakage during system pressure tests.
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A surface examination is performed to detect and size surface or near-to-surface flaws. It may

be conducted by either a magnetic particle (MT) or a liquid penetrant (PT) method, eddy

current, or other newly developed techniques.

A volumetric examination is performed to detect and size flaws throughout the volume of.

material. It may be conducted by radiographic (RT), ultrasonic (UT), eddy current, a

combination of methods or newly developed techniques.

Effectiveness of Current Requirements

The current ASME Section XI inspection programs require the selection of inspections primarily

based on "high (design) stress/high (design) fatigue" weld locations. This criterion was

developed about 20 years ago based on the information and experience that was available to

the engineers participating in the writing of Section XI of the ASME Code at that time.

Operating experience over the past 20 years, however, has shown that failures are not occurring

at these design-based locations. Rather, the failures are occurring at locations where

unanticipated and unusual operating conditions have developed, such as, thermal striping

caused by back leakage through check valves, thermal stratification in sloping pipe systems

(e.g., the pressurizer surge line), flow-assisted corrosion, and IGSCC. In addition, the

inspection locations originally defined implicitly assumed that all locations within a piping

dass had equal safety significance. The primary criteria for choosing locations was essentially

perceived failure frequency.

One ASME committee recently reported on the current inspection requirements for class 1

piping welds (category B-D. The following is extracted in part and in some instances directly

quoted from "Evaluation of Inservice Inspection Requirements for Class 1, Category -J

Pressure Retaining Welds in Piping," developed by the ASME Section XI Task Group on ISI

Optimization (ASME 1995).

'The current ASME BPVC Section Xa requirements for class 1 piping welds were

established in 1978. Inspection was focused on critical welds presumed to have the

highest potential of failure. Inspections were concentrated on terminal ends, dissimilar

metal welds, and welds with higher stress levels and fatigue usage factors. Twenty

years of service experience, however, has shown no correlation between the welds
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selected for examination using current criteria (Category B-J) and actual reported

problems. The majority of flaws found in Category B-J piping welds have been caused

by factors outside the scope of the current selection criteria (e.g., Intergranular Stress

Corrosion Cracking (IGSCC), thermal stratification). This is due in part to the fact that

stress analyses are dependent on design conditions such as seismic events more than

actual service conditions. A recent industry survey, which included 50 nuclear plants

representing 733 cumulative years of reactor operation, confirmed this conclusion. The

results are summarized as follows:

1) Of all the survey responses, only 156 Category B-J welds were found to contain

service induced flaws.

2) Of the 156 welds containing flaws, the degradation mechanism for 151 of them was

IGSCC. Only five welds had flaws attributed to other failure mechanisms.

3) Of the 156 welds containing flaws, 55 were detected by ASME Section XI

examinations. The remaining were detected by augmented methods (i.e., U.S.

Nuclear Regulatory Commission requirements), visual inspections or leakage.

4) Two of the welds contained flaws caused by "general corrosion" because boric acid

from a different system had dripped onto the subject piping.

5) The total population of Category B-J welds addressed in this survey is 37,332.

Assumning 25% of the total population was inspected per ASME Section XI, the

number of welds inspected would be 9333. Using this number, the following

percentages can be calculated:

* 1.67% of the welds inspected contained flaws.

0.05% of the welds inspected contained flaws caused by a mechanism other

than IGSCC.

* 0.6% of the welds inspected were found to contain flaws by ASME Section Da

examinations.
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6) None of the flawed welds fell into the category of "high stress/high fatigue" welds.

Therefore, there is no apparent relationship between flaws detected and welds

selected for inspection due to high design stresses or high fatigue usage factor

considerations. (It is recognized that one of the contributing factors to this trend is

that many of the older plants cannot categorize by high stress/high fatigue locations

because their construction code ANSI B31.1.0 analysis of record is not location

specific.)

Given the twenty-plus years of operating nuclear power plant experience in the U.S.

and overseas, and the fact that no new plants or plant types, which may be prone to

some new degradation mechanism, are being placed in service, it is logical to ask

whether a more efficient and technically meaningful means of selecting welds for

inservice inspection is possible. Also, recent advances in risk-informed inspection

approaches have illustrated that the consequences of failure at a piping location, in

terms of threat to reactor safety, ought to play at least as important role in selecting

inspection locations as the probability of failure at that location."

This ASME report captures the need to reevaluate the current requirements if improved safety,

detection of flaws in components and optimization of critical resources are to be a reality. The

need for this improvement is self-evident as the utility industry comes nearer to market

deregulation in conjunction with continued safe operational requirements. The incorporation

of risk-informed technology into inservice inspection programs will benefit both the utility

industry and regulatory bodies in that the "mechanical integrity" of plant components utilizing

risk-informed methods in performing inservice inspections will be more accurately known.

The utility industry and regulatory bodies will be better able to deal with "aging and life-

extension" than under today's rules. In addition, both the regulatory bodies and utility industry

will be able to better focus and allocate limited resources to the high-safety significant

components. Utilities should experience a reduction in plant operating and maintenance costs

associated with risk-informed inservice inspection while maintaining a high level of safety.
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2.2 ASME RISK-BASED RESEARCH AND CODE EFFORTS

The ASME has recognized the need for the use of risk-informed methods in the formulation of

policies, codes and standards. In 1985, under the direction of the ASME Council on

Engineering, a Risk Analysis Task Force was formed to provide recommendations on how this

need could be met.

At the suggestion of the Risk Analysis Task Force, the ASME Codes and Standards Research

Planning Committee recommended in 1986 that a research program be initiated to determine

how risk-informed methods could be used to establish inspection requirements and guidelines

for systems and components of interest to the engineering community. Beginning in late 1988, a

multi-disciplined ASME Research Task Force on Risk-Based Inspection Guidelines has been

evaluating and integrating these technologies in order to recommend and describe appropriate

approaches for establishing risk-based inspection guidelines. The task force is comprised of

members from private industry, government, and academia representing a variety of industries.

Figure 2.2-1 shows the relationship of this ASME research program to the ASME Code.

The research task force published its first document titled, "Risk-Based Inspection -

Development of Guidelines, Volume 1, General Document" (ASME 1991). This document

describes general risk-based processes and methods that can be used to develop inspection

programs for any industrial facility or structural system. Specific applications of this general

methodology to particular industries have been addressed by a subsequent series of

supplemental volumes. Volume 2 - Part 1, which is the first document of this series, is directed

to the inspection of light water reactor nuclear power plant components (ASME 1992).

Volume 3 (ASME 1994) addresses the inservice inspection of components in fossil fuel-fired

electric power generating stations and includes numerous examples from several applications.

The NRC, as part of the research effort, applied this technology in pilot studies of inspection

requirements for both PWR and BWR plant systems (NUREG/CR-6151, Vo et al., 1994).

Virginia Power's Surry Unit 1 was studied in more detail regarding the effectiveness of ASME

Section XI inspections versus a risk-based inspection approach (NUREG/CR-6181, Vo et al.,

1994). The Surry study evaluated selected nuclear steam supply and balance of plant piping

systems and components.
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At a review meeting in June 1994, U.S. NRC senior management requested the ASME Research

Task Force to make the risk-informed ISI process consistent with other PSA applications.

Building on the Surry study results, the use of risk-importance measures and review by a plant

expert panel were included to enhance the risk-informed ISI process. This revised process,

which is being further enhanced in this WOG plant application, has been incorporated into a

Volume 2 - Part 2 ASME Research Document (ASME, 1998), along with other research

developments to make comprehensive recommendations to ASME Section XI.

ASIVIE Section DI has formed a Working Group on Implementation of Risk-Based Examination

to begin making Code changes based on risk for inservice inspection of passive, pressure

boundary components. The first efforts of this organization have been to develop Code Cases

providing risk-informed selection rules for Class 1, 2, and 3 piping. The ASME research work

and industry applications of the technology have been used to support this Code development

effort.

In order to allow for trial application of this technology, the ASME Board on Nuclear Codes and

Standards (BNCS) voted and approved that Code Cases provide an efficient and effective way

to begin implementation in a voluntary manner prior to incorporation into the ASME Boiler

and Pressure Vessel Code. During 1997, the ASME BNCS balloted and approved Code

Case N-577, "Risk-Informed Requirements for Class 1, 2, and 3 Piping, Method A, Section XI,

Division 1," which incorporates the method recommended by the ASME Research Task Force on

Risk-Based Inspection Guidelines and evaluated in the WOG plant applications. The ASME

BNCS also balloted and approved Code Case N-578, 'Risk-Informed Requirements for Class 1,

2, and 3 Piping, Method B, Section XI, Division 1," which incorporates a method recommended

by the Electric Power Research Institute (EPRI). Both Code Cases were developed by the ASME

Section XI Working Group on Implementation of Risk-Based Examination and have undergone

the multiple levels of review and approval required by the consensus standard process.

The appendix to Code Case N-577 describes the risk-informed process, and its contents are

outlined in Table 2.2-1 for reference. The WOG risk-informed ISI process is a detailed

application within the framework in ASME Code Case N-577, particularly in the Millstone

Unit 3 and Surry Unit 1 plant studies discussed in this Topical Report. Therefore, the process

methods and plant applications presented in this WOG Topical Report meet the intent of ASME

Code Case N-577.
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Table 2.2-1
CODE CASE N-577 OUTLINE OF THE RISK-INFORMED PROCESS (NOTE 1)

1.0 Introduction and Scope

2.0 Expert Panel Requirements

3.0 Boundary Requirements

3.1 Boundary Identification

3.2 Use of the Applicable PSA

3.3 Adequacy of the Applicable PSA

4.0 Risk-Informed Process

4.1 General

4.2 Quantitative Approach

4.2.1 General

4.2.2 Risk Importance Measures

4.2.3 Selection of Systems

4.2.4 Piping Segment Risk Ranking and Selection

4.2.5 Calculate Piping Segment Risk Importances

(a) Piping Segment

(b) Failure Mode

(c) Failure Probability

(d) Failure Consequence

(e) Recovery Action

(f) Core Damage Frequency

(g) Piping Segment Importances

4.2.6 Select More-Safety-Significant Piping Segments

4.2.7 Process for Ranking and Selecting Piping Structural Elements

4.2.8 Piping Structural Element Importance

4.2.9 Select More-Safety-Significant Piping Structural Elements

4.2.10 Location and Examination Method Determinations

5.0 Re-evaluation of Risk-Informed Selections

6.0 Use of other Piping Inspection Methods

Note 1: The Code Case uses the terminology "more-safety-significant" while this report uses the

terminology 'high safety-significant."
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2.3 INDUSTRY ACTIVITIES

The nuclear industry recognizes that the current operational, regulatory, and economic

environment in the United States presents a unique opportunity to apply probabilistic risk

assessment (PRA) or probabilistic safety assessment (PSA) technology. Risk-informed

technology provides unique tools that can aid in focusing resources more effectively in areas of

true safety significance. Industry experience indicates that utilities have the potential to

enhance safety while lowering overall operation and maintenance (O&M) costs through the

utilization of insights obtained from routine application of risk-informed technology processes.

To this end, the Nuclear Energy Institute (NEI) worked with EPRI to develop a PSA

Applications Guide (EPRI 1995) to enhance and expand such processes.

EPRI PSA Applications Guide

As stated in the executive summary of the EPRI guide, "the purpose of the PSA Applications

Guide is to provide utilities with guidance on the preparation, utilization, interpretation, and

maintenance of plant-specific PSAs for regulatory and non-regulatory applications. The intent

of this guide is to provide a framework, within which PSA methodologies can be used to

address regulatory and non-regulatory issues associated with plant safety. This guide is general

in nature and does not focus on any one application or application type. In this regard, the

guide is intended to provide the overall framework within which utility and industry PSA

applications can be developed and evaluated." The EPRI PSA Applications Guide suggested

criteria for risk-significance is shown in Table 2.3-1.

Nuclear Energy Institute Risk-Informed Inspection Task Force

In January 1995, the Nuclear Energy Institute (NEI) formed a Risk-Informed Inservice

Inspection and Inservice Testing (ISI/IST) Task Force, comprised of industry representatives.

The mission of the task force is to assist NEI in coordination of industry development of

performance and risk-informed methodologies and implementation of an industry regulatory

plan for ISI1/ST. The goals of the task force are to "support development of methodologies for

ISVI/ST that are amenable to performance and risk-informed concepts and to support

development and implementation of a regulatory plan for resolution of generic performance

and risk-informed ISIA/ST." The WOG is represented on this task force.

o:\4393\VersionA\4393-2.doclb-020399 24



Table 2.3-1
EPRI PSA APPLICATIONS GUIDE

GENERAL APPROACH TO OVERALL
RISK SIGNIFICANCE DETERMINATION

Risk Importance Measure Criteria

Risk Reduction Worth (RRW)

* System Level > 1.05

* Component Level > 1.005

Fussell - Vesely Importance (F-V)

* System Level > 0.05

* Component Level > 0.005

Risk Achievement Worth (RAW) > 2

(Component/Train Level)

Maintenance Rule

The Maintenance Rule and the supporting industry guideline document provide the first true

application of risk-informed technology in the regulatory process and provides an excellent

foundation and starting point for the application of risk-informed methods to select locations

for piping inservice inspection.

As stated in NRC Regulatory Guide 1.160 (NRC 1993), the NRC published the maintenance rule

on July 10, 1991, as Section 50.65, "Requirements for Monitoring the Effectiveness of

Maintenance at Nuclear Power Plants," (NRC 1991). The NRC's determination that a

Maintenance Rule was necessary arose from the conclusion that proper maintenance is essential

to plant safety.

10CFR50.65 requires that power reactor licensees monitor the performance or condition of

structures, systems, and components (SSCs) against licenseeestablished goals in a manner

sufficient to provide reasonable assurance that such SSCs are capable of fulfilling their intended

functions. Such goals are to be established commensurate with safety and, where practical, take
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into account industry-wide operating experience. When the performance or condition of an

SSC does not meet established goals, appropriate corrective action must be taken.

Performance and condition monitoring activities and associated goals and preventive

maintenance activities must be evaluated at an interval associated with every refueling outage

(but not to exceed 2 years), taking into account, where practical, industry-wide operating

experience.

An industry document, "Industry Guideline for Monitoring the Effectiveness of Maintenance at

Nuclear Power Plants," NUTMARC 93-01 (NUMARC 1993), was developed by the NUMARC'

Maintenance Working Group, Ad Hoc Advisory Committees for the Implementation of the

Maintenance Rule, and an Ad Hoc Advisory Committee for the Verification and Validation of

the Industry Maintenance Guideline. The NUMARC 93-01 industry guide was endorsed by the

NRC in Regulatory Guide 1.160, "Monitoring the Effectiveness of Maintenance at Nuclear

Power Plants" (NRC, 1993).

As stated in NUMARC 93-01, "this industry guideline has been developed to assist the industry

in implementing the final Maintenance Rule and to build on the significant progress, programs

and facilities established to improve maintenance. The guideline provides a process for

deciding which of the many SSCs that make up a commercial nuclear power plant are within

the scope of the Maintenance Rule. It then describes the process of establishing plant-specific

risk significant and performance criteria to be used to decide if goals need to be established for

specific structures, systems, trains and components covered by the Maintenance Rule that do

not meet their performance criteria.

As of July 10,1996, all SSCs that are within the scope of the Maintenance Rule will have been

placed in (a)(2) (of 10CFR50.65) and be part of the preventive maintenance program. To be

placed in (a)(2), the SSC will have been determined to have acceptable performance. In

addition, those SSCs with unacceptable performance will be placed in (a)(1) with goals

established. This determination is made by considering the risk significance as well as the

The Nuclear Management and Resource Council (NUMARC) has since been integrated with other industry
organizations to become the Nuclear Energy Institute (NEI).
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performance of the SSCs against plant-specific performance criteria. Specific performance

criteria are established for those SSCs that are either risk significant or standby mode; the

balance are monitored against the overall plant level performance criteria."

In general, most utilities have completed identification of risk significant SSCs by exercising the

PSA models that were initially used to meet the generic IPE requirements of NRC Generic

Letter 88-20. The total contribution to core damage frequency (CDF) and large early release

frequency (LERF) are used as a basis for establishing plant-specific risk significant criteria.

The NUMARC 93-01 suggested criteria for the determination of risk-significance are:

* Risk-Reduction Worth (RRW) of greater than 1.005

* Risk-Achievement Worth (RAW) of greater than 2

* Components included in cutsets that cumulatively account for about 90 percent of the

core damage frequency.

Expert Panel. When the PSA is utilized for the Maintenance Rule application, a panel of

individuals experienced with the plant PSA and with operations and maintenance (usually

from the utility) is also used in the decision-making process. The panel utilizes their expertise

and PSA insights to develop the final list of risk significant systems. NUREG/CR-5424,

"Eliciting and Analyzing Expert Judgement," (Meyer and Booker 1989) is used as a guideline in

structuring the panel. The panel's judgments usually consider the risk achievement worth and

risk reduction worth risk importance calculational methods shown previously and further

described in Sections 9.3.1.1 and 9.3.1.3 of NUMARC 93-01. Each method is useful in providing

insights into selecting those SSCs that will be included in the maintenance rule and

consideration is given to using both of them in the decision-making process.

The use of the expert panel process compensates for the limitations of PSA implementation

approaches resulting from the PSA structure and limitations in the meaning of the importance

measures. The expert panel process that is used for the Maintenance Rule should also be used

for the risk-informed ISI application. However, additional experts should be considered,
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particularly those cognizant of current ISI requirements, component failure data, and results of

any previously performed inservice inspections or maintenance.

2.4 NRC ACTIVITIES

The Nuclear Regulatory Commission has been working to develop a framework for the

expanded use of probabilistic risk analysis (PRA) methods in NRC's reactor regulatory activities

to improve safety decision making and improve regulatory efficiency in order to respond to the

Staff Requirements Memorandum dated June 30, 1995, requesting that the staff complete such a

framework and to provide a status of PRA standards development efforts. The NRC issued a

policy statement on the use of PRA in August 1995 which encouraged greater use of PRA (NRC,

1995). The NRC, in conjunction with the policy statement, also developed a PRA

Implementation Plan (NRC, 1997).

The PRA Implementation Plan defines NRC staff efforts to convert the conceptual structure of

the PRA Policy Statement into practical guidance for staff uses of PRA in reactor regulation.

One aspect of the Plan is the development of "... a risk-based regulatory framework."

The purpose of the framework is to provide a general structure to ensure consistent and

appropriate application of PRA methods. The NRC staff has identified the principal parts of

this framework, including: identifying regulatory applications amenable to expanded use of

PRA, addressing deterministic considerations, addressing probabilistic considerations, and

integrating these elements. According to the NRC, the first two parts are relatively well

established. The principal focus of the staff's efforts is development of the probabilistic

considerations and integration of the deterministic and probabilistic portions. To accomplish

this, the staff has developed a six step process. The steps include: identifying specific

applications, conducting pilot programs, developing and documenting an acceptance process

and criteria, making near-term regulatory decisions, developing formal PRA standards, and

making long-term modifications to regulations (if necessary).
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In an internal memo to NRC EDO dated November 30,1995, NRC Chairman Shirley Ann

Jackson states (in part):

"Based upon information which I have reviewed and the briefings which I have received

since joining the Nuclear Regulatory Commission, I believe that improvements are

needed in NRC review and utilization of probabilistic risk assessment (PRA) ... With

respect to PRA, these improvements will ensure thorough review as well as consistent

and appropriate application of such methods, and will focus the agency's resources and

regulations on those issues most important to safety.... In the area of PRA, Chairman

Jackson requested: "development of a standard review plan [SRP] for use by the NRC

staff in conducting reviews of industry-generated IPEs, IPEEEs, and PRAs for use in

regulatory decision-making. This SRP should contain standards by which the quality

and extent of acceptability for regulatory purposes of the PRAs would be judged by the

NRC. Chairman Jackson's objective in developing an SRP is to ensure that the NRC has

standards that are both broad in scope and generally applicable to whatever use PRAs

may be put while also be sufficiently useful for systems-specific PRAs such as ISI/IST,

Quality Assurance, Technical Specifications, Risk Informed Inspections, etc.... Since I

believe this is a very important task for this agency to accomplish, given the current

volume of PRA work in the nuclear industry and NRC's lengthy corporate experience in

this area, I want to establish an overall goal of two years for completion of this task with

quarterly written status reports and NRC staff progress briefings to the Commission

every six months...."

As a result of this memo, the term "risk-informed" has come to imply that decisions are based

on risk insights along with deterministic and licensing basis information. This can be

contrasted to the term "risk-based" whidh implies that final decision criteria are based solely on

absolute risk values. This process is now being applied to a number of regulatory applications,

including: Maintenance Rule implementation, motor-operated valve testing associated with

Generic Letters 89-10 and 96-05, inservice testing, risk-informed technical specifications, graded

quality assurance, and inservice inspection.

As discussed in section 1.4, the NRC issued as draft and then finalized regulatory guides and

standard review plans for inservice testing, risk-informed technical specifications, and graded
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quality assurance along with the general regulatory guide and standard review plan to provide

the overall framework for risk-informed applications.

With regard to risk-informed inservice inspection, the NRC developed guidance for this

application issued as draft in October 1997 and then issued for trial use as RG-1.178 in 1998.
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SECTION 3

APPLICATION OF RISK-INFORMED METHODS TO ISI

This section describes the process and how it was applied to the representative WOG plant and

the Surry pilot plant.

3.1 OVERVIEW

The overall recommended risk-informed inservice inspection process (as defined by ASME

Research) includes four major parts as shown in Figure 3.1-1. The four major parts of the

process shown in Figure 3.1-1 include:

Scope Definition - Definition of system boundaries and success criteria using a plant

PSA that was initially developed to meet Individual Plant Examination (IPE)

requirements by the Nuclear Regulatory Commission (NRC 1988);

* Risk Ranking - ranking of components into high safety-significant and low safety-

significant categories, by applying risk importance measures and deterministic insights

with the plant expert panel making the final selection of where to focus ISI resources;

ISI Program Development - determination of an effective ISI program that defines

when and how to appropriately inspect the two categories of components; and

* Perform ISI - performance of the ISI program to verify component reliability and then

updating the risk rankings and/or inspection methods based on the inspection results.

The above process can also be applied to inservice testing as shown on the figure. This report

focuses on the identification of where to inspect, the inspection methods, number of inspections

required, and the development of an effective monitoring and feedback process.
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MAINTENANCE RULE

IDENTIFY SYSTEMS

FAILURE DATAI
EXPERT OPINION

RISK IMPORTANCE
MEASURES

DETERMINISTIC / OPERATIONAL
INSIGHTS

NDE I TEST METHOD
EFFECTIVENESS
STRUCTURAL REUABILITY
ANALYSIS
EXPERT OPINION
DECISION ANALYSIS I
VALUE - IMPACT
INSPECTION & TESTING
DETERMINISTIC I OPERATIONAL
INSIGHTS

COMPONENT

RANKINGS

EXPERT PANEL

I

WHERE TO FOCUS
- ISI AND IST
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ISI / IST
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DEVELOPMENT

COMPONENT.
ISI I IST TEAM

WHEN. AND HOW
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RELIABILITY

| ,RETURN TO ABOVE BLOCKS,
AS APPROPRIATE

ISI - INSERVICE INSPECTION
IST - INSERVMCE TESTING

NDE - NON-DESTRUCTVE EX)MINATION

Figure 3.1-1 General ASME Research Risk-Informed Inservice Inspection and Testing
Process
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3.1.1 Overall Process

The overall risk-informed ISI process that has been used in the WOG plant applications is

shown in Figure 3.1-2. The process involves the following steps:

Scope Definition - The fluid systems contained in the plant, modeled in the PSA and

considered as risk-significant for the Maintenance Rule, are identified and compared

with the current classifications and required ISI examinations, and with the existing

stress analyses (if available). This review, along with other plant documentation, is used

to determine which systems/classes, or portions of systems/classes, should be

evaluated as part of the risk-informed ISI process. Given that system boundaries

involve system functions and may also involve interfaces between different types of

systems, the definition of these boundaries requires a careful, logical approach. All

interfaces must be identified to ensure that there is consistency between the defined

boundaries, when viewed from the systems on either side of each boundary, and that no

safety functions are overlooked.

Segment Definition - This task involves the development of piping segments for the

risk-ranking. A piping segment is defined as a portion of piping for which a failure at

any point in the segment results in the same consequence (e.g., loss of a system, loss of a

pump train, etc.) and includes piping structural elements between major discontinuities

such as pumps and valves.

Consequence Evaluation - The consequences given the failure of a piping segment are

identified through PSA insights, engineering evaluations and plant design and

operations review. Consequences that must be considered include both direct effects

(failure of a train in which the piping segment is contained) and indirect effects (such as

those due to flooding, pipe whip, or jet impingement).

Failure Probability Assessment - The task of estimating component failure

probabilities for each piping segment can be challenging. In most cases though,

consideration of failure probabilities, however uncertain their estimated values, leads to

more effective allocation of inspection resources compared to present practices.
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Although absolute values of failure probabilities may have large uncertainties, the

relative values (e.g., from location to location in a given piping system) are generally

better known. Structural reliability/risk assessment (SRRA) models, based on

probabilistic structural mechanics methods, are used to estimate failure probabilities for

important components.

Risk Evaluation - This task is to identify and prioritize the important components (or

pipe segments). The approach calculates the relative importance for each component

within the systems of interest. This risk-importance is based on the core damage

frequency (and large early release frequency, if available) resulting from the structural

failure of the component in a given segment and the total pressure boundary core

damage frequency. The results are then used to calculate the risk-importance for each

segment within the system.

* Expert Panel Categorization - An expert panel (such as the expert panel used for the

Maintenance Rule supplemented by appropriate ISI-related disciplines) evaluates the

risk-informed results and makes a final review to determine the high safety-significant

pipe segments for ISI.

* Element/NDE Selection - The identification of potential inspection locations within

each high safety-significant pipe segment is obtained by a further review of the

structural elements and postulated failure mechanisms. The output of the process

defines the structural elements selected for inspection. The method and frequency of

the inspection is then determined by a focused ISI team comprised of materials, ISI and

NDE expertise. The selections are then reviewed and approved by the expert panel.

* Implement Program - the risk-informed ISI program is implemented by changing any

plant documents, procedures, etc.

* Feedback Loop - a reevaluation is performed periodically based on changes such as:

1) plant design and operational changes; 2) industry experience, 3) plant ISI experience,

4) plant PSA model changes. This allows for shift of emphasis to areas of concern over

time.
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3.1.2 Use of the EPRI PSA Applications Guide

To support risk-informed ISI analyses, the PSA should reflect the current plant configuration

and operational practices. A full-power Level 1 and Level 2 PSA focused on the internal events

scenarios is reconmmended. However, it is recognized that not all plants have a Level 2 PSA that

can be used to determine LERF and thus may have to evaluate LERF using qualitative

deterministic methods and through the plant expert panel. External events and shutdown PSA

models are not necessary for this application as these insights can be derived through

qualitative evaluations and through the plant expert panel. A thorough internal flooding

evaluation provides a good foundation for the examination of indirect (spatial) effects, which

are considered as part of the risk-informed ISI process.

In addition, the PSA must be fundamentally sound. This is determined by applying the

"Checklist for Technical Consistency in a PSA Model," Appendix B of the EPRI PSA

Applications Guide. The intent of the checklist is to ensure that the PSA "conforms to the

industry state-of-the-art with respect to completeness of coverage of potential scenarios." If the

plant PSA falls outside the responses to these questions, a plant-specific justification should be

documented such that information is identified during the application and considered as part

of the plant expert panel's categorization.

No modifications to the plant PSA are envisioned for the application of the risk-informed ISI

process.

The EPRI PSA Applications Guide, as discussed in Section 2, provides the framework and

guidance on using PSA for applications. The application of risk-informed ISI is built from PSA

modeling efforts used initially to meet NRC IPE requirements and within the framework

outlined in the EPRI PSA Applications Guide. The guide discusses some specific questions and

considerations, which are addressed prior to a specific PSA application, in three areas:

Application Planning, Analysis, and Results Interpretation. General guidance is also presented

for PSA Maintenance and Updates that is necessary for risk-informed ISI applications. With

respect to the guide, the following phases are considered for risk-informed ISI.
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Application Planning

The first phase involves problem definition, scope assessment, and identification of the figures

of merit to be used in the quantitative analysis. Each element is described below in relation to

risk-informed ISI.

* Problem Definition - PSA can be used in the ranking or prioritization of components

(including pipe segments) and structural elements for ISI to identify where resources

should be focused in order to justify a change to nuclear utility ISI plans. For ISI

ranking, the PSA is to be supplemented with further specific failure data (using

experience data sources, expert judgement, and/or structural reliability methods) to

represent pressure boundary failures which are not usually modeled in detail in current

PSA models. The change in ISI scope based on the PSA will be evaluated on a relative

basis toassess the degree of risk significance (importance) of components and structural

elements independent of any changes to the plant. However, the scope is to be updated

on a regular basis to reflect the results of inservice inspections, plant design or operation

changes, PSA model and data updates, and new industry findings, as appropriate. The

ISI ranking results are to also be reviewed by a utility expert panel (peer review group)

to include deterministic insights and to make the final prioritization.

* Scope Assessment - Since many U.S. plants do not have full scope PSAs (full Level 3

PSA), ISI ranking should initially focus on systems, components, and structural

elements involved in PSA internal event scenarios. External event scenarios (fires,

earthquakes, etc.) and shutdown considerations should be addressed by the expert

panel if external events and shutdown PSAs are unavailable. For pressure boundary

components that protect containment integrity, Level 2 PSA insights are to be addressed

in the ISI ranking of these components by explicit PSA modeling, if available, and the

expert panel.

* Figures of Merit - Core damage frequency (CDF) due to pressure boundary failures is

the preferred Level 1 PSA figure of merit and large, early release frequency (LERF) due

to pressure boundary failures is the preferred Level 2 PSA figure of merit. For risk-

informed ISI prioritization or ranking, two measures of risk importance have been
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found to be quite useful in characterizing risk properties in aiding decision-making.

The two measures are termed "Risk Achievement Worth" (RAW) and "Risk Reduction

Worth" (RRW). The risk achievement worth of a feature (system, component, or

structural element) is a measure of how the figure of merit (CDF or LERF) could increase

if the feature were guaranteed to fail at all times. The risk reduction worth is a measure

of how much the figure of merit could decrease if the feature were guaranteed to

succeed at all times.

Fussell-Vesely (F-V) Importance may be used in lieu of RRW because of the mathematical

relationship between the measures. The following relationship allows translation of F-V results

to RRW:

RRW =
l - (F-V))

Technical Analysis

The technical analysis phase contains three key aspects: assessment of the adequacy of the

PSA, establishing the cause and effect relationship associated with the change being evaluated,

and defining the overall technical approach.

Adequacy of PSA Model - Section 3.1 of the EPRI PSA Guide outlines a number of

guiding principles for a PSA application to be successful. The PSA model should

accurately reflect the current plant configuration and operational practices. For ISI

ranking, the PSA model or its results can be modified to represent pressure boundary

integrity failures, as previously noted. In addition, care must be taken in defining and

insuring agreement of system boundaries and definitions between the PSA and those

currently used in ISI plans.

The PSA model will need to assess and possibly incorporate plant design and operation

changes, results of inservice inspections and new industry findings, as appropriate.

Given that ISI plans are currently implemented over a 10-year interval, in general, this

should be considered as the longest response time for the PSA model for this

application. Shorter response times may be necessary for systems, components, and
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structural elements that have the potential to be subjected to aggressive degradation

mechanisms as identified in the risk-ranking process for ISI.

The assumptions and limitations of the base PSA can have a strong impact on the

overall risk-ranking results. The EPRI PSA Guide addresses this issue by providing a

checklist for technical adequacy in Appendix B of the guide which identifies the key

Level 1 internal events PSA elements that have been found in past PSA applications to

have the most significant potential for influencing results. Questions concerning the

quality of the PRA should be addressed on a plant-specific basis when applying this

methodology to modify a plant's ISI program. Internal and external peer reviews are a

utility's decision.

Establishing a Cause-Effect Relationship - A key step in performing the risk-ranking

of components and structural elements involves the identification of the portions of the

PSA affected by this ISI application. General guidance for determining elements of a

PSA that may need to be modified for successful application are provided as a list of

questions, which are grouped by PSA model element in Tables 3-1 and 3-2 of the EPRI

guide. Key general considerations regarding this cause-effect relationship for risk-

informed ISI are discussed below for Level-1, internal events PSAs (only for portions of

the PSA that are affected). However, these questions should be revisited by each user

because of variabilities in PSA models across the industry and if Level-2 or External

Events PSAs are going to be exercised for this application.

Initiating Events - The risk-informed ISI application requires the consideration of

component pressure boundary failures as initiating events throughout key plant

systems. While some industry failure rates have been established for pressure boundary

failures, focused effort is required to obtain failure probabilities at the component (or

pipe segment) level using existing failure data, expert opinion, and/or structural

reliability modeling.

System Reliability Models - This application may require the introduction of new

branches to represent components and pipe segments that have not been explicitly

modeled in the PSA. However, because pressure boundary failures are lows probability
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events, these failures may be simulated by including the pressure boundary failure

probability with the failure probability of an already-modeled component that would

result in the same impact on the system operation (i.e., same consequence), or using a

surrogate component.

Parameter Data Base - Failure probabilities for pressure boundary failures must be

obtained. This can be done via several methods including industry databases, expert

opinion/elicitation or structural reliability methods.

Human Reliability Analysis - Recovery actions may be necessary in order to isolate a

pressure boundary failure in order to mitigate or reduce the consequences. These

actions are treated on a case-by-case basis and an estimated failure probability is based

on discussions with the plant staff and calculated via human reliability techniques, if

necessary.

Quantification - This application requires the calculation of the core damage frequency

and large early release frequency (if available) due to pressure boundary failures and the

calculation of importance measures based on these frequencies.

Analysis of Results - This application uses an importance analysis to rank segments

based on pressure boundary failures and their consequences. Quantitative sensitivity

studies should be included in the evaluation.

Technical Approach - The risk-informed ISI application requires manipulation of the

PSA model to evaluate the figure of merit. The PSA model and/or results are used as

input to a model to determine the core damage frequency due to pressure boundary

integrity failures. These failures and their related consequences should be evaluated in

a realistic manner to obtain useful risk-ranking values for purposes of ISI.

A blended approach is used for the risk-informed ISI application. Reviews of

operational experience, engineering judgement, and/or structural reliability engineering

analyses are used to obtain pressure boundary integrity failure probabilities for use with

the evaluations using the PSA model. An expert panel is also utilized to review the PSA

risk-rankings and to make the final prioritization groups for ISI.
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Results Interpretation

The reporting and interpretation of PSA application results can be divided into three distinct

elements: qualitative assessment of results, quantitative assessment of results, and reporting

requirements.

Quantitative Criteria - The baseline piping pressure boundary failure PSA results can

be used to assess the degree of risk significance of components for purposes of inservice

inspection. The criteria in Table 4-2 of the EPRI Guide have been found to provide

useful results on a component level basis. However, one key modification should be

made for the risk-informed ISI piping application as follows.

The total CDF (and LERF) in the above risk significance evaluation should only account

for those associated with piping pressure boundary failures. If the total CDF (and

LERF) for all plant internal events is used, few, in any, of the pressure boundary

components will be high safety-sigrnficant. Thus, the PSA results will be useless in

helping to determine where to focus priorities for ISI. Modeling the piping pressure

boundary failures and then assessing the relative risk significance to a total CDF (and

LERF) related to just pressure boundary failures renders more meaningful results. In

other words, the PSA model has been used to assist in defining ISI programs that will

ensure that piping pressure boundary failures do not become major contributors to total

plant risk as a result of age degradation mechanisms. Risk-informed ISI programs will

help to keep the assumptions that piping pressure boundary failures are low probability

events valid in the PSA.

Table 3.1-1 summarizes criteria for risk significance determination for ISI. The table

includes appropriate criteria from Table 4-2 of the EPRI Guide and the above

modifications. Section 4.2.6 of the EPRI guide provides further discussion on the risk

importance measures for prioritization and ranking. This section also discusses the

combined ranking or prioritization of results when more than one figure of merit is

used.
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Table 3.1-1
APPROACH TO OVERALL RISK SIGNIFICANCE

DETERMINATION FOR ALTERNATIVE RISK-INFORMED
SELECTION PROCESS FOR INSERVICE INSPECTION(4

Risk Importance Measure Criteria*'
Pipe Segment Level

Risk Reduction Worth (RRWId) >1.005

Fussell-Vesely Importance (FVY" >0.005

(a) Adapted from EPRI PSA Applications Guide (EPRI 1995)'4*

(b) These criteria apply to the use of a total CDF (LERF),Nc which is the total core damage
frequency (or large early release frequency) attributed to pressure boundary failure in plant
piping systems.

(c) Piping failure probabilities are typically very small compared to other component failures
modeled in the PSA. When the failure probability is set to 1.0 for the RAW calculation, large
RAW values typically result. Therefore, the EPRI guideline classifying a segment as high
safety-significant for RAW values greater than 2 does not provide meaningful results. Instead,
the safety-significance determination focused on the RRW values, and RAW values were used
on a relative basis to help differentiate segments which had similar RRW values.

(d) RRW and FV are interrelated as shown by the equation:

RRW = I

and either measure can be applied.

* Oualitative Assessment - Section 4.3 of the EPRI Guide provides a general discussion

on the qualitative review of the results. Sensitivity studies are used to evaluate the

impacts.

* Reporting - Section 4.4 of the EPRI Guide outlines some minimum general practices for

documentation of a PSA application. Section XI of the ASME Boiler and Pressure Vessel

Code also defines requirements for records and reports that will apply in the

documentation of the process used to select ISI locations. A recommended process for

reporting requirements associated with a RI-ISI program is described in Section 4 of this

report.
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3.1.3 Representative WOG Plant

In order to apply the risk-informed ISI process, a plant was identified to apply this process.

Northeast Utilities volunteered the Millstone Unit 3 plant to be the representative WOG plant

for this application.

The Millstone Nuclear Power Station Unit 3 (MP3) is located on a site in the town of Waterford,

New London County, Connecticut, on the north shore of the Long Island Sound. The plant was

designed and constructed by Stone and Webster and features a PWR by Westinghouse Electric

Corporation and a turbine generator furnished by General Electric. It incorporates a 4-loop

closed-cycle type nuclear steam supply system (NSSS). The reactor is operated inside a

reinforced concrete containment structure maintained at a subatmospheric pressure

between 10.6 and 14.0 psia. The reactor core is designed for a warranted power output of 3411

MWt, which is the license application rating. This output, combined with the reactor coolant

pump heat output of 14 MWt, gives the NSSS warranted output of 3,425 MWt. The gross

calculated electrical output is approximately 1153 MWe.

The Millstone Unit 3 current ISI plan for the first 10-year interval consists of ASME Class 1, 2,

and 3 systems and components (and their supports) and was developed and has been updated

during the interval by giving due consideration to the following documents:

* 10CFR50.55a - Title 10: Code of Federal Regulations Part 50 Revised as of

January 1, 1995

* Section XI of the ASME Code, 1983 Edition through the Summer 1983 Addenda - Rules

for Inservice Inspection of Nuclear Power Plant Components

* Section XI of the ASME Code, 1983 Edition through the Winter 1985 Addenda - Rules for

Inservice Inspection of Nuclear Power Plant Components

* Section M of the ASME Code - Rules For Construction of Nuclear Power Plant

Components

* Section V of the ASME Code - Nondestructive Examination

USNRC Standard Review Plan (SRP 6.6, Section II-7)
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1-

* USNRC Regulatory Guides:

Regulatory Guide 1.14, Rev. 1, August 1975 - Reactor Coolant Pump Flywheel Integrity

Regulatory Guide 1.26, Rev. 3, February 1976 - Quality Group Classifications and

Standards for Water-, Steam-, and Radioactive Waste-Containing Components of

Nuclear Power Plants

Regulatory Guide 1.65, Rev. 0, October 1973 - Materials and Inspections for Reactor

Vessel Closure Studs

Regulatory Guide 1.83, Rev. 1 July 1975 - Inservice Inspection of Pressurized Water

Reactor Steam Generator Tubes

Regulatory Guide 1.147, Rev. 11, October 1994 - Inservice Inspection Code Case

Acceptability - ASME Section XI Division 1

Regulatory Guide 1.150, Rev. 1, February 1983 - Ultrasonic Testing of Reactor Vessel

Welds During Preservice and Inservice Examination

* Millstone Unit 3 FSAR

* Millstone Unit 3 PSI Inspection Plan (PSI-2.01)

* Millstone Unit 3 Technical Specifications

At present the unit is in the process of updating and developing the ISI plan for its second

10-year interval to the ASME Code Section XI, 1989 Edition. The ASME Code Section (I,

Editions and Addenda used for piping requirements in the first 10-year interval are essentially

the same as those now being referenced for the second 10-year interval. The following

paragraphs help explain the relationships in these requirements as they have been used in the

past and are currently being updated. Except for minor plant changes and some clarifications

in the requirements provided by current Code interpretations the ISI plans for the first and

second 10-year intervals as they relate to piping examinations will be the same.
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During the first 10-year interval, Class 1 examination requirements for piping were taken from

the ASME Code Section XI, 1983 Edition up to and including the Summer 1983 Addenda.

These Class 1 requirements are described under Table IWB-2500-1, Examination Category B-F,

Pressure Retaining Dissimilar Metal Welds and Examination Category B-J, Pressure Retaining

Welds in Piping. Other than some minor editorial changes in these tables all the requirements

are identical to the ASME Code 1989 Edition and the requirements state that the welds initially

selected during the first 10-year interval will be reexamined during the next 10-year interval

and are being scheduled accordingly.

Class 2 examination requirements for piping used during the beginning of the first 10-year

interval were originally taken from the alternative rules provided in Code Case N-408,

Alternative Rules for Examination of Class 2 Piping Section XI, Division 1 and later updated to

the ASME Code Section Xa, 1983 Edition with the Winter 1985 Addenda. Under this Code Case

and the Winter 1985 Addenda requirements both the Examination Category C-F-1, Pressure

Retaining Welds in Austenitic Stainless Steel or High Alloy Piping and the Examination

Category C-F-2, Pressure Retaining Welds in Carbon or Low Alloy Steel Piping were applied

identically. As with the Class 1 examination requirements only minor editorial changes have

been made in the ASME Code Section Xa, 1989 Edition requirements for these welds and the

same requirement exists to select welds for examination during the second 10-year interval that

were selected for examination during the first 10-year interval.

In August of 1983, a Level 3 Probabilistic Safety Study for Millstone Unit 3 was completed by a

combined effort of Westinghouse and Northeast Utilities. This study also included an

examination of external events. Six substantial updates were performed before the Individual

Plant Examination (IPE) was submitted in 1990. Millstone Unit 3 received the Safety Evaluation

Report (SER) on the IPE in May of 1992 (NRC 1992). The IWE submittal also included a section

addressing External Events; however, MP3 is still awaiting an IPEEE SER. Since the IPE

submittal, a major update of the Level 1 PSA was completed in 1995 to incorporate plant

history, design changes, NRC IPE recommendations and change in methodology from support

states to large fault trees. This updated PSA model was used as a basis for this project.

The base plant PSA core damage frequency due to internal events is 5.87E-05/yr. Table 3.1-2

provides the core damage contribution of each internal events initiator for Millstone Unit 3.

The dominant accident sequences include a total loss of Service Water with failure to recover
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Table 3.1-2
MILLSTONE 3 PLANT PSA CORE DAMAGE FREQUENCY

PERCENT CONTRIBUTION BY INITIATOR

Percent Contribution to Overall.
Initiating Event Base Plant PSACDF

Large Loss of Coolant Accident (LOCA) 3.3

Medium LOCA 7.0

Small LOCA 3.8

Steam Generator Tube Rupture (SGTR) 2.0

Incore Instrument Tube Rupture 2.6

Steamline Break Inside Containment 2.8

Stearnline Break Outside Containment 2.8

General Plant Transient 9.5

Loss of Main Feedwater (MFW) 1.3

Loss of Offsite Power (LOSP) 2.3

Station Blackout 1.5

Loss of 1 Service Water Train 3.1

Total Loss of Service Water 10.4

Loss of 1 DC Bus A (B) <.01

Total Loss of DC <.01

Loss of Vital AC 1 or 2 .06

Loss of Vital AC 3 or 4 <01

Anticipated Transient Without Scram (ATWS) 8.7

Consequential Small LOCA 23.6

Consequential Steamline Break Inside Containment <.01

Consequential Steamline Break Outside Containment <01

Interfacing Systems LOCA (ISLOCA) 3.9
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leading to a consequential small LOCA, and small LOCA with failure of recirculation. The core

damage frequency due to internal flooding is 8.5E-07/yr. The core damage contribution due to

external events is dominated by seismic and fire events. The CDF due to seismic events is

9.08E-06/yr, and is 4.85E-06/yr due to fire.

3.1.4 Surry Pilot Project

Virginia Power was approached to be a pilot plant in late 1995 to support the WOG risk-

informed ISI methodology on piping. Surry had been previously studied for probabilistic risk

assessment (PRA) in earlier work for NUREG-1150 (NRC, 1987). Additionally, initial ISI

application work using PRA insights performed for the U.S. Nuclear Regulatory Commission

by Pacific Northwest National Laboratories was conducted at Surry. Virginia Power committed

to the NRC to be a pilot for this application on April 8,1996. The Surry Pilot Project is limited

to Surry Unit 1.

Virginia Power's Surry Power Station is located on the James River in Surry County, Virginia

near the city of Williamsburg. The construction permits for Surry Units 1 and 2 were issued on

June 25, 1968. At that time, the ASME Boiler and Pressure Code covered only the construction

of nuclear vessels. Piping was generally constructed to the rules of USAS B31.1 and applicable

nuclear code cases. Surry Unit 1 started commercial operation on December 22,1972 and Surry

Unit 2 started commercial operation on May 1, 1973. The units are Westinghouse designed

3-loop PWR steam supply systems each rated at 2546 MW thermal and approximately 855 MW

electric. The Surry units use a subatmospheric containment design.

Currently both units perform ISI inspections on piping to the requirements of the ASME Boiler

and Pressure Vessel Code Section XI, 1989 Edition. The units are both currently in the third

inspection interval as defined by the Code for Program B. As Surry Power Station was

designed and constructed prior to the origination of the ASME code classifications (Class 1, 2,

and 3), the system classifications for ISI are based upon the guidance found in Regulatory

Guide 1.26, Rev. 3 (February 1976), 'Quality Group Classifications and Standards for Water-,

Steam-, and Radioactive Waste-Containing Components of Nuclear Power Plants" and

10 CFR 50.55a - Title 10, "Code of Federal Regulations - Energy." Pursuant to

10 CFR 50.55a(g)(1) requirements are assigned within the constraints of the existing design

basis.
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In August 1991 a probabilistic safety assessment (PSA) of Surry Nuclear Power Station was

completed in response to Generic Letter 88-20. The study included a Level 1 PRA for internal

events and internal flooding and a Level 2 analysis to identify the Containment Building

performance and the potential source terms. The work was performed by a joint project team

of Virginia Power and NUS (Scientech) personnel. Surry received an SER on the IPE in 1993.

The PSA model has been revised several times to incorporate some plant configuration and

procedural changes as well as enhancing the mechanics for running the model.

Based on the latest PSA model, the point estimate core damage frequency at Surry from internal

events is 7.2E-05 per year and the point estimate large early release frequency is 1.1E-5 per year.

The point estimate core damage frequency from internal flooding is calculated to be 2.5E-05 per

year. Each initiating event's point estimate contribution to the overall core damage frequency is

shown in Table 3.1-3. The dominant accident sequences include:

Loss of switchgear room cooling and failure of the alternative cooling which leads to

loss of all switchgear and subsequent core damage from the unit blackout. The

dominant contributors to failure are failure of the operator to establish cooling from the

other unit and failure to load shed according to procedure.

Loss of offsite power with at least one diesel generator available at Units 1 and 2. The

Auxiliary feedwater and feed and bleed are unavailable. The dominant contributors to

this sequence are the common cause failure of the AFW discharge check valves.

* Small LOCA initiator with the failure of high pressure injection and the failure of core

cooling recovery.

* Steam generator tube rupture sequence which involves the failure of the operator to

achieve early cooldown and depressurization followed by failure to achieve late

cooldown using secondary heat removal.
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Table 3.1-3
SURRY PLANT PSA CORE DAMAGE FREQUENCY

PERCENT CONTRIBUTION BY INITIATOR

Percent Contribution to
Initiating Event Overall Plant PSA CDF

Loss of Emergency Switchgear Room Cooling 22.5%

Small LOCA (3/8" to 2") 18.4%

Steam Generator Tube Rupture 13.0%

Loss of Offsite Power 10.6%
No Diesels Available

Loss of Offsite Power 10.4%
One Diesel Available

Medium LOCA (2" to 6") 7.3%

Large LOCA (> 6") 6.5%

Transients with Main Feed 1.5%
Initially Available

Interfacing LOCA 2.2%

Loss of Circulating Water 1.8%

Loss of RCP Seal Injection and Thermal Barrier 1.1%
Cooling

Transients with Recoverable Main Feed 0.7%
Following Isolation

Non-recoverable Loss of DC Bus 1B 1.3%

Non-recoverable Loss of DC Bus 1A 1.3%

Transients with Non-recoverable 0.6%
Main Feed Loss

ATWS at Power Above 40% 0.5%

Reactor Vessel Rupture 0.4%

ATWS at Power Below 40% 0.0%

Steam Line Break Outside Containment 0.0%/0

Steam Line Break Inside Containment 0.0%/0
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Other than fire and seismic events, the contribution of all the other external event hazards to

core damage frequency have been qualitatively screened out The fire-induced CDF is 6.3E-06

per year. The estimation of the seismic events contribution to CDF is currently being finalized.

3.2 SCOPE DEFINITION

The first step in the program is to define the systems to be evaluated in the scope of the

program. Currently, the scope of this program is limited to nuclear plant piping. The piping

boundaries of the plant PSA and the current ASME Section XI inservice inspection program

Class 1, 2, and 3 examination boundaries are reviewed for possible inclusion in the scope of the

program. The piping boundaries that are included in the plant PSA, but are outside the current

ASME Section XI boundary, may also be included. The systems identified under the

Maintenance Rule are also used to identify piping systems for inclusion in the scope of the

program.

In addition to defining the systems to be included in the scope of the program, the piping

structural elements to be included in the program are identified.

The scope should include ASME Class 1, 2 and 3 piping systems and various balance of plant

(non-nuclear Code Class) systems. The systems were selected based on three criteria:

* All Class 1, 2, and 3 systems currently within the ASME Section XI program;

* Piping systems modeled in the PSA; or

* Various balance of plant fluid systems determined to be of importance (mainly based on

Maintenance Rule ranking).

The Maintenance Rule scope definition provides a good starting point for the determination of

the scope of the risk-informed ISI program because of the criteria applied to determine the

systems which would be in scope (safety-related systems and non safety-related systems). The

safety functions of the plant systems identified through the Maintenance Rule should be

reviewed to ensure all plant safety functions have been appropriately considered for the scope
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of the risk-informed ISI program. If a system does not meet the Maintenance Rule scope, it can

be considered out of scope for this program and does not need to be further evaluated in detail.

A full scope program is recommended because a greater portion of the plant risk from piping

pressure boundary failures is addressed in the risk-informed ISI program versus current ASME

Section XI requirements since the examinations are now placed in several high-safety-

significant piping segments that are not currently examined by the current Section XI approach.

However, a partial scope evaluation may be performed given that the evaluation includes a

subset of piping classes, for example, ASME Class 1 piping only, including piping exempt from

the current requirements.

Consistent agreement should be ensured between the PSA system boundaries and the ISI

boundaries so that 1) there is a small likelihood of leaving out some important piping

segments, 2) the appropriate failure probability is used with the appropriate consequence from

the PSA, and 3) that there is a common understanding of the piping segment definition. For

example, the PSA system boundary may extend beyond the current system (e.g., a system may

include the piping to and from a heat exchanger that is actually classified on a plant drawing as

another system) while the ISI plan applies that piping to the other system. When the segments

are defined, the consistency will assure that this piping is included. The method suggested for

maintaining this consistency is to use the controlled plant piping diagrams as the basis for the

definition of the systems and boundaries.

Table 3.2-1 provides a list of the systems included in the scope of the program for the

Millstone 3 application. This list was reviewed by the expert panel (Maintenance Rule panel

supplemented by appropriate ISI-related disciplines) to determine its completeness for this

application.

Twenty-one systems were selected to be evaluated in more detail for the representative WOG

plant. The remaining systems are excluded from the scope of the risk-informed 151 program.

These systems are not addressed by ASME Section >a but some were considered by the PSA

(such as emergency diesel jacket water, containment instrument air, and instrument air).

However, each of these systems was reviewed by the plant expert panel using the same criteria

as in the determination of risk-significance for the Maintenance Rule. In addition, the
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Table 3.2-1
MILLSTONE UNIT 3 RI-ISI SYSTEM IDENTIFICATION

System ID System Basis

BDG Steam Generator Blowdown High Energy Line Break Concerns

CCE Charging Pump Cooling PSA (1)

CCI Safety Injection Pump Cooling PSA (1)

CCP Reactor Plant Component Cooling PSA & ASME Section >I

CHS Chemical & Volume Control PSA & ASME Section XI

CNM Condensate PSA (2)

DTM Turbine Plant Misc. Drains ASME Section Xl (3)

ECCS Emergency Core Cooling (4) PSA & ASME Section )X

EGF Emergency Diesel Fuel PSA

FWA Auxiliary Feedwater PSA & ASME Section XI

FWS Feedwater PSA (2) & ASME Section XI

HVK Control Bldg. Chilled Water PSA

MSS Main Steam PSA & ASME Section XI

QSS Quench Spray PSA & ASME Section XI

RCS Reactor Coolant PSA & ASME Section XI

RHS Residual Heat Removal PSA & ASME Section XI

RSS Containment Recirculation PSA & ASME Section XE

SFC Fuel Pool Cooling and Purification PSA (5)

SIH High Pressure Safety Injection PSA & ASME Section XI

SIL Low Pressure Safety Injection PSA & ASME Section Xl

SWP Service Water System, PSA & ASME Section XI

Notes:

(1) Included in PSA boundary, but exempt by ASME Section XI pipe size

(2) Modeled indirectly in the PSA

(3) Drain lines from MSS listed because of ASME Section XI

(4) ECCS is a combination of piping segments which impact a number of systems - Charging,

HPSI, LPSI, Quench Spray

(5) Not included in PSA internal events model, important to shutdown risk
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consequences postulated from the loss of any of these systems from a pipe failure were

determined not to be significant. Therefore, these systems, in their entirety, were determined to

be outside the scope and not further evaluated. A sample is provided in Table 3.2-2.

Pipe segments in the systems listed in the table most likely will not contribute to CDF from. pipe

failures as segments in the in-scope systems. The systems are mainly secondary side systems

that will only cause at most a reactor trip (e.g., stator cooling water failure) and support systems

that support these secondary side systems (e.g., turbine plant component cooling water

provides cooling to main feedwater and condensate). If a pipe segment in one of these systems

were to fail, the plant would still be able to respond to the event. The hazards evaluation was

also reviewed to identify if potential indirect (spatial) effects could be identified from these

systems. None were identified.

Table 3.2-3 provides a list of systems included in the scope of the Surry pilot plant project.

Eighteen systems were selected to be evaluated in detail in the risk-informed ISI program. One

system (auxiliary steam) was added to the scope of the program based on the plant walkdown

results and the indirect effects identified from piping failures in certain portions of this system.

The systems or portions of systems identified below were evaluated and excluded from system

scope consideration in the risk-informed ISI program:

* Instrument Air (Compressed Air)

* Fire Protection System

* Containment penetration piping

The structural elements considered for the WOG applications included the examination items

presently included under Examination Categories B-F, B-J, C-F-1, C-F-2 and D-A only as it

relates to Class 3 piping systems that would be included under this category in the 1992 and

later editions of ASME Section Ml. The process also included evaluation of additional areas and

volumes of base material and examination zones such as weld counterbore areas and fitting

material with consideration to all piping welds to nozzles, valves and fittings such as tees,

elbows, branch connections and safe ends. Welded attachments and piping supports were not

included in the program. However, possible snubber degradation was given consideration as a

factor which may increase piping fatigue effects.
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Table 3.2-2
EVALUATION OF PIPING SYSTEMS FOR SCOPE EXCLUSION

FROM THE RI-ISI PROGRAM FOR MILLSTONE 3

System ID System Description Resolution

DSM Moisture Separator Drains & Vents Determined to be non-risk significant as
part of the Maintenance Rule*

DSR Main Steam Separator Reheater Determined to be non-risk significant as
Drains and Vents part of the Maintenance Rule'

EGD Emergency Diesel Fuel Exhaust & Determined to be non-risk significant as
Comb. Air part of the Maintenance Rule

EGS Emergency Diesel Jacket Water Included with the Diesel Generator
boundary in Maint. Rule; however,
Expert Panel determined that the DG
would function without this system but
with slower start time. No need to
evaluate.

ESS Extraction Steam Determined to be non-risk significant as
._ part of the Maintenance Rule*

GMC Stator Cooling Water Determined to be non-risk significant as
I_ part of the Maintenance Rule

GMH Generator Hydrogen & C02 Determined to be non-risk significant as
I_ part of the Maintenance Rule

GMO Generator Seal Oil Determined to be non-risk significant as
part of the Maintenance Rule

HDH H.P. Feedwater Heater Drains Determined to be non-risk significant as
part of the Maintenance Rule*

HDL LP. Feedwater Heater Drains Determined to be non-risk significant as
l_ part of the Maintenance Rule*

IAC Containment Instrument Air Determined to be non-risk significant as
I_ part of the Maintenance Rule

IAS Instrument Air Determined to be non-risk significant as
I_ part of the Maintenance Rule

SWT Traveling Screen Wash &: Disposal Determined to be non-risk significant as
l_ part of the Maintenance Rule

TMB Turbine Control System Determined to be non-risk significant as
l_ part of the Maintenance Rule

CCS Turbine Plant Component Cooling Determined to be non-risk significant as
part of the Maintenance Rule*

* In addition, based on the outcome of the Feedwater, Condensate, SG Blowdown and Main Steam
System piping segments evaluation, these other systems are considered bounded by these
evaluations which determined all segments to be low safety-significant.
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Table 3.2-3
SURRY UNIT 1 RI-ISI SYSTEM IDENTIFICATION

System Description PSA Section Xa

1. AFW - Auxiliary Feedwater3  Yes Yes

2. BD - Blowdown (S/G) Yes Yesu

3. CC - Component Cooling Yes Yes2

4. CH - Chemical & Volume Control' Yes Yes2

5. CN - Condensate Yes Yes2

6. CS - Containment Spray Yes Yes

7. CW - Circulating Water Yes Yes2

8. EE - Emergency Diesel Fuel Oil Yes No

9. FC - Fuel Pit Cooling, No Yes'

10. FW - Feedwate? Yes Yes2

11. MS -Main Steam Yes Yes2

12. RC - Reactor Coolant Yes Yes2

13. RH - Residual Heat Removal Yes Yes

14. RS - Recirculation Spray Yes Yes

15. SI - Safety Injections Yes Yes

16. SW - Service Water Yes Yes2

17. VS - Ventilation' Yes Yes12

18. AS - Auxiliary Steams No No

Notes:

1. System is exempt from current ASME Section )I examination requirements (Volumetric, surface,
visual (VT-3)).

2. Portions of this system are not included in the Section DI ISI program.

3. Surry combines the feedwater and auxiliary feedwater systems on the system drawings.

4. Portions of the chemical & volume control system work in conjunction with high head safety injection.

5. Includes high head (HBI), low head (LHI), the passive accumulator (ACC) portions of safety
injection, and piping common to these systems (ECCS).

6. Important during shutdown.

7. Cooling water to control room HVAC.

8. Considered only for indirect effects.
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3.3 SEGMENT DEFINITION

In order to evaluate the importance of the piping contained in each system, piping segments

were defined. Piping segments can be defined on many levels: piping between welds; train

level piping, etc. The approach used to define piping segments was based on:

Piping which has the same consequence as determined from the plant PSA and other

considerations (e.g., loss of train A of residual heat removal (RHR), loss of refueling

water storage tank (RWST), inside or outside containment consequences, etc.);

* Where flow splits or joins (traditional PSA modeling points);

* Includes piping to a point in which a pipe break could be isolated (e.g., check valve,

motor-operated or air-operated valve, but no credit for manual valves). Credit for

isolating a break with manual valves, in general, is not taken because it is assumed that

the manual valve is not accessible due to the pipe failure. However, situations may

occur where manual valves can be used to isolate a failure by plant operators and in

these cases the decision for crediting manual valves is made by the plant expert panel

and documented as such; and

* Pipe size changes.

Check valves, motor-operated valves, hydraulically-operated valves and air-operated valves are

the valve types that define discontinuities. These valves types are expected to reduce the

consequences of the failure or isolate the failure either automatically or by operator action from

the control room. Credit for the operator action from the control room is not credited in the "No

Operator Action" ranking.

Check valves are generally only credited to prevent backflow (additional flow diversion) and

usually the failure mode considered is failure to remain closed or close (with a force acting

upon the valve to close) when a pipe failure occurs. The likelihood of such a failure is expected

to be small. Crediting check valves for segment definition should not be significant since it is

only postulated as the segment endpoint instead of where pipes joined or split.
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Since check valve failure likelihood is small and the consequences from the failure in most

instances will not change, multiplying the check valve failure probability by the piping failure

probability and the conditional core damage frequency is not expected to be significant for the

majority of the piping segments.

Automatic isolation valves are assumed to close if the pipe failure in question would create a

signal for the valves to close. Containment isolation valves should be carefully considered for

segments which contain the containment penetrations. If the segment consequences are

significantly different assuming an automatic and/or containment isolation valve failure, then

the piping segment definition should be reviewed and if necessary, the piping segment should

be further combined or subdivided such that the failure of the valve, under pipe failure

conditions, would be considered in conjunction with the change in consequences.

Thus, a piping segment is primarily defined as a portion of piping for which a failure at any

point in the segment results in the same consequence. Distinct segment boundaries are

identified at such branching points or size changes where there could be a significant difference

in consequence, or the break probability is expected to be markedly different due to material

properties. The consequences that should be considered are defined in the next section. The

segment definition process is an iterative process with the determination of the consequences

and identification of any potential operator recovery actions.

An example of a system and its defined piping segments is shown in Figure 3.3-1. In this

example, the ECCS segments are defined. ECCS segment 1 is defined as piping between check

valve 8847A (from the RHR pumps), check valve 8819A (from the HPSI pumps) and check

valve 8818A (which isolates this pathway from the accumulator pathway). This piping segment

is postulated to result in a loss of RWST inside containment resulting in an earlier transfer to

recirculation and loss of high and low pressure safety injection to one cold leg. Similarly,

segments 2,3, and 4 are defined for the other injection points into the RCS cold legs. ECCS

piping segment 5 (6, 7, and 8) is defined as piping between check valves 8847A, 8956A, and

8948A. These piping segments are postulated to result in loss of RWST inside containment

resulting in an earlier transfer to recirculation and a loss of high and low pressure injection and

accumulator injection to one cold leg. The ten-inch RCS piping downstream of check valve
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8948A and the main reactor coolant loop piping defines other segments that are postulated to

result in a large loss of coolant accident (LOCA).

For the Millstone 3 plant, the total number of segments defined and the systems are shown in

Table 3.3-1. Table 3.3-2 shows the number of piping segments defined for Surry Unit 1.

3.4 CONSEQUENCE EVALUATION

The consequence from a pressure boundary failure should focus on safety consequences.

Nevertheless, economic consequence can also be a secondary consideration resulting in

additional inspection locations chosen to reduce economic risk. A risk-informed evaluation

may go beyond the ASME BPVC and regulatory requirements for inspections and thereby also

improve plant reliability and availability factors.

In many risk-informed applications, safety consequence has been measured in terms of core

damage and large early release. These measures should also be applied for risk-informed

inspection. The impact on core damage due to pressure boundary failures can be both direct

and indirect. A direct consequence would be the loss of a system, whereby the ruptured pipe

can no longer provide fluid flow that is essential to the safe shutdown of the plant. An example

of an indirect consequence may be a disabling of a critical electrical component by flooding

associated with a ruptured pipe.

3.4.1 Direct Consequences

PSAs can be used to gain insights into the consequences of pressure boundary failures. The

direct effects to be considered include:

Failures that cause an initiating event such as a LOCA or reactor trip

Failures that disable a single train or system

Failures that disable multiple trains or systems

Failures that cause any combination above
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Table 3.3-1
NUMBER OF SEGMENTS DEFINED FOR MILLSTONE 3

System Number of Segments

BDG (SG Blowdown) 4

CCE (CHS Cool) 2

CC1 (SI Cool) with SIH

CCP (CCW) 14

CHS (CVCS) 23

CNM (Condensate) with FWS

DTM (Turbine Plant Drains) with MSS

ECCS* 9

EGF (DG Fuel) 4

FWA (Aux Feed) 15

FWS (Feedwater) 19

HVK (Control Bldg Chilled Water) 1

MSS (Main Steam) 30

QSS (Quench) 5

RCS 66

RHS (RHR) with SL

RSS (Recirc) 11

SFC (Fuel Pool) 4

SIH (HPI) 10

SL (LPI) 13

SWP (SW) 29

TOTAL 259

* ECCS system was created to capture piping common to several systems including SIH, QSS and SIL
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Table 3.3-2
NUMBER OF SEGMENTS DEFINED FOR SURRY UNIT I

System Number of Segments System Number of Segments

ACC 15 FC 9

AFW 32 FW 20

AS 2 HHI 27

BD 12 LHI 18

CC 66 Ms 38

CH 44 RC 96

CN 9 RH 11

CS 16 RS 13

CW 16 SW 54

ECCS 8 VS 2

EE 7

TOTAL51
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The initial focus for the consequences should be related to the events considered in the PSA

internal events scenarios. Table 3.4-1 provides an example of the direct consequences

postulated for several piping segments, considering possible operator actions and their impact

on the consequences.

3.4.2 Indirect Consequences

The purpose of evaluating indirect consequences is to identify potential indirect effects/

consequences from piping failures that would differentiate piping segments from each other in

the risk evaluation.

PSAs can be applied to establish indirect or spatial consequences, once detailed knowledge of

those plant systems and components (if any) affected by the pressure boundary failure are

identified. Indirect effects evaluations include consideration of pipe whip, jet impingement

spray, high environmental temperatures and flooding. The information sources that are

considered to identify indirect effects include the plant hazard evaluation to meet the

requirements of the NRC's Standard Review Plan, (including general design criteria such as

GDC 4) the final safety analysis report (FSAR) and the PSA internal flooding events analysis. In

addition, the expert panel may provide input on indirect consequences. The impact of the

indirect effects to be considered should be the same as stated above for the direct effects. A

plant walkdown of key areas should also be conducted. The results of the evaluation are

documented and reviewed and then the consequences are mapped to the appropriate piping

segments.

The process used for conducting the evaluation is described below:

Information Collection

Existing documents which examine the local effects of piping failure for the systems included in

the scope are reviewed (including the internal flooding evaluation performed as part of the

plant's PSA). Other systems/trains affected by a pipe failure in the area should be identified

from the plant hazards evaluation, the PSA flooding analysis, and plant layout drawings. The

plant layout drawings, for areas not covered by the documentation review, are also examined.
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Table 3.4-1
EXAMPLE CONSEQUENCES FOR PIPING SEGMENTS

FROM MILLSTONE 3

Postulated Postulated
Consequence (without Consequence (with

Segment ID Segment Description operator action) operator action)

ECCS-O RWST to flow split to Loss of RWST Loss of RWST
LPSI, HPSI, and
Charging - MOVs
8812A, 8812B, LCVs
112D, 112E, V8884 and
MOV 8806

ECCI* From CV8819C and CV Loss of RWSTP* Loss of all RHR and
8818C to CV8847C HPSI

ECCS-5* Flow from SI CV 8847A Loss of RWST** Loss of all RHR, HPSI
and ACC CV 8956A to and one accumulator
join to CV 8948A

RCS-7 LPSI connection from Large LOCA with loss Large LOCA with loss
Loop A cold leg tee to of HPSI, LPSI, and of HPSI, LPSI, and
CV 8948A ACC injection to one ACC injection to one

cold leg cold leg

FWS-1 Main feedwater flow Feedline break initiator Feedline break initiator
from MOV35A to gate
valve FCV510

I The only operator action which could be taken would result in closure of MV8835 (no HPSI to any
paths) and closure of MV8809A or B (loss of 2 LPSI paths). However, given the short time available to
take operator actions following a LOCA where LPSI is required, no operator action could be credited
with closing MV8809A or B to save two injection paths. However, closure of MV8809A (or B) does
result in preventing a loss of RWST.

** During the expert panel meetings, the postulated consequence (without operator action) was changed
to a loss of RWST inside containment resulting in an earlier transfer to recirculation and the loss of one
injection path. An operator recovery action could not be taken due to limited time and the difficulty in
diagnosing the actual location of the break during a LOCA.
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In addition, plant areas for which documentation is not clear, specific equipment is not listed, or

modifications stated in previous reports that should have been made are identified.

Pre-Walkdown Evaluation

This analysis evaluates system interactions due to piping failures. The following potential pipe

failure-induced conditions are considered:

* Flooding

* Water Spray

* Pipe whip

* Jet impingement

The first two conditions are usually analyzed in the internal flooding PSA assessment process

developed to quantify the impact. The evaluation of the various areas of the plant conducted as

part of the internal flooding evaluation (the evaluation before any quantitative screening is

performed) is used to identify the impact of postulated flooding scenarios.

The evaluation of pipe whip and jet impingement is performed using the guidance provided

below that is consistent with Westinghouse Systems Standard Design Criteria 1.19

(Westinghouse, 1980), WCAP-8951 (Mendler, 1979) U.S. NRC MEB 3-1 (NRC, 1987) and

ANSI/ANS-58.2 (ANSI, 1988).

Pipe whip and jet impingement effects apply to breaks or ruptures that are postulated to occur

in high energy piping systems, or portion of a system, where conditions such as the following

are met during normal plant operating conditions:

- maximum operating pressure exceeds 275 psig, or

- maximum operating temperature exceeds 200'F

Piping systems that operate above these limits for only a relatively short duration (less than

approximately 2%) of the time during which they perform their intended safety function, may

be classified as moderate energy.
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Existing documents, such as the UFSAR are reviewed to identify where high energy line break

locations have already been postulated and where devices, e.g., whip restraints and jet shields,

have already been installed to protect vital safety-related equipment.

Prior to the plant walkdown, the fluid conditions and the pipe sizes in the high energy piping

of interest should be obtained in order to determine what length of pipe is required to form a

hinge and the magnitude of the jet forces resulting from postulated breaks. The location of

orifices that would limit the amount of energy emanating from a postulated break should also

be identified.

The potential indirect consequences of pipe failure-induced damage (i.e., additional to the

direct impact of piping failure) inside containment is assumed to be small on the basis that the

susceptible accident mitigating equipment in the area is designed to withstand the worst case

pipe failure and the resulting special conditions. The potential impact of these hazards on the

safety important equipment has been addressed in the design of the plant. The containment

structure and safety related components have been designed to meet the requirements of

GDC-4. This should be verified as part of the process.

Walkdown

As part of the plant walkdown, documentation sheets should be developed to identify the

specific concerns in each area and to facilitate the walkdown.

During the walkdown, for pipe whip and jet impingement, piping failures are assumed to occur
at points along the high energy piping runs:

- circumferential breaks should be postulated to occur individually at pipe-to-fitting welds,

branch run-to-main run welds, branch run-to-fitting welds, and at other terminal ends2 ;

circumferential breaks need not be postulated in piping runs of a nominal diameter equal

to or less than 1"

- longitudinal breaks should be postulated at welded attachments (e.g., lug, stanchion) at

the centerline of the welded attachment with an area equal to the pipe surface area that is

2 Terminal end is that section of piping originating at a structure or component (e.g., a vessel or
component nozzle or structural piping anchor) which acts as an essentially rigid constraint to the piping
thermal expansion. In-line fittings, such as valves, are not assumed to be anchored and are not terminal
ends.
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I

bounded by the attachment weld; longitudinal breaks need not be postulated in piping

runs of a nominal diameter less than 4" and longitudinal breaks need not be postulated at

terminal ends

During the walkdown, the following types of protection should be identified in the areas that

could be impacted by these effects:

- Separation distances between required systems and components and piping that are

used to mitigate potential consequences

- provision of piping enclosures

- provision of component enclosures

- provision of system redundant design features (such as isolation valves)

- design of required systems and components to withstand the effects of the postulated

pipe failure

- provision of additional protection such as restraints and barriers

For high energy piping that has the potential to whip following a postulated failure, the

following considerations should be noted:

- the portions of piping that may form a hinge will not become missiles

- a whipping pipe that has the potential to impact other piping will not rupture lines of

equal or greater size; however, it should be assumed that a through-wall crack will

develop in a line that is impacted by a whipping pipe of the same size

The evaluation of fluid jets emanating from postulated breaks on nearby structures and

components should consider the effects of jet loading, fluid temperature and moisture on the

targets impinged upon. The jet shape and direction should be established using the schematics
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of jets discharging from various pipe breaks. Targets more than 10 pipe diameters away from

the break location need not be considered for jet impingement impacts.

Participants in the Millstone 3 walkdown included team members from the PSA, piping, stress

analysis, IS1, and operations groups. The walkdown covered the specific areas listed in

Appendix A, Table A-1, in the ESF Building and the Auxiliary Building. The walkdown also

included the intake structure for the circulating and service water pumphouse and the Turbine

Building. An example of a walkdown worksheet documenting the information gathered is

presented in Table 3.4-2.

Post-Walkdown Evaluation

The indirect effects resulting from pipe failures within the plant are identified. Hazards are

identified for each area and potential targets within each area are also identified. The next task

in the process is to match the pipe segments with the identified indirect effects. This task is

performed by reviewing plant arrangement and piping drawings in conjunction with the

segment definitions.

The walkdown results are documented for use in the risk-informed ISI program. For

Millstone 3, the more significant findings of the walkdown were:

* Interactions of postulated AFW pipe breaks in the motor-driven auxiliary feedwater

pump rooms can affect cable trays,

* Reactor plant component cooling water pipe breaks can affect one train of AFW,

Pipe shrouds had been installed (as prescribed by the hazards evaluation) to mitigate

the interactions of a postulated pipe break in one train of reactor plant component

cooling water disabling the pump in the other train,

* Motor control centers in the service water pump cubicles could be affected by a service

water pipe break, and

Postulated pipe breaks in the turbine building would lead to a reactor trip, notably the

turbine plant component cooling water system. Also, a break in the condensate pump

discharge header could potentially disable all three plant air compressors.
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A summary of the indirect effects identified at Millstone 3 are shown in Table 3.4-3.

Table 3.4-2
MILLSTONE 3 RISK-INFORMED INSPECTION

INDIRECT EFFECTS WALKDOWN WORKSHEET

Item #: 5 Bul ES

Cubicle/Area: 011 Elevation: 21" - 6"

Indirect Effect of Concern: Loss of Train A equipment due to any pipe rupture in area (aux. feedwater
suction or discharge piping), including a CCP pipe.

Components/Equipment in Cubicle/Area

System Comp. Type Tag No. Train Needed for Safe Support
Shutdown? System?

FWA Pump 3FWA*PA A Y N

FWA Valve 3FWA*HV31D1 A Y N

FWA Valve 3FWA*HV31A1 A Y N

FWA Valve 3FWA*V42 A Y N

FWA Valve 3FWA*AV61A3 A Y N

FWA Valve 3FWA*AV23A3 A Y N

FWA Valve 3FWA*HV31CB4 B Y N

FWA Valve 3FWA*HV31C4 B Y N

FWA Valve 3FWA*AV6234 B Y N

Comments

Cable tray numbers listed in Hazards Evaluation did not match those marked on the overhead trays in
the room. Additional checks needed.

Conclusions

Apparent discrepancy with cable tray identifiers noted. Hazards Eval. concludes pipe break will not
target cable trays, but should further investigate effects of losing cable tray. No additional interactions
found. Train B valves located away from postulated break locations. Pipe break will only affect FWA
Train A. Need to consider the CCP interaction for inclusion in the segments analyzed.

1. Located at far side of room from unisolatable break

2. Near pump

3. Located at postulated break location

4. Located at far end of room away pump and postulated break
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Table 3.4-3
SUMMARY OF INDIRECT EFFECTS FOR MILLSTONE 3

Segment ID Segment Description Indirect Effect Consequence

CCP-13 Containment penetration cooler supply Postulated break disables train A AFW
and return lines pump due to spray

CCP-14 Containment penetration cooler supply Postulated break disables train B AFW
and return lines pump due to spray

FWA-1 Demin. water storage tank through Postulated break may spray overhead
motor-driven pump PlA to check valves cable tray - loss of HVAC to Train A
V12 and V7 RHR, QSS, and SI areas

FWA-4 Demin. water storage tank through Postulated break may spray overhead
motor-driven pump PlB to check valves cable tray - loss of HVAC to Train B
V21 and V26 RHR, QSS, and SI areas

FWA-12,-18 Check valves to cavitating venturi Postulated break may spray overhead
cable tray - loss of HVAC to Train A
RHR, QSS, and SI areas

FWA-14,-16 Check valves to cavitating venturi Postulated break may spray overhead
cable tray - loss of HVAC to Train B
RHR, QSS, and SI areas

SWP-1,-2 Service water pump discharge check Flooding of other pump in area, loss of
valve to MOV MCC which powers SW Train B

equipment

SWP-3,-4 Service water pump discharge check Flooding of other pump in area, loss of
valve to MOV MCC which powers SW Train A

equipment

SWP-13 Tee connection near CV 706B through SI Spray could result in a loss of MCC in
pump cooler E1B and 3HVQ*ACUS1B & ESF Room which powers valves
2B needed for operation of one train of

recirc.

SWP-15 Tee connection near V63 through cooler Postulated break disables both trains
CCE-EIB of charging due to loss of train B

charging pump cooling from the
break, and loss of train A charging
pump cooling from spray on the train
A cooling water pump

SWP-20 Tee connection near CV 705 through SI Spray could result in a loss of MCC in
pump cooler EIA & E2A and residual ESF Room which powers valves
heat removal vent units ACUSRA & needed for operation of one train of
ACUS2A recirc.
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Table 3.4-3 (cont)
SUMMARY OF INDIRECT EFFECTS FOR MILLSTONE 3

Segment ID Segment Description Indirect Effect Consequence

SWP-22 Tee connection near V31 through cooler Postulated break disables both trains
CCE-E1A of charging due to loss of train A

charging pump cooling from the
break, and loss of train B charging
pump cooling from spray on the train
B cooling water pump

SWP-26,-27 Service water pump to CV and back to Flooding of other pump in area, loss of
pump. MCC which powers SW Train B

equipment

SWP-28,-29 Service water pump to CV and back to Flooding of other pump in area, loss of
pump. MCC which powers SW Train A

equipment
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Additional information on the walkdown performed at Millstone 3, examples of completed

walkdown worksheets, and a discussion of the major findings for the Millstone 3 plant

walkdown are included in Appendix A.

For Surry, Table 3.4-4 identifies the key areas and postulated indirect effects. Appendix A

includes additional information from Surry.

3.5 FAILURE MODES AND FAILURE PROBABILITY ESTIMATION

Once the consequences for each segment are defined, the failure probability for a postulated

pipe failure and pipe leak must be determined. Information relating to the expected failure

modes and causes, industry experience and plant specific characteristics are necessary inputs to

this determination. These elements are discussed in the following sections and Figure 3.5-1

summarizes the process for this effort.

The intent of the failure probability estimation is to postulate the potential failure mechanism(s)

for a given piping segment and then, based on the specific conditions for the given piping

segment (not an individual weld in the piping segment) to provide an estimate of the failure

probability for the piping segment, in order to differentiate the piping segments based on

potential failure mechanism and postulated consequences. The failure probability of a segment

is characterized by the failure potential (probability or frequency as appropriate) of the worst

case situation in each segment (not a single selected weld in each segment). This is calculated

by the SRRA code by inputting the conditions (typically, the most limiting or bounding) for the

entire piping segment. Essentially, the piping failure probability is a representation or

characterization of the piping segment.

3.5.1 Failure Modes and Causes

The number of possible degradation mechanisms and loading conditions is large (ASME 1992)

and this section is not intended to provide a full treatment of the details of their occurrence. It

does provide an overview of many typical mechanisms and describes the typical process by

which they can be evaluated for a specific plant.
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Table 3.4-4
SUMMARY OF INDIRECT EFFECTS FOR SURRY UNIT 1

Area Indirect Effect(s)

Auxiliary Building Flooding/Spray

The source of the flooding or spray is the low head to high head
recirculation lines or the RWST piping supplying the charging
pumps. Component Cooling pumps and the Charging pumps
would be lost if no action were taken to isolate the ruptured line.

High Energy

The charging pump recirculation line and the discharge line were
identified as the source of the jet impingement. MOVs

1-CH-MOV-1863A/B and 1-CH-MOV-1115B/D were identified as
the potential targets in the charging pump cubicles. The loss of the
1A and 1B CC pumps is assumed to be the result of spray from the
failure of either 4"-SLPD-50 or 6"-SA-21. Similarly, it was also
determined that the four cables containing the power supply for CC
pumps 1A, 1B and 1C as well as the power supply for Charging
Pump 1C are subject to jet impingement. In one section of the AB
basement the walkdown team concluded that the most manageable
approach to indirect effects would be to assume that all of the PSA-
credited equipment fails in its current state. Additionally three
sections of blowdown system piping which could be subject to pipe
whip resulting in the failure of smaller diameter pipe were
identified.

MSVH/Safeguards Flooding/Spray

The source of the flooding or spray was identified by PSA flooding
analysis as a break in the main steam lines or the main feedwater
lines. The worst case flooding effect identified in this area is the loss
of the steam generator PORVs, the Containment spray pumps and
the auxiliary feedwater pumps along with propagation of the flood
to the Auxiliary Building which results in a loss of the charging
pumps and the component cooling pumps.

High Energy

A rupture of the bypass line (6"-SHP-45-601) could result in a failure
of the decay heat removal path upstream of the isolation valve. The
steam supply line to the TDAFW pump (3"-SHP-57-601) was
postulated to fail the 3A motor driven AFW pump by severing the
power cord. It is assumed that the equipment in this area fails as a
result of a main steam or feedwater line break.
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Table 3.4-4 (cont.)
SUMMARY OF INDIRECT EFFECIS FOR SURRY UNIT 1

Area Indirect Effect(s)

MER 3 The most significant indirect consequence of piping rupture in this
area is the partial loss of Control/Relay Room HVAC and Charging
Pump SW pumps 1-SW-lOB and 2-SW-1OB.

Turbine Building Flooding/Sprav

Loss of the ESGR due to flooding from the Turbine Building.

High Enera

Jet impingement from a high temperature line is postulated to cause
the partial loss of offsite power. For any main steam or feedwater
line break in the Turbine Building the team determined that the
most manageable approach is to assume the MS and FW systems are
lost.

MER5 Flooding/Spray

The only significant flood source is the Service Water supply to the
ESGR chillers with potential to disable two of five trains of the
backup chillers for the Control Room\Relay Room HVAC system.

ESW Pumphouse FloodinZ/Sprav

The only flood source in this area is the SW system-related piping.
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The occurrence of a large pressure boundary failure may be considered a two stage process. In

the first stage there is physical degradation of the piping element,' caused by pitting, crack

growth, loss of wall thickness, loss of ductility, etc. The second stage comes into play when

loading events occur that challenge the remaining structural integrity of the degraded element.

Examples of the additional loads causing failure include pressure surges, water hammer,

inadvertent thermal transients, earthquakes, and failure of a support. Some loadings occur

randomly while others are related to system operation. Whether the structural failure is limited

(causing a small or large leak) or unstable (causing a rupture) depends on the material

properties, flaw configuration and nature of the loading. If the degradation mechanism is

progressive, then eventually, normal operating loads within the design basis, such as a pump

startup, may be sufficient to initiate a limited structural failure.

Based on the above discussion, the piping failure mode is either small or large leakage

including rupture, depending on the combination of degradation mechanism and initiating

loading. For this application, the specific failure event considered is a postulated failure of the

pressure boundary that results in the loss of safety function for the piping segment. Leakage

cracks may or may not precede the break. If the leakage could significantly affect the operation

of the system or have significant indirect (spatial) effects, it is also considered a failure event.

For nuclear power plant components, conservative design practices have been successful in

addressing most anticipated modes of failure. For example, the ASME Boiler and Pressure

Vessel Code identifies the following modes of failure:

* excessive elastic deformation, including elastic instability

* excessive plastic deformation

* brittle fracture

* stress rupture/creep deformation (inelastic)

* plastic instability - incremental collapse

* high strain - low-cycle fatigue

"Element" for this program includes straight pipe, elbows, tees, other piping components and their
interconnecting welds.
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The ASME Code rules for design and construction are generally considered effective in

precluding these failure modes. It is generally believed within the nuclear industry, however,

that other causes not anticipated in the original design are most likely to cause structural

failures. The two most common examples are intergranular stress corrosion cracking (IGSCC)

of stainless steel piping and erosion-corrosion wall thinning of carbon steel piping. The

possibility of piping failure due to such unanticipated causes is the basic motivation underlying

the ASME Section XI Code rules for inservice examination.

Table 3.5-1 lists a variety of failure causes that should be considered. It can be used as the

starting point for a plant-specific evaluation; some listed mechanisms may be discounted while

others may need to be added based upon plant-specific experience.

The table includes thermal fatigue as a single item representing several mechanisms such as

thermal transients, flow stratification, striping and inadequate design flexibility. The dissimilar

metal weld item is not a mechanism in itself but is a significant location for possible weld

defects or inservice degradation due to other mechanisms.

Vibration fatigue is one degradation mechanism that can both degrade the structural element

and help drive it to its ultimate failure. The issue with vibration is that if it occurs in its most

severe form, it can cause failure within a matter of hours or minutes, and there are no precursor

indications that can be detected prior to failure. However, the most severe vibration does not

usually exist. The driving force may be unsteady in amplitude or frequency, or be intermittent.

Also, the resonant amplification that usually contributes to the issue may vary with

temperature, piping contents, or growth of any flaws. Vibration fatigue failure is therefore not

always intermediate, and its fatigue cracks could in some cases be detected.

If vibration is determined to be a possible cause of failure, it must be determined if the piping

inservice inspection program would be effective in identifying it prior to failure. In cases where

significant vibration is known to be present in normal operation, it should be addressed

through the normal technical problem resolution and design change process as it is unlikely

that ISI programs will detect vibration fatigue cracking before failure occurs. If vibration is
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Table 3.5-1
EXAMPLE FAILURE CAUSES FOR LWR NUCLEAR

POWER PLANT PIPING COMPONENTS

Erosion

Erosion

Erosion/Corrosion

Mechanical wear

Fretting

Cavitation

Embrittlement

Irradiation

Thermal aging

Corrosion/Cracking

Intergranular

Transgranular

Fabrication/Maintenance

Improper heat treatment

Improper repairs or alterations

Dissimilar metal weld

Fatigue (high or low cycle)

Mechanical

Thermal

Vibrational

Corrosion

Bulk corrosion

Crevice corrosion

Pitting corrosion

Galvanic corrosion

Microbiologically influenced

Pitting

Mechanical Damage

Water hammer

Improper or degraded supports

Improper or degraded restraints

External loads/impact

possible, but may continue for a significant time without discovery, then inservice examination

for it will probably also be ineffective.

If the potential piping vibration is expected to be induced by equipment vibration (such as

degraded pump bearing), and the equipment is operated only occasionally, then inservice

examination for fatigue cracking may be effective if it is scheduled to follow equipment testing.

For example, if a proposed examination location is at a safety injection pump discharge, then

examination following scheduled pump testing may be effective.

After all the possible degradation mechanisms are considered, it may be judged that no

degradation mechanism is credible for some segments. The piping is expected to retain its full

strength and integrity for its entire operating lifetime. For such segments, the only conceivable
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I

failure mode is the occurrence of loads greatly in excess of the design basis loads. An example

of such a load may be a large mass being dropped on the pipe during nearby maintenance

activities, or the occurrence of a greater than design basis earthquake that may shift equipment

from its foundations. The failure mode for such segments is classified as "external loads" and

such segments are retained in the overall process. When considering tees, elbows and other

geometric discontinuities, the stress level is based on the available ASME calculations for the

piping. Since the Code calculations include stress intensification factors or stress indices, the

effects of stress concentrations are inherently considered. The risk assessment may determine

the segment to be high safety-significant based only on the severity of its failure consequence.

Any examinations ultimately scheduled for such segments would have the value of confirming

that, indeed, no mechanism is active for that piping segment.

3.5.2 Review of Industry Experience

Known failures at other plants should be considered and evaluated for applicability. Available

information sources include NRC and EPRI published documents regarding reported failures or

operating occurrences, such as flow stratification, which may be applicable to plants. Other

useful sources of information include: the Nuclear Plant Reliability Data System (NPRDS),

Licensee Event Reports (LERs), NRC Nuclear Plant Aging Research (NPAR) reports, NUMARC

(now NEI) Assessments of Plant Life Extension, ASME BPVC Section XI Task Group report on

fatigue, NRC pipe crack studies, EPRI Materials Degradation and environmental effects studies,

and EPRI/industry erosion-.corrosion work.

3.5.3 Information Requirements

To properly evaluate possible failure modes for a given piping segment, specific system

information is required. This includes: piping materials, system thermal operating modes

(pressure, temperature, and number of cycles), the presence of any thermal transients, the

presence of any extended system layup periods or intermittent system operation, system water

chemistry, and previous ISI experience.

Plant operating experience should be sought including cracks, leaks, repairs, corrosion, valve

leakage, vibration observed during normal operation or during test modes, pipe support issues

(including snubber drag loads or lockup, spring hangers topped out or bottomed out), high

steam condensate flows, and inadvertent or unexpected system transients.
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The best source of qualitative information regarding piping operation and past history is

typically the "system engineer" who has full responsibility for the design basis and maintenance

of one or more assigned systems. Piping ISI program inspectors and engineers assigned to

evaluate identified flaws are also good sources of information for active degradation

mechanisms.

3.5.4 Considerations for Selection of Likely Failure Mechanism(s)

Selection of possible failure modes can have a significant influence on the estimated failure

probability. One approach for identifying possible failure modes and locations is to classify the

pipe segment along the following lines:

Configuration dependent. This factor considers the effect of the piping layout and

support arrangement. For example, piping with low flexibility for thermal expansion

will experience high bending moments which will in turn drive crack growth.

Component dependent. For example, socket welds have low resistance to sustained

vibration. Elbows or the piping immediately downstream of valves, which add

turbulence to the flow, are therefore locations susceptible to erosion-corrosion-wear.

Materials/chemistry dependent. The IGSCC susceptibility of 304 stainless steel is the

most common example. Dissimilar material welds are another example.

Loads dependent. An example of this is the number of cycles seen by the system.

Another example is piping where inadvertent operation may lead to water hammer

events. Seismic events are also included under this category.

Interactions among the factors are of course common.

If more than one degradation mechanism is present in a given piping segment, then the

limiting values for each mechansim should be combined so that a limiting failure probability is

calculated for risk ranking. Component dependent failure modes are easily localized to a single

or small number of locations. Materials dependent or operations dependent mechanisms are

often present throughout the segment. In such cases, interactions with other effects must be

considered for determining the most likely mechanisms. Load dependent failure modes would
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typically involve undetected preexisting flaws or degradation that could fail under high loads.

The high loads could arise from dynamic (seismic, water hammer) events, large thermal

expansion loads (configuration dependent) not considered in the design analysis, or external

loading.

3.5.5 Consideration of Other Piping Reliability Programs

There are several existing programs and activities that positively affect piping reliability. For

example, the use of solvents containing chlorides is restricted to help prevent degradation of

stainless steel piping. Another example is the set of restrictions on system operation that

prevent loading the piping outside its design basis. A third is the regular walkdowns

performed on piping by system engineers and plant equipment operators. A fourth example is

the erosion-corrosion control program implemented for carbon steel piping at many plants. All

of these programs provide a positive contribution to piping reliability. There are also periodic

system performance tests that are designed to verify equipment performance but have an

additional effect of demonstrating piping reliability.

The beneficial effects of such programs should be considered when estimating failure

probabilities of piping elements. If the programs are not considered, the risk-informed

inspections could become overly weighted to piping that is low safety-significant, compared to

how the plant is actually maintained and operated. It is therefore a better practice to categorize

the segments and select inspection locations and methods that dearly enhance safety by

recognizing all of the effects of the existing programs used to ensure piping reliability.

These considerations apply most directly to piping affected by flow-assisted-corrosion (FAC).

When properly implemented, the inspections, chemistry control, wall-thinning predictions and

component replacements comprising the FAC program result in highly reliable piping. The

maintenance of wall thickness above the minimums helps to ensure that failure is by leakage

rather than catastrophic failure. Other mechanisms for failure may be present in some

locations; therefore, the piping cannot be excluded altogether from the risk-informed inspection

program. This piping should be reviewed to determine the most probable failure location for

the other mechanisms and a failure probability should be calculated in a manner similar to

piping unaffected by FAC.
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It is important to recognize the distinction between risk-informed alternative ASME Section XI

examinations and other examinations and monitoring performed under an augmented

program. The alternative inspection program proposed pertains only to the ASME Section XI

pipe weld examination program (Categories B-F, B-J, C-F-1, C-F-2, and applicable Class 3 and

Non Class piping). Augmented examination requirements would remain unaffected. There

may be cases where the risk-informed program identifies a piping segment not currently in an

augmented program which may need to be added.

Typically, existing augmented programs such as FAC (E/C) remain unaffected by the

categorization of piping segments. In these cases, segments identified as high-safety significant

and requiring inspection will use augmented programs if they are applicable. For example, if a

segment in the feedwater system turns up as high risk with the postulated failure mechanism

as FAC, the procedure would require inspection of that segment in accordance with the station's

FAC program.

The presence of the FAC degradation mechanism, however, should not be neglected. Since the

FAC program is only intended to manage the wall loss and avoid catastrophic failure of the

pipe, some pipe wall erosion can take place. The effect of this moderate wall thickness

reduction (and any slight imperfections of program implementation) may be incorporated by

selecting a "moderate" value for the material wastage parameter in the SRRA (structural

reliability and risk analysis) failure probability estimation program (see Section 3.5.6 below).

The program will thus determine the probability of failure (leak or break) considering FAC and

all other relevant causative factors.

For example, at Millstone 3, pipe wall data developed during the last major inspection of the

secondary side piping was reviewed for the condensate, feedwater, blowdown and main steam

systems. In cases where there was active erosion indicated by the data, the level of material

wastage was input as moderate. The measured rates were not input directly. For the service

water system, the data on wall thickness wear rate was not readily available, so all locations

were input having moderate wastage potential. In actuality, the existing programs for

secondary side FAC and service water erosion ensure that there is adequate wall thickness for

all operating loads. There is an active program to replace sections of pipe that are significantly

degraded by erosion mechanisms. Additionally, extensive portions of the carbon steel service

water piping have been internally coated with an epoxy material to protect the pipe wall from

corrosion. Thus, these identified active mechanisms are adequately controlled and managed by

the existing augmented programs.
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If the proposed inspection locations are determined after ranking to be high safety-significant,

inspections should be performed at the specified element. An evaluation may be required if

there are any additional failure modes beyond the expected FAC wall thinning to ensure the

FAC examinations are adequate. Other Code requirements such as inspector qualifications may

need to be satisfied.

A similar approach may be taken with other degradation mechanisms for which mechanism-

specific programs have been developed. Examples include programs to manage service water

piping degradation due to erosion or microbiologically induced corrosion. When such

programs are in place and determined to be effective, the failure probability estimation may

take them into account. On the other hand, if credit for such programs is taken, then

reevaluation of the affected segments must be performed when the programs are changed or

discontinued.

3.5.6 Failure Probability Determination

Several approaches can be used to categorize and prioritized the likelihood of failure. A

qualitative rating (high, medium, and low likelihood) can be used. However, a quantitative

approach is used because it provides further refinement of these general categories.

The task of estimating component failure probabilities can be challenging. In most cases

though, consideration of failure probabilities, however uncertain their estimated values, leads

to a more effective allocation of inspection resources compared to present practices. Although

individual values of calculated failure probabilities may have large uncertainties, the relative

values (e.g., from location to location in a given piping system) and aggregate average values

are generally much less uncertain.

There will inevitably exist some uncertainty associated with the calculated probabilities. This is

because catastrophic structural failures rarely occur, and thus little historical data exists to

validate calculated low failure rates. Where failures at higher rates do exist (stress corrosion

cracking in BWR primary system piping and flow-assisted corrosion in balance-of-plant

piping), the data is used to benchmark the calculated probabilities.

Some of the methods available for estimating failure probabilities include:

o:\4393\versionA\4393-3b.doclb-020599 
82

o:\4393\VersionA\4393-3b.doclb-020599 82



Historical Data. A number of reports have been published, e.g., by Bush (1988), Jamali

(1992), Thomas (1981), and Wright, et al. (1984), with estimates of failure probabilities

for nuclear power plant systems and components based on the few occurrences of pipe

and vessel rupture events that have actually occurred in related situations. This

information is useful as benchmarks of estimates obtained from the other methods.

Expert Tudgement. Elicitation of expert opinion has gained acceptance as a means to

quantify input to PSAs and risk-informed studies. A systematic procedure, as described

by Wheeler, et al. (1989), has been developed for conducting such elicitations. Generally,

the process calls for enlisting and training a suitable team of experts. The team provides

responses to a collection of structured questions, allowing sufficient time for the experts

to document their rationale. The ASME Research Risk-Based Inspection Development

of Guidelines, Volume 2 - Part 1, Light Water Reactor Nuclear Power Plant Components

(1992) provides details of this process along with example results for ISI. However, the

expert judgement process can be laborious and require the use of several experienced

people beyond utility personnel.

SRRA Predictions. Structural reliability and risk assessment (SRRA) models are usually

based on probabilistic structural mechanics methods to estimate failure probabilities for

important components. SRRA estimates provide a higher level of detail than estimates

based on historical data or expert judgment. Locations within a system with varying

failure probabilities can be defined to focus ISI resources. SRRA models can also predict

the progress of degradation and/or crack growth as a function of time while

quantitatively accounting for the impact of random loadings, such as earthquakes.

These trends can be useful for selecting appropriate intervals over the service life of the

components for periodic ISI examination. Some SRRA models that have been

developed, (e.g., by Chapman and Davers (1987) and by Bishop and Phillips (1993)),

have been used in demonstration studies. These SRRA models have taken advantage of

the experience with previous probabilistic models, such as the PRAISE Code, which was

developed earlier by Harris, et al. (1981).

For the WOG plant applications, structural reliability and risk assessment (SRRA) tools were

used to estimate the failure probabilities for the piping segments. The SRRA tools were

originally developed by Westinghouse for Idaho National Engineering Laboratory (INEL) to
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address the aging of passive components for NRC and Department of Energy (DOE) (Bishop

and Phillips 1993) (used in the Millstone 3 application) and were modified specifically for

piping risk informed ISI (Supplement 1) (used in the Surry Unit 1 application). The SRRA

software is implemented as a suite of executable personal computer programs to specify input,

calculate and plot failure probability of piping with time for the selected input values of key

design, operational, and inspection parameters. The SRRA software uses Monte-Carlo

simulation with importance sampling to calculate the probability of leak for type 304 or

316 stainless steel piping (due to fatigue crack growth and stress corrosion cracking) or for

carbon steel piping (due to fatigue crack growth and loss of thickness due to wastage, such as

flow-assisted-corrosion). The SRRA models are described in detail in Supplement 1 to this

WCAP Report. It describes the latest changes to the SRRA models as well as discusses the code

inputs, guidelines for selecting limiting locations and estimating failure probabilities,

guidelines on expertise and information required, and sample outputs. Benchmarking of the

SRRA code with failure data and the PRAISE code and the uncertainties in the calculated

probabilities are also discussed in this supplement.

In cases in which the SRRA tool could not be applied (such as pipe segments containing copper-

nickel material or pipe internally coated with epoxy), expert judgement should be used to

provide a failure probability estimate.

Failures in a piping segment due to the dominating mechanisms are correlated, not

independent, and the dependencies can not be specifically identified quantitatively. Piping

welds in a segment are typically fabricated with the same materials and processes and

subjected to the same types of operating conditions, such as flow medium, pressure,

temperature, seismic loading. Since the types of potential degradation mechanisms would

therefore be similar for the limiting welds in a segment, the weld failures would more correctly

be characterized as correlated. Correlated means they would all have comparable trends, such

as all being relatively high or low, but not both. The combining of all significant degradation

mechanisms for the segment probability would be even more correlated than the individual

locations with those mechanisms. Physically, the weld with the highest failure probability at a

given time would be the one expected to fail first (either on demand or in response to a loading)

and thus result in a piping failure in the segment. Since its probability is typically several

orders of magnitude higher than those without the dominating mechanisms, the addition of all
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of these lower independent probabilities would not significantly change the numerical value

for the segment.

The use of leak and break probabilities, along with their associated consequences, is inherent in

the risk-informed process of identifying what circumstances contribute most to the overall risk.

Leak-before-break (LBB) is a deterministic conclusion that postulated large flaws remain stable

and that expected leak rates will be detected with conservative margins. It is distinct from the

SRRA leak and break predictions.

In 10 CFR 50 Appendix A, General Design Criteria (GDC) 4, LBB is given as an acceptable

justification to waive rupture hardware requirements for the dynamic effects of postulated

rupture. The GDC 4 context of LBB does not apply to the RI-ISI process because there is no

request to waive a design requirement for the dynamic effects of a postulated accident. The

requirement for GDC hardware is quite independent of ISI programs. For example, by GDC 4,

a rupture restraint may be required even on a low safety significant segment; similarly, an ISI

inspection may be required on a weld for which there is no GDC 4 required hardware. Given

that the RI-ISI program will maintain or reduce expected leak and rupture rates, any underlying

assumption in GDC 4 regarding reasonable piping reliability continues to hold true.

Table 3.5-2 identifies example piping segment small and full break failure probabilities for the

representative WOG plant, Millstone Unit 3. The piping failure modes are either a through-

wall crack (small leak) or limiting crack length for a large leak. Exceeding the flow stress in the

remaining uncracked section (full break) during a design limiting event would also result in a

large leak failure.

Typically, the probability of a leak is two to three orders of magnitude greater than that for a

break. According to the Swedish SKI report on U.S. plant operating experience (SKI 1996),

about 8% of the incidents were ruptures while the remainder were leaks or failures. The

numbers are approximate, but they demonstrate that in most cases the leak is observed or

detected before it progresses to a break. This result is expected given that piping materials are

quite ductile. Now that the FAC mechanism is well understood by the industry and monitoring

programs have been implemented, the number of ductile ruptures due to gross pipe wall

thinning will be even smaller.
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Table 3.5-2
EXAMPLE CALCULATED PIPE FAILURE PROBABILITIES

FOR MILLSTONE 3 (Note 1)

Failure Probability (Note 2)

Small Leak Full Break

Segment ID Segment With With
Description No ISI No ISI

ISI (Note 3) ISI (Note 3)

EMERGENCY CORE COOLING-ECCS

ECCS-1 From CV 8819C and CV 8819C to 0 0 0 0
CV 8847C (6.4E-08) (6.4E-08) (2.3E-12) (2.3E-12)

ECCS-2 From CV 8819A and CV 8819A to 0 0 0 0
CV 8847A (6.4E-09) (6.4E-09) (2.3E-12) (2.3E-12)

ECCS-3 From CV 8819D and CV 8819D to 0 0 0 0
CV 8847D (6.4E-09) (6.4E-09) (2.3E-12) (2.3E-12)

ECCS-4 From CV 8819B and CV 8819B to 0 0 0 0
CV 8847B (6.4E-09) (6.4E-09) (2.3E-12) (2.3E-12)

ECCS-5 From CV 8847A and CV 8956A to 9.2E-09 8.7E-09 1.4E-13 1.4E-13
CV 8948A

ECCS-6 From CV 8847B and CV 8956B to 0 0 0 0
CV 8948B (6.4E-09) (6.4E-09) (2.3E-12) (2.3E-12)

ECCS-7 From CV 8847C and CV 8956C to 9.2E-09 8.7E-09 1.5E-15 1.5E-15
CV 8948C

ECCS-8 From CV 8847D and CV 8956D to 1.4E-08 9.9E-09 7.5E-15 6.6E-15
CV 8948D

MAIN FEEDWATER/CONDENSATE SYSTEM

FWS-1 From MOV 35A to FCV 510 1.1E-03 6.2E-06 0 0
(3.5E-11) (3.5E-11)

FWS-2 From FCV 510 and LV 550 to CTV 41A 1.1E-03 6.2E-06 0 0
(3.5E-11) (3.5E-11)

FWS-13 From main feedwater pumps P1, P2A, 1.4E-03 7.1E-05 2.5E-07 2.1E-08
P2B to MOVs 35A, B, C, D

FWS-18 From condenser pipe connections 3A, 1.2E-03 1.7E-04 6.8E-07 2.3E-08
3B, 3C to MOVs 49A, B, C

Note 1: Based on modifications to the SRRA model, these example failure probabilities are likely to
change.
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Table 3.5-2 (cont.)
EXAMPLE CALCULATED PIPE FAILURE PROBABILITIES

FOR MILLSTONE 3 (Note 1)

Failure Probability (Note 2)

Small Leak Full Break

Segment ID Segment With With
Description No ISI No ISI

ISI (Note 3) ISI (Note 3)

REACTOR COOLANT SYSTEM - RCS

RCS-7 LPSI connection from Loop A cold leg 1.9E-06 1.3E-06 4.1E-09 3.4E109
tee to CV 8948A

RCS-22 LPSI connection from Loop C cold leg 1.9E-06 1.3E-06 4.2E-09 3.4E-09
tee to CV 8948C

RCS-29 LPSI connection from Loop D cold leg 1.9E-06 1.3E-06 4.1E-09 3.4E-09
tee to CV 8948D

RCS-54 LPSI connection from Loop B cold leg 0 0 1.2E-12 1.2E-12
tee to CV 8948B (2.1E-08) (2.IE-08)

HIGH PRESSURE SAFETY INJECTION

SIH-4 From MOVs 8821A and 8821B to CVs 0 0 0 0
8819ABCD (2.2E-09) (2.2E-09) (8.1E-13) (8.1E-13)

SIH-5 From MOVs 8920 and 8814 to RWST 5.4E-08 4.1E-08 1.2E-10 5.9E-12

LOW HEAD SAFETY I!JECTION-SIL

SIL-4 From MOV 8809A to CVs 8818AB 0 0 0 0
(2.5E-08) (2.5E-08) (9.2E-12) (9.2E-12)

SIL-5 From MOV 8809B to CVs 8818CD 0 0 0 0
_ (2.5E-08) (2.5E-08) (9.2E-12) (9.2E-12)

SERVICE WATER SYSTEM-SWP

SWP-1 Service water pump PID to MOV 102D 1.7E-03 1.3E-04 2.6E-08 5.6E-11
and return to pump

SWP-2 Service water pump PiB to MOV 102B 1.7E-03 1.3E-04 2.6E-08 5.6E-11
and return topup PUM

SWP-3 Service water pump PIC to MOV 102C 1.7E-03 1.3E-04 2.6E-08 5.6E-11
and return to pump _

SWP-4 Service water pump P1A to MOV 102A 1.7E-03 26E-05 2.6E-08 3.2E-11
and return to pump

SWP-5 Service water pumps PIB & PID 6.6E-05 8.8E-06 0 0
discharge to MOV 54B, 54D, 71B and 50B (3.7E-13) (3.7E-13)

Note 2:- Failure probability at end of life (see Supplement 1 for description of failure modes). For the
cases in which 0 failures are predicted, the values in parentheses are those calculated assuming
one half failure in 5000 trials, corrected for importance sampling.

Note 3: The failure probabilities shown "with ISI" reflect the inspection interval and inspection accuracy
associated with the inspection method recommended for each respective location.

o.\4393\VersionA\439-1-3b.doalb-030199 87



For Millstone, the full break failure probabilities without ISI were used in the calculations to

determine the total segment core damage frequency. The small leak probabilities were used as

part of a sensitivity study.

Although the SRRA code sometimes calculated very small full break probabilities, a minimum

threshold pipe failure probability of 1E-08 was selected for use in the consequence calculations

for Millstone 3. This value was used for piping segments in which a credible failure mechanism

could not be postulated. This threshold was used to account for the possibility of an incredible

pipe failure and to account for consequence-driven pipe segments.

Two sensitivities were conducted for Millstone 3 which address the effects of changing the

piping failure probabilities used for the risk ranking calculations. One sensitivity, 'Use of Leak

Probabilities," used the calculated leak probability instead of the full break probability (with the

truncation limit of 1.0E-08). The second sensitivity, "Use of Actual SRRA Failure Probabilities,"

used the SRRA calculated break probabilities (which ranged from 1E-09 to 1E-15) without the

truncation limit. These sensitivities are discussed in the next section.

The methodology used in the Millstone 3 application focused primarily on the effects of pipe

breaks. The risk-informed ISI work for the Surry pilot plant study has modified the

methodology to examine leaks, disabling leaks, and full breaks. Based on the piping failure

probabilities calculated for the Surry study, there are no probabilities used for the risk ranking

calculations below 1.0E-08.

Table 3.5-3 provides example piping segment failure probabilities for small leak (through wall

flaw) and large leak (system disabling leak) for Surry. The Surry failure probabilities are much

higher than the probabilities calculated for Millstone 3 as a result of the changes to the SRRA

model described in Supplement 1.

3.6 SELECTION OF ISI SEGMENTS

This section discusses how the segments are categorized into two risk categories: high safety-

significant and low safety-significant. There are three phases to the risk categorization process:

1) application of the PSA to calculate the total pressure boundary core damage frequency (CDF)

and LERF (if possible) and importance measures and evaluation of other PSA-related factors,
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Table 3.5-3
EXAMPLE PIPE FAILURE PROBABILITIES FOR SURRY UNIT 1

Segment ID Postulated Failure Small Leak Small Leak Large Leak Large Leak
Mode(s) Probability Probability Probability Probability

No ISI With ISI No ISI With ISI
No Leak No Leak

Detection Detection

AFW-001 Corrosion 8.80E-03 8.80E-04 8.80E-03 8.80E-04

CC-025 Vibration fatigue 8.50E-02 8.19E-02 3.43E-02 3.30E-02

CH4021 SCC 1.22E-03 7.53E-05 6.OOE-04 6.45E-07

CN-001 Wastage/water hammer 3.60E4-1 3.60E-02 3.60E-41 3.60E-02

ECC-003 Thermal stratification 8.67E-04 9.35E-05 8.30E-04 2.91E-05

FW-012 Wastage 3.60E-41 3.60E-02 3.60E-41 3.60E-02

HHI-004C Snubber locks up under 3.88E-05 2.76E-06 2.66E-05 9.14E-07
TC

LHI-004 Fatigue 2.01E-45 7.48E-07 1.52E-05 1.17E-07

MS-033 Wastage 2.63E-02 2.63E-03 2.63E-02 2.63E-03

RC-016 Large Striping/stratification 5.31E-04 1.70E4-5 3.09E-04 5.52E-06
LOCA

RC-016 Striping/stratification 5.31E-04 1.70E-05 3.34E-04 6.35E-06
Med LOCA

RC-016 Striping/stratification 5.31E-04 1.70E-05 3.59E-04 7.OOE-06
Small LOCA

RC-058 Fatigue 4.15E-05 3.20E-05 4.56E-45 2.81E-05
Med LOCA

RC-058 Fatigue 4.15E-05 3.20E-05 4.56E-05 2.81E-05
Small LOCA

RH-003A SCC/vibration fatigue 6.78E-02 1-52E-02 4.55E-02 8.19E-03

SW-004 Fatigue 1.OOE-02 1.OOE-02 1.OOE-02 1.OOE-02

VS-002 Vibration fatigue 6.63E-03 2.85E-03 8.69E-03 4.05E-03
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2) integration of other deterministic considerations, and 3) expert panel evaluation. The

segment risk-ranking process is shown in Figure 3.6-1.

3.6.1 Risk-Ranking

Because plant PSA models do not explicitly include piping pressure boundary failures except

for LOCAs, Steam Generator Tube Rupture (SGTR), steamline/feedline breaks, and Reactor

Vessel Rupture, another method for evaluating pressure boundary failures in terms of risk was

required and is described below.

First, a means to determine the relative risk significance of piping segments was necessary.

Because piping failure probabilities are low, if the total CDF (LERF) for all plant internal events

is used, none of the pressure boundary piping components would be high safety-significant via

RRW (all RRWs would be equal to 1.0). Thus, the PSA results will be useless in helping to

determine where to focus priorities for piping ISI. Modeling the piping pressure boundary

failures and then assessing the relative risk significance to a total CDF (LERF) related to just

piping pressure boundary failures renders more meaningful results. Therefore, it was decided

that the total CDF (LERF) used in the risk significance evaluation should only account for those

associated with piping pressure boundary failures.

Secondly, how to determine the CDF (LERF) due to piping pressure boundary failures was

evaluated. The inclusion of piping segments directly into the PSA models was considered but

not adopted since: 1) the effort would be too labor intensive and 2) the pipe segment failure

probabilities are sufficiently lower than already-modeled components, that the pipe segments

would in all likelihood fall below the truncation limits used in quantifying PSA models.

Therefore, the approach identified was to quantify the CDF (LERF) due to piping pressure

boundary failures outside the PSA model but to use the plant PSA model as input. To

determine the CDF (LERF) for each piping segment, a surrogate component (basic event or set

of basic events, such as a pump or valve failure to function) or an initiator that is already

modeled in the plant PSA is identified in which the consequence or impact on the CDF (LERF)

matches the postulated consequence for the piping pressure boundary failure. The surrogate

component is assumed to fail with a failure probability of 1.0 for use in obtaining the

conditional core damage frequency (or probability). When choosing a surrogate component,

care must be taken to account for the ways in which the component has been modeled in the

PSA, including recovery actions which may have been modeled to restore the operability of the
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component. If the recovery action was determined to be inappropriate for the postulated

consequence given a piping failure, the recovery action basic event should also be failed with a

probability of 1.0. The conditional core damage frequency/probability results are combined

with segment failure probability/rate to obtain the CDF (LERF) contribution for each segment.

The CDF (LERF) contributions from all piping segments are then summed to obtain total piping

pressure boundary failure CDF (LERF). The identification of a surrogate component(s) is

usually possible unless the system was not modelled in the PSA. If the system is not modelled

in the PSA, then other deterministic methods (operational considerations, shutdown risk,

external events, design basis analysis, etc.) are used to evaluate the safety significance by the

plant expert panel.

From this information, the risk importance measures can then be calculated to provide a

relative ranking of piping segments.

In order to use the plant PSA as input to the pressure boundary failure CDF (LERF)

calculations, the postulated consequences of the failure must be identified as described in

previous sections.

Then based on the postulated consequences, the PSA model must be manipulated to obtain the

required information. The consequences to be considered from both direct effects and indirect

effects include:

Failures that cause an initiating event such as a LOCA or reactor trip

* Failures that disable a single component, train or system

* Failures that disable multiple components, trains or systems

* Failures that cause any combination of the above

The process calculates the probability/frequency of a piping failure which could cause an

initiating event or render a system incapable of performing its safety function and matches this

with the consequences from the failure.
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For a given segment, the general CDF (LERF) calculation would be:

P(CDF/LERF) = P(leak)*C(leak) + P(disabling leak)*C(disabling leak) +

P(break)*C(break)

where P is the failure probability or rate and C is the consequence resulting from the

piping failure. Depending on the piping failure consequences postulated, one or more

terms of this equation may be used for a given piping segment.

Described below is guidance developed regarding the use of failure probabilities dependent on

the type of consequences.

Consequence Which Failure Probability to Use

Jet Impingement/Spray Leak probability

Loss of system function Disabling Leak or Full Break*

Initiating Event Disabling Leak (causes plant trip) or Full Break*

Flooding Disabling Leak or Full Break*

Pipe Whip Full Break

* whichever is the higher failure probability.

Because the consequences can vary and the correct PSA and failure probability information is

necessary for the CDF (or LERF) calculations, the process requires different manipulations for

each type of consequence. The process is outlined in Figure 3.6-2. The same process is applied

to calculate LERF. Different equations were developed to ensure the proper calculation for each

type of consequence. Care must be taken to ensure that the correct units are applied both from

the failure probability calculations and the core damage frequency (LERF) calculations to obtain

a core damage frequency (in units of events per year) (or LERF) for each piping segment. The

results of conditional core damage frequency/probability (or LERF) are combined with the

results of the segment failure probability/rate to obtain core damage frequency (or LERF) for

each segment. The different consequence calculations are described below.
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DOES PIPE BREAK CAUSE ONLY
AN INITIATING EVENT? YES

4 NO

USE \TIATING EVENT EQN (3-1)

USE MITIGATING SYS EQN (34)

DOES PIPE BREAK AFFECT ONLY
MITIGATING SYSTEM?
(I.E. CAN BE MATCHED DIRECTLY
TO A SURROGATE COMPONENT
IN PRA?)

YE-S

4 NO

DOES PIPE BREAK CAUSE
INITIATOR AND MITIGATING
SYSTEM EFFECTS? IYES

I=> USE ElBMiTIGATING SYS EQN (3-9)

4 NO

PERFORM SENSITIVITY ANALYSIS
TO DETERMINE CORE DAMAGE
FREQUENCY IMPACT ] SPECIAL CASES

Figure 3.6-2 Core Damage Frequency Calculation Process*
*(also applied to LERF calculations)
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Initiating Event Consequence

For piping failures that cause an initiating event only, the portion of the PSA model that is

impacted is the initiating event and its frequency. For a piping segment, the core damage

frequency from the piping failure is calculated by:

CDFr5 = FRrB * CCDPE (3-1)

where:

CDFPB = Core Damage Frequency from a piping failure (events per year)

CCDPIE = Conditional core damage probability for the initiator

FRI, = Piping failure rate assuming no ISI (in events per year)

The conditional core damage probability is determined from existing base PSA results. The core

damage frequency contribution from the initiating event postulated for the piping failure is

identified along with the base PSA initiating event frequency. Dividing the CDF by the

initiating event frequency yields the conditional core damage probability as shown by:

CCDPIE = CDFIE / FREQIE (dimensionless) (3-2)

where:

CDFIE = Base PSA Core Damage frequency from the initiating event

(in events per year)

FREQME = Initiating event frequency from base PSA (in events per year)

Alternatively, the PSA model can be re-evaluated by changing the initiating event frequency to

1.0 and recalculating the conditional core damage probability for that initiator. An example of a

piping failure resulting in an initiating event is the failure of a piping segment in the main

feedwater system near the main feedwater pumps (that does not also cause a loss of auxiliary

feedwater). This piping failure is equated to a loss of main feedwater initiating event. Given
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that the base PSA CDF contribution from the loss of main feedwater is 7.67E-07 events/year

and the initiating event frequency is 0.64 events/year,

CCDPIE = CDFE / FREQIE

= 7.67E-07/year / 0.64/year

= 1.20E-06

Similarly, for a piping failure in the RCS which results in a large LOCA with a large LOCA CDF

of 1.90E-06/year and an initiating event frequency of 2.03E-04/year, the conditional core

damage probability is determined to be 9.36E-03.

The piping failure rate (in events per year) is obtained from the SRRA model assuming no ISI.

Because the SRRA model generates a probability, the probability must be transformed into a

failure rate. The cumulative failure probability at end of license is divided by the number of

years at end of license. In other words,

FR, = FP1,/EOL (3-3)

where:

FPr 8  = Piping failure probability from SRRA model assuming no ISI

(dimensionless)

EOL = Number of years used in SRRA model from beginning to end of

license (usually assumed to be 40 years)

For a piping segment in the main feedwater system in which a failure probability from the

SRRA model (no ISI) is identified to be 6.80E-07, the failure rate would be (6.80E-07/40 years) or

1.7E-08/year. Similarly, for a piping segment in the RCS in which a failure probability from the

SRRA model is determined to be 8.38E-06, the failure rate would be (8.38E-06 / 40 years) or

2.10E-07/year

o:\4393\VersionA\4393-3b.doclb-020599 96

I



Using the above information for both the conditional core damage probability and piping

failure rate, the piping segment core damage frequency can be calculated. For the RCS piping

segment described above, the core damage frequency from the piping failure is calculated by:

CDF,8  = FR1, * CCDPIE

= 2.10E-07/year * 9.36E-03

= 1.96E-09/year

For the main feedwater piping segment, the core damage frequency would be (1.70E-08/year *

1.20E-06) or 2.04E-14/year.

Mitigating System(s) Consequence

For piping failures that cause only mitigating system(s) degradation or loss, the core damage

frequency for the piping segment is determined by the following equation:

CDFt, = FPl' * ACDFrs (3-4)

where:

CDF,, = Core Damage Frequency from a piping failure (in events/year)

ACDF1 8 = Change in CDF between segment failed and segment not failed

(in events/year)

FPPB = Pipe break failure probability (dimensionless)

To obtain the change in CDF, a surrogate component (basic event or set of basic events, such as

a pump or valve failure to function) that is already modeled in the plant PSA is identified in

which the consequence or impact on the CDF matches the postulated consequence for the

piping failure. The surrogate component is assumed to fail with a failure probability of 1.0 to

obtain a new total plant core damage frequency. In order to determine the change in core

damage frequency for the piping segment only, the base total plant PSA CDF is subtracted from

the new total plant CDF as shown by:
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ACDFr, =CDFr.l - CDFBASE (3-5)

where:

CDFrsio0 = new total plant CDF with surrogate component = 1.0 (in events/year)

CDF = base total plant CDF (in events per year)

Equation (3-5) is used to determine the conditional core damage frequency (or conditional

LERF) for the mitigating system consequence. Because the failure of piping is not modeled in

the PSA explicitly for mitigating systems (i.e., its probability of failure is implicitly set to 0),

CDFBASE is the appropriate term (the surrogate component failure probability should not be set

to 0 since the surrogate component could still fail randomly at the failure probability included

in the base model).

The following provides the failure probability equations for a system that is in continuous

operation and for a system that is in standby.

Continuously Operating Systems Calculations for Mitigating System(s) Consequence

For systems which are continuously operating before an initiating event occurs and are

required to respond to the initiating event, the unavailability calculation is:

FPr3 = FRrs * T. (3-6)

where:

FRr8 is the failure rate (in events per unit time)

Tm is the total defined mission time (24 hours for most PRAs)

From the SRRA output, the failure rate (in hours) is estimated by:

FRrB = FPEO,/(EOL years* 8760 hrs/year) (3-7)

o:\4393\VersionA\4393-3b.doclb-020399 
98

o:\4393\VersionA\4393-;b.doclb-020599 98



This equation should be used for those piping segments that are continuously under static

pressure or are attached to storage tanks. The failure is identified by alarms and the segment

unavailability is immediately recognized.

For example, for a Surry piping segment in the component cooling water system, the failure

probability from the SRRA model (no ISI) is determined to be 7.37E-05. The failure probability

(FP) would be (7.37E-05/40 years * 1 year/365 days) * (1 day) = 5.05E-09.

The conditional CDF is calculated by subtracting the base PSA CDF (7.23E-05/year) from the

actual PSA run for the piping failure set to 1.0 (1.48E-03/year) to obtain the conditional CDF

(1.48E-03/year - 7.23E-05/year = 1.41E-03/year). For the CCW piping segment described

above, the core damage frequency from the piping failure is calculated by:

CDFPB = FPrB * CCDFrB

= 5.05E-09 * 1.41E-03/year

= 7.11E-12/year

Standbv Svstem Calculation for Mitigating System(s) Consequence

Because of the way the SRRA models both the time dependent and demand based failures

within the same SRRA model, there is not just one formula that would be accurate for all cases.

From a mechanistic viewpoint, the probability of failure on demand depends on several factors:

* how the potential degradation mechanism progresses (whether time sensitive or load

cycle sensitive)

* number of stress cycles seen in normal operation

a number of stress cycles seen in surveillance testing

whether the mitigation demand presents a significant loading challenge to the piping

* whether there is a significant expectation of unidentified water hammer type loading

and the probability of this event occurring during mitigation

The cumulative failure probability at end of life captures all of the contributing factors to the

failure probability regardless of whether it is concentrated early or later in plant life. Therefore,
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the cumulative failure probability is used as a time dependent element in the standard PRA

equation described below.

To estimate a structural pressure boundary failure probability for a standby component, the

following equation is used:

FPr5 = 1/2 (FR,) T2 + (FRr) Tm (3-8)

where:

FRPB is the failure rate (in events per unit time)

T, is the interval between tests that would identify a piping failure

Tm is the total defined mission time (24 hours for most PRAs)

Due to the short mission time (24 hours), the second term is usually small.

This equation does not include any contribution for exposure time (allowable outage times

(AOTs)) for several reasons:

* Operations will likely isolate the break, and the consequences may be different for this

situation than for the situation in which the isolation does not occur (the consequences

would be less severe in this state),

* The plant will likely be shut down given a disabling leak,

* The AOT time (generally 72 hours) will be small compared to the test interval for a

majority of the segments,

* Given operator walkarounds occurring at least once per shift (every 8 hours), the

exposure time would most likely be minimal, and

* The contribution to CDF from the occurrence of an initiating event during an AOT is

small compared to other contributors.

However, for systems in which the AOT is on the order of magnitude of the test interval (TV)

such that the AOT is approximately ( '/ Tt)/2, or 1/4 T., the contribution of unavailability

expressed as (FRp) AOT should be added to right side of equation 3-8.
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The piping failure may be detected by different types of tests and this should be taken into

consideration when identifying the interval between tests. For example, some piping failures

will be detected by monthly or quarterly pump surveillance tests; others will be detected only

by full flow system tests occurring during refueling and still others will be detected only by a

system pressure test which occurs every 10 years. As noted above for continuously operating

systems, if the pipe is continuously under static pressure or is attached to storage tanks such

that the failure is immediately recognized, then the continuously operating equation should be

used.

For example, for a Surry auxiliary feedwater system piping segment (from motor driven pump

P-3A to CV157), the failure probability from the SRRA code is determined to be 1.04E-02 and

the corresponding test interval was identified to be quarterly (piping is assumed to be tested

when the pump is tested). Using the above formula (3-8), the failure probability is:

FPrB = ½ (FIrs) T, + (FRrl) T.

= [½ (1.04E-02/40 years) * (0.25 years)]

+ [(1.04E-02/40 years) * (1 year/365 days) * 1 day]

= 3.32E-05

As another example, for a Surry auxiliary feedwater piping segment (from MOVs 160A and

160B to check valves 309 and 310, from the opposite unit auxiliary feedwater system), the

failure probability from the SRRA code is determined to be 3.58E-04 and the corresponding test

interval was identified to be 10 years (segment is isolated and only tested every 10 years).

Using the above formula (3-8), the failure probability is:

FPS = 1/2 (FRB) T, + (FPrB) Tm

= [1/2 (3.58E-04/40 years) * (10 years)]

+ [(3.58E-04/40 years) * (1 year/365 days) * 1 day]

= 4.48E-05

The change in CDF is calculated by subtracting the base PSA CDF from the actual PSA run

(3.15E-04) and the result is 3.15E-04/year - 7.23E-05/year = 2.43E-04/year. For the AFW piping
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segment described above (from opposite unit AFW system), the core damage frequency from

the piping failure is calculated by:

CDFrj = FPvB * ACDFr8

= 4.48E-05 * 2.43E-04/year

= 1.09E-08/year

Initiating Event and Mitigating System Degradation Consequence

For piping failures that simultaneously cause an initiating event and mitigating system

degradation or loss, core damage sequences involving both events simultaneously must be

evaluated. To evaluate this case, the event tree for the initiator which is impacted by the piping

segment failure is used with the surrogate component for the mitigating system assumed to fail

with a probability of 1.0. For piping failures that cause an initiating event and system

degradation, the following equation is applied:

CDFr3 = FR. * CCDP,,., (3-9)

where:

CDFrB = Core Damage Frequency from a piping failure (events per year)

CCDPIL nses1.O

FR,

= Conditional core damage probability for the initiator with

mitigating system component assumed to fail

= Piping failure rate (in events per year)

The conditional core damage probability for the initiator is determined by the following

equation:

CCDPILse 4. = CDF1 L segti.o / FREQIE (3-10)

where:

CDF, , = CDF from the initiating event with segment failed
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FREQ,E -= Initiating event frequency

For example, a piping failure in a segment in the charging system may result in a reactor trip

and a loss of the RWST. A surrogate component for the RWST is assumed to fail with a

probability of 1.0 and the reactor trip initiator event tree sequences are requantified to obtain

the new core damage frequency for that initiator (an alternative would be to set both initiating

event frequency and surrogate component to 1.0 and requantifying). For this example, the new

CDF for the reactor trip initiator with the segment failed was determined to be 5.61E-03/year.

With an initiating event frequency of 3.38/year, the conditional core damage probability is:

CCDPIE1.0 = CDFIE l / FREQIE

= 5.61E-03/year / 3.38/year

= 1.66E-03

Assuming that the piping failure probability is 1E-04, the failure rate is:

FR,8 = FPr,/EOL

= [1.OOE-04/40]

= 2.5E-06/year

The core damage frequency contribution can then be calculated as:

CDFrs = FRrS * CCDPL , .0 O

= 25E-06/year * 1.66E-03

= 4.15E-09/year

Special Cases

Not all piping segments fit into the three categories described above. Each piping segment is

analyzed separately to determine the best method of calculation. Some segments may fall into

several of these categories depending on the circumstance. For example, a failure in the piping

segment in the main feedwater system is postulated to result in a reactor trip and subsequent

loss of the main feedwater. This segment has two separate cases that are then added together
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to obtain the total core damage frequency for that segment. First, the segment is modeled as a

reactor trip and loss of main feedwater using equation 3-9 and then the segment is modeled as a

loss of main feedwater for the remaining initiating events using equation 34.

The "special cases" do not address situations where a single segment failure is not adequately

represented by a single surrogate. The "special cases" are used to address situations in which a

piping failure can cause two different types of events depending on the timing of the event. For

example, during normal plant operation, a pipe failure in the service water system may result

in a reactor trip. However, if a reactor trip has occurred and the same service water system pipe

failure occurs, it may be modeled as a mitigating system failure. These two cases are

"independent" (both can not occur at the same time) and thus the calculations use this

information.

Total Piping Segment CDF (or LERF)

For piping segments which have multiple impacts, the piping segment CDF is calculated using

Boolean algebra. For a RCS segment, which is postulated to have potential consequences of a

large LOCA (LL), medium LOCA (ML) or small LOCA (SL) depending on the size of the piping

failure, the CDF is calculated by multiplying the failure rates for each piping failure based on its

size by the probability of the postulated consequences as shown by:

CDF = FRL* CCDPL+FR L*CCDPlL + FRSL *CCDPSL

For example, for a Surry CCW piping segment whose failure depending on the timing of the

failure could result in either an initiating event or a system failure, the CDF for the system

impact is 7.11E-12/year and the initiating event impact is 1.40E-12/year. Using this

information, the total piping segment CDF is calculated as:

CDF,, = CDF + CDF s - (joint probability = CDFE *CDFSY)

= 1.40E-12/year + 7.11E-12/year - (1.40E-12 * 7.11E-12)

= 8.50E-12/year
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Modeling Insights and Conditions

It is not always possible to represent a pipe failure with a single component/event. Several

basic events in the PSA model may be used to represent a pipe failure. For example, simulating

the failure of piping around a pump may require that the failure probabilities for the pump and

the modeled recovery action for restoring the pump be set to 1.0 to represent the pipe failure.

For example, for Surry, a PSA run was defined to quantify the consequences of a rupture in the

following segments: RH-02, RH-03, and RH-03B. As a direct consequence of a piping failure in

these segments, it was assessed that suction to RHR pumps will be lost. Here, this consequence

is interpreted as the loss of both RHR pumps. No indirect impact was assigned to these

segments. Based on a review of the PSA model, it was judged that logical failure of the

1RHPSB-CC-lRHP1 basic event will simulate the postulated consequence. The

1RHPSB-CC-HP1 represents common cause failure of both RHR pumps.

For the risk ranking calculations, the following conditions were judged appropriate:

* For piping segments that are included in augmented programs (such as erosion-

corrosion and stress corrosion cracking programs), the SRRA failure probabilities with

ISI but without leak detection are used

For other piping segments, the failure probability without ISI and without leak detection

are used

The risk calculations are done for both 1) without operator recovery action and 2) with

operator recovery action from the piping failure. The latter case assumes perfect

operators, that is, no human error probabilities is included.

For cases in which spray or jet impingement as an indirect consequence is the failure

mode, the SRRA small leak (leak = through wall flaw) failure probability is used.

For cases in which system failure as a direct consequence is the failure mode, the SRRA

large leak (system function disabling leak) failure probability is used.
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* For cases in which pipe whip as an indirect consequence is the failure mode, the SRRA

full break (rupture) failure probability is used.

Total Pressure Boundary Core Damage Frequency (and LERF)

Each piping segment within the scope of the program is evaluated to determine its core damage

frequency and LERF due to piping failure. Once this is completed, the total pressure boundary

core damage frequency/LERF is calculated by summing across each individual segment. This

now provides the baseline from which to determine the risk importance measures. The same

process described for CDF can also be applied to determine the importance to LERF.

For Millstone 3, the total piping pressure boundary core damage frequency was estimated to be

2.28E-08/year with no operator action. The results by system are shown in Table 3.6-1. The

piping CDF does not result in an increase in the total plant CDF for all events (5.87E-05 per

year).

For Surry Unit 1, the total piping pressure boundary core damage frequency was estimated to

be 6.28E-05/year (without operator action). Figure 3.6-4 shows the results for each case. The

results by system for Surry are shown in Table 3.6-2 and Figure 3.6-3 (CDF and LERF with and

without operator action).

Risk Importance Calculations

Risk categorization involves calculating the relative importance of a component to a pre-

defined consequence measure, such as core damage frequency (CDF). Two importance

measures are generally calculated for each component: Risk-Reduction Worth and Risk

Achievement Worth Importance.

* Risk Reduction Worth (RRW) measures how much the core damage frequency will

decrease if the unavailability of the component of interest is set to 0 (that is, the

component is always available/perfectly reliable). The equation used to calculate RRW

is:

RRW = CDFt,. / CDFo (3-11)
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Table 3.61
MILLSTONE 3 NUMBER OF SEGMENTS DEFINED

AND PIPING CDF CONTRIBUTIONS BY SYSTEM'

System Number of Segments At-Power Pressure Boundary
CDF (events/year)

BDG (SG Blowdown) 4 1.61E-15

CCE (CCP Cool) 2 1.44E-11

CCI (SI Cool) with SmI

CCP (CCW) 14 2.25E-12

CHS (CVCS) 23 2.25E-09

CNM (Condensate) with FWS

DTM (Turbine Plant Drains) with MSS

ECCS 9 5.33E-10

EGF (DG Fuel) 4 3.21E-12

FWA (Aux Feed) 15 4.25E-09

FWS (Feedwater) 19 3.75E-14

HVK (Control Bldg Chilled Water) 1 4.21E-11

MSS (Main Steam) 30 3.20E-13

QSS (Quench) 5 4.79E-10

RCS 66 3.08E-09

RHS (RR) with SIL

RSS (Recirc) 11 5.98E-10

SFC (Fuel Pool) 4

SIH (HPI) 10 2.66E-09

SIL (LPI) 13 2.39E-09

SWP (SW) 29. 6.49E-09

TOTAL 259 2.28E-08

*Not modeled as part of at power PSA.

Note 1: Based on the modifications to the process, these results are likely to change.
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Table 3.6-2
SURRY UNIT 1 NUMBER OF SEGMENTS

AND PIPING RISK CONTRIBUTION BY SYSTEM

Number CDF CDF LERF LERF
of No Operator with Operator No Operator with Operator

System Segments Action Action Action Action

ACC 15 4.68E-11 3.06E-11 2.76E-11 3.81E-11

AFW 32 6.54E-6 2.59E-7 2.66E-7 1.28E-8

AS 2 7.84E-9 7.84E-9 7.85E-9 7.85E-9

BD 12 4.60E-7 4.60E-7 2.68E-7 2.68E-7

CC 66 2.34E-8 1.90E-8 1.97E-8 1.60E-8

CH 44 2.73E-7 2.73E-7 1.54E-9 1.54E-9

CN 9 1.20E-6 4.27E-8 6.74E-8 1.13E-9

CS 16 1.42E-7 9.74E-9 1.21E-8 2.17E-9

CW 16 1.00E-7 1.00E-7 2.79E-9 2.79E-9

ECC 8 9.78E-11 9.78E-11 8.08E-12 8.08E-12

EE 7 5.56E-10 5.56E-10 7.82E-12 7.82E-12

FC 9 N/A N/A N/A N/A

FW 20 4.76E-7 4.75E-7 2.51E-8 2.51E-8

H1H 27 8.05E-7 1.71E-7 7.17E-8 1.88E-8

LHIi 18 8.79E-8 1.44E-9 7.43E-9 5.02E-11

MS 38 4.25E-7 4.2aE-7 1.03E-8 1.03E-8

RC 96 1.61E-6 1.60E-6 4-56E-9 4.54E-9

RH 11 6.54E-8 6.54E-8 6.55E-8 6.55E-8

RS 13 3.81E-9 1.58E-9 5.85E-12 0

SW 54 4.37E-5 1.43E-7 4.13E-6 1.02E-8

VS 2 6.84E-6 0 2.24E-7 0

TOTAL 515 6.28E-5 4.05E-6 5.18E-6 4.46E-7
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where:

CDF0  = Core Damage Frequency when the component failure

probability is set to 0

CDFbaX = Base Core Damage Frequency

* Risk Achievement Worth (RAW) measures the increase in core damage frequency when

the component failure probability is set to 1.0. In other words, the RAW computes a

increase in CDF when the component of interest is guaranteed to fail. The equation

used to calculate RAW is:

RAW = CDF1 / CDFt,. (3-12)

where:

CDF2  = Core Damage Frequency when the component failure probability is set

to 1.0

CDFb, = Base Core Damage Frequency

The RAW for initiating events is interpreted differently from the RAW for non-initiating events.

The RAW for initiating events is calculated by essentially setting the frequency for initiating

events to "1 /yr" (the segment pressure boundary CDF is divided by the piping failure rate and

then multiplied by 1/yr) and then dividing by the total pressure boundary failure CDF. This is

used to identify the relative magnitude of the consequences to compare across segments that

are postulated to result in an initiating event. Since RAW is used primarily as a secondary

importance measure, this is judged to be acceptable.

Fussell-Vesely (F-V) Importance may be used in lieu of RRW because of the mathematical

relationship between the measures. Fussell-Vesely Importance (F-V) measures the decrease in

CDF if the components failure probability is set to 0.0. In other words, the F-V computes the

decrease in CDF when the component of interest is perfectly reliable. The equation used to

calculate F-V is:

F-V = (CDF.. - CDF.) / CDFba. (3-13)
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where:

CDF0  = Core Damage Frequency when the component failure probability is set

to 0.0

CDFb,. = Base Core Damage Frequency

In assessing the safety significance for the piping segments, RAW and RRW values are

calculated. Piping failure probabilities are typically very small compared to other component

failures modeled in the PSA. Therefore, when the failure probability is set to 1.0 for the RAW

calculation, large RAW values typically result. Table 2.3-1 (based on the EPRI PSA Applications

Guide) suggests that RAW values greater than 2 should be considered high safety-significant.

This EPRI criteria was not used for the WOG applications because the majority of the calculated

RAW values were above 2. Instead, the safety-significance determination focused on the RRW

values, and RAW values were used on a relative basis to help differentiate segments which had

similar RRW values. Segments are initially classified as high safety-significant if the RRW is

greater than 1.005 for the CDF or LERF calculations with or without operator action. Segments

with RRW values between 1.001 and 1.004 are deemed to be worthy of additional consideration

by the plant expert panel. This safety significance consideration is either confirmed or changed

by the expert panel during the panel review process.

A summary of results of the calculations for Millstone 3 are shown in Table 3.6-3. Segments

with a RRW value greater than or equal to 1.001 are shown along with the RAW values. The

RRW values range from 1.001 to 1.044 while the RAW values range from 1.85E+05 to 3.67E+06.

For Surry Unit 1, a summary of the segments with RRW values greater than 1.005 is shown in

Table 3.6-4. Table 3.6-5 summarizes the segments for each system that fall into the various risk

categories. The segments with RRW values greater than 1.005 were deemed high safety

significant while the segments with RRW values between 1.001 and 1.004 were deemed to be

worthy of additional consideration by the plant expert panel.

Sensitivity Studies

In addition to quantitatively comparing the risk importance measure results to the screening

criteria, the results are reviewed qualitatively as prescribed by the EPRI PSA Applications

Guide (EPRI 1995). Sensitivity studies are conducted to determine if changes in key

assumptions or data can impact the categorization of the piping segments. These sensitivity

studies address the potential changes in component rankings by varying the estimates of the
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Table 3.6-3
MILLSTONE UNIT 3 RESULTS

PIPING SEGMENTS WITH RRW 21.001

Segment RRW RAW

CHS-3 1.026 2.65E+06

CHS-5 1.026 2.65E+06

CHS-7 1.026 2.65E+06

CHS-23 1.021 2.08E+06

ECCS-0 1.021 2.08E+06

ECCS-5 1.001 5.22E+04

ECCS-6 1.001 5.22E+04

ECCS-8 1.001 5.22E+04

FWA-1 1.002 3.66E+06

FWA-4 1.002 3.66E+06

FWA-7 1.038 3.66E+06

FWA-12 1.038 3.66E+06

FWA-14 1.038 3.66E+06

FWA-16 1.038 3.66E+06

FWA-18 1.038 3.66E+06

HVK-1 1.002 1.85E+05

QSS-2 1.021 2.08E+06

RCS-1 1.004 4.11E+05

RCS-2 1.004 4.11E+05

RCS-3 1.001 4.11E+05

RCS-5 1.004 4.11E+05

RCS-6 1.004 4.11E+05

RCS-8 1.006 4.11E+05

RCS-9 1.005 4.11E+05

RCS-10 1.005 4.11E+05

RCS-11 1.007 4.11E+05

RCS-13 1.004 4.11E+05

RCS-14 1.005 4.11E+05

RCS-16 1.004 4.11E+05

RCS-17 1.004 4.11E+05

RCS-18 1.044 4.11E+05
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Table 3.6-3 (conL)
MILLSTONE UNIT 3 RESULTS

PIPING SEGMENTS WITH RRW 2 1.001

Segment RRW RAW

RCS-20 1.044 4.11E+05

RCS-21 1.005 4.11E+05

RCS-23 1.005 4.11E+05

RCS-24 1.005 4.11E+05

RCS-25 1.007 4.11E+05

RCS-27 1.004 4.11E+05

RCS-28 1.005 4.11E+05

RCS-43 1.001 4.11E+05

RCS-56 1.001 4.11E+05

RSS-11 1.026 2.64E+06

SIH-1 1.021 208E+06

SIH-2 1.039 2.08E+06

SIH-3 1.039 2.08E+06

SIH-4 1.021 2.08E+06

SIL-1 1.021 2.08E+06

SIL-2 1.021 2.08E+06

SIL-3 1.021 2.08E+06

SIL4 1.021 2.08E+06

SIL-5 1.021 2.08E+06

SWP-1 1.036 1.32E+06

SWP-2 1.036 1.32E+06

SWP-3 1.035 1.30E+06

SWP-4 1.035 1.30E+06

SWP-5 1.013 1.32E+06

SWP-6 1.013 1.32E+06

SWP-7 1.013 1.30E+06

SWP-8 1.013 1.30E+06

SWP-23 1.013 1.30E+06

SWP-25 1.013 1.32E+06

SWP-26 1.018 6.69E+05

SWP-27 1.018 6.69E÷05

SWP-28 1.017 6.64E+05

SWP-29 1.017 6.55E+05
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Table 3.6-4
SURRY UNIT 1 RESULTS

SEGMENT SUMMARY BY SYSTEM
(SEGMENTS WITH RRW > 1.005)

llApplicable Case
Segment ID RRW (CDFILERF, WI or WIO Operator Action)

ACC

|None |

AFW

AFW-4 1.02 CDF-Op act
1.008 LERF- Op act

AFW-5 1.02 CDF- Op act

AFW-6 1.02 CDF- Op act

AFW-15 1.01 CDF -No Op act
1.006 LERF - No Op act

AFW-16 1.01 CDF- No Op act
1.006 LERF -No Op act

AFW-17 1.02 CDF- No Op act
1.01 LERF -No Op act

AFW-18 1.02 CDF- No Op act
1.01 LERF -No Op act

AFW-19 1.02 CDF- No Op act
1.01 LERF - No Op act

AS

AS-I [1.005 LERF -Op act

AS-2 1.01 LERF - Op act

BD

BD.-002B 1.02 CDF- Op act
1.009 LERF - No Op act
1.11 LERF- Op act

BD-003 1.02 CDF- Op act
1.009 LERF - No Op act
1.11 LERF - Op act

BD-005B 1.02 CDF- Op act
1.009 LERF - No Op act
1.11 LERF - Op act

BD-006 1.02 CDF- Op act
1.009 LERF - No Op act
1.11 LERF - Op act
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Table 3.6-4 (cont.)
SURRY UNIT 1 RESULTS

SEGMENT SUMMARY BY SYSTEM
(SEGMENTS WITH RRW > 1.005)

Applicable Case
Segment ID RRW (CDFILERF, WI or WIO Operator Action)

BD-008B 1.02 CDF- Op act
1.009 LERF - No Op act
1.11 LERF - Op act

BD-009 1.02 CDF- Op act
1.009 LERF -No Op act
1.11 LERF -Op act

CC

CC-25 1.008 | LERF - Op act

CC-30 1.008 LERF - Op act

CC-33 1.008 LERF - Op act

CH

CH-008 1.02 CDF - Op act
CH-009 1.02 CDF - Op act

CH-010 1.02 CDF - Op act

CN
CN-008 1.02 CDF - No Op act

1.007 CDF - Op act
1.013 LERF - No Op act

CS

None J _
CW

CW-5 1.006 CDF-Op act

CW-6 1.006 CDF-Op act

CW-7 1.006 CDF-.Op act

CW-8 1.006 CDF-Op act

ECC

None

EE

None

FC

N/a

FW

FW-1 1.007 LERF - Op act
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Table 3.6-4 (cont.)
SURRY UNIT 1 RESULTS

SEGMENT SUMMARY BY SYSTEM
(SEGMENTS WITH RRW > 1.005)

Applicable Case
Segment ID RRW (CDFILERF, W/ or W/O Operator Action)

FW-2 1.007 LERF - Op act

FW-5 1.008 LERF - Op act

FW-12 1.008 LERF - Op act
1.04 CDF - Op act

FW-13 1.008 LERF - Op act
1.04 CDF - Op act

FW-14 1.008 LERF - Op act
1.04 CDF - Op act

HHI

lHI-10 1.008 LERF- Op act
1.008 CDF - Op act

HHI-12A 1.005 LERF - Op act
1.009 CDF - Op act

HHI-13 1.009 LERF - Op act
1.008 CDF - Op act

HHI-15 1.009 LERF - Op act
1.008 CDF - Op act

HHI-17 1.009 LERF- Op act
1.008 CDF - Op act

LHI

None

MS

MS-33 1.009 LERF - Op act
1.041 CDF - Op act

MS-34 1.009 LERF - Op act
1.041 CDF - Op act

RC

RC-16 1.03 CDF- Op act

RC-17 1.03 CDF- Op act

RC-18 1.05 CDF- Op act

RC-19 1.009 CDF- Op act

RC-37 1.01 CDF- Op act

RC-38 1.01 CDF- Op act

RC-39 1.01 CDF- Op act
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Table 3.6-4 (cont)
SURRY UNIT 1 RESULTS

SEGMENT SUMMARY BY SYSTEM
(SEGMENTS WITH RRW > 1.005)

Applicable Case
Segment ID RRW (CDF/LERF, WI or W/O Operator Action)

RC41 1.07 CDF- Op act

RC-42 1.06 CDF- Op act

RC43 1.06 CDF- Op act

RH

RH.003 1.025 LERF - Op act

RH-003B 1.01 CDF- Op act
l 1.01 LERF - No Op act

1.13 LERF- Op act

RS

None

SW

SW.04 1.006 CDF- Op act

SW-05 1.006 CDF- Op act

SW-06 1.006 CDF- Op act

SW-18 1.09 CDF - No Op act
1.11 LERF - No Op act

SW-19 1.09 CDF - No Op act
1.11 LERF - No Op act

SW-20 1.09 CDF - No Op act
1.11 LERF - No Op act

SW-21 1.09 CDF - No Op act
1.11 LERF - No Op act

SW-22 1.09 CDF - No Op act
1.11 LERF - No Op act

SW-23 1.09 CDF - No Op act
1.11 LERF - No Op act

SW-24 1.09 CDF - No Op act
1.11 LERF -No Op act

SW-25 1.09 CDF - No Op act
1.11 LERF -No Op act

VS

VS-2 1.12 1 CDF-NoOp act
| 1.044 LERF -No Op act
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Table 3.6-5
SURRY UNIT 1 RESULTS

SUMMARY OF SAFETY SIGNIFICANT SEGMENTS

# of Segments with # of Segments
# of Segments RRW between 1.001 with RRW

System # of Segments with RRW > 1.005 and 1.004 < 1.001

ACC 15 0 0 15

AFW 32 8 10 14

AS 2 2 0 0

BD 12 6 0 6

CC 66 3 10 53

CH 44 3 0 41

CN 9 1 0 8

CS 16 0 6 10

CW 16 4 0 12

ECC 8 0 0 8

EE 7 0 0 7

FC 9 N/A N/A N/A

FW 20 6 7 7

HHI 27 5 3 19

LHI 18 0 0 18

MS 38 2 8 28

RC 96 10 21 65

RH 11 2 1 8

RS 13 0 0 13

SW 54 11 18 25

Vs 2 1 1 0

TOTAL 515 64 85 357
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I

piping pressure boundary failure probabilities/rates and estimates of the conditional core

damage frequency/probability.

Several sensitivity studies were conducted during the Millstone 3 program on the total piping

pressure boundary CDF results. The base model for Millstone 3 piping generally assumes no

operator recovery actions in the conditional CDF calculations and uses the break probabilities

from the SRRA calculation, but with a lE-08 truncation for piping segments with no active

failure mechanisms. This base case is shown as "BASE PIPING CDF' in Figure 3.6-5, with a

value of 2.28E-08/year, along with the results of the sensitivity studies that are discussed below

in detail. Figure 3.6-6 shows a breakdown by system of the CDF changes for the sensitivities.

The risk importance measures were calculated for each sensitivity study and a comparison of

these results with the piping segments chosen by the expert panel is discussed in Section 3.6.4.

* Credit for Operator Recovery Action - A sensitivity was performed in which postulated

operator recovery actions (to isolate the piping failure) that would change the

consequences in each piping segment were considered. The operator recovery action

was credited with a success probability of 1.0 (failure probability of 0). For a majority of

piping segments, an operator recovery action could not be postulated.

For Millstone 3, the only operator action credited in the base calculations was for

auxiliary feedwater piping segments FWA-1 and FWA-4 where the operator would align

the condensate storage tank (CST) to the intact auxiliary feedwater trains to reduce the

consequences from a loss of the dernineralized water storage tank (DWST) to all trains

to the loss of one auxiliary feedwater motor-driven pump train. Credit for this operator

action was taken based on the advice of the expert panel (whidch included a plant

operator familiar with the emergency operator procedures) and time availability based

on safety analysis calculations.

For Millstone 3, the total piping pressure boundary core damage frequency was

calculated to be 1.14E-08/year (CDF W/OP ACTION), which is only a factor of 2 lower

than the base piping CDF of 2.28E-08/year.

For Surry Unit 1, this sensitivity is reported with the base results.
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Use of Actual SRRA ailure probabilities - The use of a threshold value of lE-08 for

piping failure probabilities was examined by using the actual SRRA code failure

probabilities as part of the Millstone 3 study. An example of the actual SRRA code

failure probabilities was shown in Table 3.5-2. The use of these failure probabilities

would be expected to give a lower bound of the piping failure probabilities. The CDF

was recalculated to be 9.96E-09/year (CDF USING ACTUAL PROB), which is more than

a factor of 2 reduction in the base piping CDF. For Surry Unit 1, no threshold value was

used; the actual probabilities were used in the base results.

* Credit for Plant FAC Program - The Millstone 3 application assumed that the plant's

FAC program was adequate in finding piping degradation with respect to this failure

mode. This was considered in the development of the piping failure probabilities for

several systems affected by FAC. A sensitivity study was conducted that increased the

failure probabilities for those piping segments (in the main feedwater, main steam, and

service water systems) by a factor of 100 and the resultant core damage frequency and

risk importance measures were recalculated. The CDF from this sensitivity study (CDF

Increasing FAC) was determined to be 6.65E-07/year, which is a factor of 30 increase in

the base piping CDF. This assumption results in the affected systems dominating the

CDF, and inspection resources, which should be used for other plant piping systems,

would be misallocated.

The Millstone Unit 3 secondary side FAC program had been extensively reviewed by

outside organizations and found to be on par or better than programs at other sites.

However, no program is 100% reliable in identifying every susceptible location. For

example, there is some uncertainty in the pipe wear rate program input, so the wear rate

prediction necessarily includes that uncertainty. Such uncertainties are modeled in the

SRRA code by using a distribution instead of a fixed value for the pipe wall wear rate.

The situation is similar for the service water system erosion mechanism.

The essential point is that these established programs represent the best available

technology for preventing significant piping failures due to these mechanisms, and are

updated by the industry on a continuing basis. Thus effective monitoring and

controlling the active mechanism (and in preventing leaks) should be credited. In

developing a risk-informed program for these systems, the main point is to consider

other mechanisms that might not be detected by the established mechanism-specific
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monitoring program and thus a factor of 100 on failure probability in the FAC sensitivity

was used to represent the success of the program to date.

* Use of Leak Probabilities - The SRRA code (described in Section 3.5 and Supplement 1)

generates small leak probabilities in addition to full break probabilities. The use of the

these leak probabilities provides an upper bound estimate of the piping pressure

boundary failure probabilities. The use of the leak probabilities in lieu of the break

probabilities in the core damage frequency and risk importance measure calculations

may provide an additional differentiation between the piping segments even though the

small leak does not disable the safety function of the piping segment and thus would

actually result in significantly reduced consequences. The core damage frequency

calculated for this case was 4.02E-04/year (CDF Assuming P(f) = P(leak)). This result

provides an extremely conservative upper bound of the expected CDF contribution due

to piping failures. The risk importance measures were also recalculated as discussed in

Section 3.6.4.

These sensitivity studies showed that although variation exists in the numerical results, most

piping segments have the same relative ranking (as discussed in section 3.6.4). This result is

similar to that obtained from the uncertainty/sensitivity analyses performed by ASME

Research and Pacific Northwest Laboratories, as documented in NUREG/CR-6181 (NRC 1994)

and NTJREG/GR-005 (ASME 1993), in earlier work performed at the Surry nuclear plant.

For Surry Unit 1, the sensitivity study for credit for operator recovery action was performed as

part of the base results as shown in Table 3.6-2. The use of actual SRRA failure probabilities and

the use of leak probabilities sensitivity studies were not deemed to be necessary based on the

changes made to the overall process. The actual SRRA failure probabilities were used for Surry

and no threshold value (1E-08) was used in the calculations. Because the leak probabilities and

disabling leak probabilities were used in the base calculations (these probabilities are higher

than the rupture probabilities), there was no need to perform a sensitivity study using the leak

probabilities.

A sensitivity study was conducted for Surry which examined the credit for the plant's

augmented program. In the base results, the plant's augmented program was assumed to be
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adequate in finding piping degradation with respect to the failure mechanism addressed by the

augmented program. This was considered in the piping failure probabilities for several systems

used in the base risk calculations (i.e., the with ISI values from the SRRA calculations were used

for segments). A sensitivity study was conducted which did not credit these augmented

programs and replaced the failure probabilities with the without ISI values. The results of this

study for Surry are shown in Table 3.6-6 and shown graphically in Figures 3.6-7 and 3.6-8.

Uncertainty Analysis

In addition to the sensitivity studies described above, a simplified uncertainty analysis is

performed to ensure that no low safety significant segments could move into the high safety

significance when reasonable variations in the pipe failure and conditional CDF/LERF

probabilities are considered. The results of this evaluation along with other insights are

provided to the plant expert panel.

In order to address this uncertainty, a distribution was developed around each of these "point

estimates" such that the median of the log-normal distribution is equal to the point estimate.

The "spread" of the distribution about the median is determined by the standard deviation.

The standard deviation of the related normal distribution is calculated as follows:

In(Z.95)-In(X50 )
NORMSINV(.95)

where:

= factor above the mean which represents the 95°/6-tile of the log-normal distribution.

Factors of 5, 10 and 20 were used for this analysis. The factor used was determined by

the value of the point estimate. If the point estimate was less than 1E-04, a factor of 20

was used. If the point estimate was greater than or equal to 1E-02, a factor of 5 was

used. Otherwise, a factor of 10 was used.
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Table 3.6-6
SURRY UNIT 1

AUGMENTED PROGRAM SENSITIVITY
PIPING RISK CONTRIBUTION BY SYSTEM

Number
of CDF CDF with LERF LERF with

System Segments No OP Action OP Action No OP Action OP Action

ACC 15 4.68E-11 3.06E-11 2.76E-11 3.81E-11

AFW 32 6.35E-5 7.92E-7 2.56E-6 7.30E-8

AS 2 7.84E-9 7.84E-9 7.85E-9 7.85E-9

BD 12 4.60E-6 4.60E-6 268E-6 2.68E-6

CC 66 2.34E-8 1.90E-8 1.97E-8 1.60E-8

CH 44 2.73E-7 2.73E-7 1.54E-9 1.54E-9

CN 9 1.32E-6 1.63E-7 6.96E-8 3.33E-9

CS 16 1.48E-7 9.74E-9 1.26E-8 2.17E-9

CW 16 1.OOE-7 1.OOE-7 2.79E-9 2.79E-9

ECC 8 2.41E-10 2.41E-10 8.14E-12 8.14E-12

EE 7 5.56E-10 5.56E-10 7.82E-12 7.82E-12

FC 9 N/A N/A N/A N/A

FW 20 4.76E-6 4.75E-6 2.51E-7 2.51E-7

HIl 27 3.43E-6 1.60E-6 2.60E-7 1.07E-7

LHI 18 9.97E-8 Z25E-9 8.53E-9 2.32E-10

MS 38 4.02E-6 4.02E-6 9.73E-8 9.73E-8

RC 96 1.83E-6 1.82E-6 4.82E-9 4.80E-9

RH 11 6.54E-8 6.54E-8 6.55E-8 6.55E-8

RS 13 3.81E-9 1.58E-9 5.85E-12 0

SW 54 4.37E-5 1.43E-7 4.13E-6 1.02E-8

VS 2 6.84E-6 0 2.24E-7 0

TOTAL 515 1.35E-4 1.84E-5 1.04E-5 3.32E-6
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= median of the l i 'normal distribution. A median value of 1 was used.

NORMSINV = the inverse of the standard normal cumulative distribution (mean 0.0,

standard deviation 1.0) given a probability.

The @RISK software (Palisade 1996), an "add-in" to Microsoft Excel, was used to analyze the

uncertainty and generate the range of outcomes for each piping segment. A simulation of

5000 iterations was performed and simulation statistics collected for total segment piping

CDF/LERF, RAW, RRW and the Total plant piping CDF/LERF. The mean CDF/LERF value

was then used for each piping segment. The results of this uncertainty analysis showed that

there was no significant change in the RRW ranking. The uncertainty analysis results are

summarized in Tables 3.6-7 and 3.6-8.

The uncertainty analysis identified a total of 86 segments whose RRW was greater than 1.005

(see Table 3.6-8). Approximately 75% of the piping segments identified using point estimates

were also identified through the uncertainty analysis. The remaining 25% were in previous

RRW range of 1.001 to 1.004 which were targeted for expert panel special consideration.

3.6.2 Deterministic Considerations

The risk importance measures provide a sound basis for determining the plant risk for normal

power operation and the required response to internal initiating events; however, there are

other considerations which also should be incorporated into the piping segment safety

significance assessment. These considerations are not directly related to the probabilistic

assessments and include the segment importance for external events (seismic, fire and external

flood), safety function performance during shutdown modes, the importance to design basis

analysis and other accident scenarios, and operation and maintenance insights which should be

taken into account. These considerations are described below.

External Events Evaluation

The importance measures calculated using the plant PSA identify the safety significance for

internal events. Similar calculations for external events such as seismic, fire, and flood can not
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Table 3.6-7
SURRY UNIT 1

UNCERTAINTY ANALYSIS
MEAN PIPING RISK CONTRIBUTION BY SYSTEM

CDF CDF LERF LERF
Number of No Operator With Operator No Operator With

System Segments Action Action Action Operator Action

ACC 15 3.07E-9 3.10E-9 7.40E-10 8.74E-10

AFW 32 2.82E-5 1.41E-6 1.87E-6 1.74E-7

AS 2 3.24E-8 3.29E-8 3.31E-8 3.41E-8

BD 12 1.20E-6 1.18E-6 6.98E-7 6.95E-7

CC 66 1.38E-7 1.16E-7 1.03E-7 8.70E-8

CH 44 1.94E-6 1.97E-6 1.51E-8 1.32E-8

CN 9 8.39E-6 5.23E-7 4.61E-7 1.07E-7

CS 16 2.54E-6 4.98E-7 3.45E-7 4.61E-7

CW 16 5.20E-7 5.23E-7 2.30E-8 2Z41E-8

ECC 8 7.50E-10 8.28E-10 1.09E-10 9.83E-11

EE 7 4.56E-9 3.80E-9 3.26E-10 2.79E-10

FC 9 N/A N/A N/A N/A

FW 20 2.27E-6 2.22E-6 1.56E-7 1.56E-7

HHI 27 4.01E-6 1.27E-6 6.05E-7 245E-7

LHI 18 4.49E-7 2.OOE-8 6.04E-8 2.58E-9

MS 38 2.13E-6 2.09E-6 8.94E-8 8.65E-9

RC 96 1.26E-5 1.29E-5 7.OOE-8 7.26E-8

RH 11 4.60E-7 4.70E-7 5.42E-7 5.08E-7

RS 13 1.16E-6 1.25E-6 2.75E-10 0

SW 54 1.17E-4 6.98E-7 1.76E-5 7.03E-8

VS 2 2.80E-5 0 1.43E-6 0

TOTAL 515 .11E4 2.71E-5 2.41E-5 2.74E-6
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Table 3.6-8
SURRY UNIT 1 (NOTE 1)

UNCERTAINTY ANALYSIS RESULTS
HIGH SAFETY SIGNIFICANT PIPING SEGMENTS

CDF Without LERF Without LERF With
Operator Action - CDF With Operator Operator Action - Operator Action -

Uncertainty Action - Uncertainty Uncertainty Uncertainty
System Analysis Analysis Analysis Analysis

ACC None None None None

AFW AFW-15, 16,17, AFW-4,5,6,28 AFW-15, 16, 17,18, AFW-4,5,6, 13, 14,
18, 19 19 28

AS None None None AS-1, 2

BD None BD-2B, 3, 5B, 6, 8B, 9 BD-2B, 3, 5B, 6, 8B, 9 BD-2B, 3, SB, 6, 8B,
9

CC None None None CC-25,30,33

CH None CH-8,9, 10 None None

CN CN-8 CN-8 CN-8 CN-8

CS None CS-9 CS-5, 6 CS-7,8,9

CW None CW-5, 6,7,8 None None

ECC None None None None

EE None None None None

FC N/A N/A N/A N/A

FW None FW-12,13,14 None FW-1, 2,5, 12,13,
14

HHI HHI-5A, 6A HHI-10, 12A, 13,15,17 HHI-4A, 5A, 6A HHI-10, 12.A, 13,
15,17

LHI None None None None
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Table 3.6-8 (cont.)
SURRY UNIT 1

UNCERTAINTY ANALYSIS RESULTS
HIGH SAFETY SIGNIFICANT PIPING SEGMENTS

CDF Without LERF Without LERF With
Operator Action - CDF With Operator Operator Action - Operator Action -

Uncertainty Action - Uncertainty Uncertainty Uncertainty
System Analysis Analysis Analysis Analysis

MS None MS-33, 34 None MS-33, 34

RC RC-18, 41,42,43 RC-10, 11, 12, 13, 14, None RC-41, 42, 43
15, 16, 17, 18, 19, 37,38,
39,41,42,43

RH None RH-3B RH-3, 3B RH-2, 3, 3B

RS RS-10 RS-9, 10 None None

SW SW-18,19,20,21, SW-4, 5, 6,9, 10 SW-18, 19, 20,21,22, SW4, 6
22,23,24,25 23,24,25

VS VS-2 None VS-2 None

Notes for Table 3.6-8:

1. For risk calculations, the segments identified as high safety significant had calculated values
for RRW of greater than 1.005.
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be performed unless a PSA model exists for these types of events. If a PSA model does not

exist, to determine whether a segment is high or low safety-significant for an external event, the

expert panel considers the segment function in mitigating the consequences of the external

event, as well as the likelihood of the event.

Shutdown Risk Evaluation

A process to evaluate component importance to safe plant shutdown is used. The shutdown

risk process is based upon three objectives: shutting down the reactor to the cold shutdown

condition, maintaining the cold shutdown condition, and mitigating the consequences of an

accident. There are five safety functions associated with the shutdown objectives: reactivity

control, decay heat removal, pressure control, inventory control, and containment integrity.

(Power availability should also be considered.) Each piping segment is evaluated to determine

its possible importance in performing any of the safety functions. The process considers flow

paths used or isolated during shutdown; when flow paths are used or isolated; the importance

of component operation in performing a safety function; the length of time the plant is in a

configuration that requires component operation; and the availability of other systems to

provide functional redundancy. These factors should be considered when determining

component safety significance to shutdown operations. In addition, the impact of this mode of

plant operation on the failure modes and causes and failure probability (lower temperatures,

etc.) should be considered.

Importance to Other Accident Scenarios

Piping failures which could lead to other accident scenarios, such as radioactive releases, are

considered to identify any accident scenarios not previously accounted for in the safety

significance assessment.

Component Maintenance and Operations Insights

Plant operation and maintenance experience may show that some piping segments have a

history of design or operating issues. Information provided by the maintenance staff is used to

identify any piping segments that would cause safety concerns.
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Imnortance to Desien Basis Analvsis

Segment importance in the plant design basis analysis performed for the Final Safety Analysis

Report, used to license the plant, is considered to identify any design basis concerns.

Other Deterministic Insights

This category is used to document important information regarding other deterministic aspects

of the piping segment failure which does not readily fit into any of the above categories.

Piping Segment Worksheets

To aid the expert panel, segment information worksheets are prepared for the expert panel.

Table 3.6-9 shows the format for the worksheet while Table 3.6-10 provides a description of each

section of the worksheet The worksheets are used as a mechanism for documenting and

reviewing the comments and exchanges of information that are part of an expert panel process.

The structure of the worksheet is based largely upon the three phases of the risk categorization

process. Therefore, a completed worksheet contains all the information, calculation results,

evaluations, and the risk categorization for a segment Supplemental information is attached to

each worksheet to provide a complete package for each piping segment.

3.6.3 Expert Panel

The primary focus of the expert panel sessions is to review all pertinent information and

determine the final safety-significant category for each of the piping segments. The expert

panel is responsible for the review and approval of all risk-informed selection results by

utilizing their expertise (including knowledge of prior inspection results, industry data, and

any available stress and fracture mechanics results) and probabilistic safety assessment insights

to develop the final categories of high safety-significant and low safety-significant items to be

included for inservice inspection. The process is shown in Figure 3.6-9. In order to provide a

comprehensive review, many of the panel members are also members of the expert panel that

was established to implement the Maintenance Rule. The risk-informed ISI expert panel

includes expertise in the following fields:

o:\4393\VersionA\4393-3d.doclb-020599 134



Table 3.6-9
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET

Section 1 System &: Pipe Segment IdentificationI System & Segment Description:

LocationfP&ID Drawing:

|System Function(s):

Section 2 Risk Ranking Information

Failure Effect on System
Without Operator Action:

Failure Effect on System
With Operator Action:

Initiating Events Impact:

Containment Performance Impact:

Conditional Core Damage Frequency Without OA With OA
due to Pressure Boundary Failure:

Total Segment Pressure Boundary Failure
Core Damage Frequency (FP * CDF,)

CDFb Importance Measure Values RAW
RRW

Conditional LERF due to Pressure Without OA With OA
Boundary Failure:

Total Segment Pressure Boundary Failure
Large Early Release Frequency

LERF, 6 Importance Measure Values RAW
RRW

Comments

Section 3 Pressure Boundary Failure Probability

Segment Elements (welds, tees, elbows, etc.):

Pressure Boundary Failure Mechanism(s):

Pressure Boundary Failure Probability Small Leak:
Large Leak:

Basis for Pressure Boundary Failure Probability

Comments
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Table 3.6-9 (cont.)
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET

Section 4 Indirect Effects Evaluation

Indirect Effects

Section 5 Other Considerations

External Events Evaluation

Seismic:

Fire:

External Flood:

Shutdown Risk Evaluation:

Importance to Other Accident Scenarios:

Component Maintenance and Operation Insights:

Importance to Design Basis Analysis:

Other Deterministic Insights:

Section 6 Final Risk Category

Category: High Safety Significant Low Safety Significant

Basis

I

I

I

II
I
I

I
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Table 3.6-10
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET SECTION DEFINITIONS

Section Definition

SECTION 1. SYSTEM & This section contains information describing the system, the segment,
SEGMENT IDENTIFICATION plant drawing references, and the system and piping segment safety

function(s).

SECTION 2. RISK RANKING This section contains the risk categorization results developed using
INFORMATION the plant PSA model and core damage frequency (CDF) and large

early release frequency (LERF) as the consequence measure. This
categorization is based upon the calculation of risk importance
measures. This section also contains the results of the at-power
importance measure calculations.

A. Failure Effect on System This subsection identifies the failure effect from a piping failure in
Without Operator Action the defined segment without consideration of operator action to

recover from the piping failure. Failure effects are effects such as
loss of train A pump, loss of entire system, etc.

B. Failure Effect on System This subsection identifies the failure effect from a piping failure in
With Operator Action the defined segment with operator action to recover from the piping

failure by isolating the failure. Failure effects are effects such as loss
of train A pump, loss of entire system, etc.

C. Initiating Events Impact A review of each initiating event (LOCAs, steam line/feed line
breaks, etc.) is conducted to see if the pipe segment failure results in
an initiating event.

D. Containment Performance This subsection identifies pipe segments that are important to
Impact containment performance (PSA level 2 analysis), such as segments

that penetrate containment or whose failure would cause a release
path outside containment.

E. Conditional Core Damage This section contains the plant's conditional core damage frequency
Frequency due to Pressure or probability from the PSA.
Boundary Failure

F. Total Segment Pressure This section contains the total segment core damage frequency due to
Boundary Failure Core just pressure boundary failures calculated by using the plant PSA to
Damage Frequency obtain the conditional core damage frequency and the failure

probabilities (from section 3) determined for each segment.

G. CDF1,,Importance Measure This subsection contains the at-power risk categorization based
Values upon the computed importance measures (Risk Achievement Worth

and Risk Reduction Worth) when compared to guidelines for
identifying high safety-significant piping segments.
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Table 3.6-10 (cont)
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET SECTION DEFINITIONS

Section Definition

H. Conditional Large Early This section contains the plant's conditional large early release
Release Frequency due to frequency or probability from the PSA.
Pressure Boundary Failure

I. Total Segment Pressure This section contains the total segment large early release frequency
Boundary Failure Large Early due to just pressure boundary failures calculated by using the plant
Release Frequency PSA to obtain the conditional large early release frequency and the

failure probabilities (from section 3) determined for each segment.

J. LERFF, Importance This subsection contains the at-power risk categorization based upon
Measure Values the computed importance measures (Risk Achievement Worth and

Risk Reduction Worth) when compared to guidelines for identifying
high safety-significant piping segments.

K Expert Panel This subsection lists any c6mments that are important in describing
Discussion/Comments information contained in this section. This information may identify

where the pipe segment is modeled in the PSA, assumptions made to
quantify the conditional effect and an explanation of the importance
measure results. Plant expert panel comments may also be
incorporated into this section for section 2.

SECTION 3. PRESSURE This section describes the postulated pressure boundary failure, the
BOUNDARY FAILURE postulated failure mechanism and the basis for the failure probability
PROBABILITY obtained for the pressure boundary failure.

A. Segment Elements This subsection describes the segment element(s) for which the failure
probability is calculated.

B. Pressure Boundary Failure This subsection identifies the failure mechanisms postulated for the
Mechanism(s) failure of the pressure boundary, such as fatigue.

C. Pressure Boundary This subsection identifies the pressure boundary failure probability
Failure Probability calculated. This includes the small leak probability and large leak

probability.

D. Basis for Pressure This subsection provides a summary of the basis for the pressure
Boundary Failure Probability boundary failure probability.

E. Comments This subsection provides any comments association with the pressure
boundary failure probability calculation.
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Table 3.6-10 (cont.)
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET SECTION DEFINITIONS

Section Definition

SECTION 4. INDIRECT This section describes any indirect effects resulting from the pressure
EFFECTS EVALUATION boundary failures (such as loss of adjacent equipment).

A. Indirect Effects This section describes the postulated mechanism for the indirect effect
including spray, flood, pipe whip, jet impingement, etc. This section
defines the impact on other systems of the pressure boundary failure,
such as loss of a motor control center, loss of one train of solid state
protection, etc.

SECTION' 5. OTHER There are other considerations, such as operational issues and external
CONSIDERATIONS events, that could affect risk categorization. Risk importance, beyond

quantifiable measures, is determined by expert engineering judgment.
This section documents the information provided and considered by
experts from a variety of disciplines to completely evaluate
component performance for other plant events and operating
conditions.

A. External Events This section identifies any specific concerns with regard to mitigation
Evaluation of external events such as seismic, fire and flood. The expert panel

considers the piping segment's function in mitigating the
consequences of events, as well as the likelihood of events. This
section identifies any unique situations for these events not covered in
Section 2 in which the piping segment performs a specific function to
respond to the external event.

B. Shutdown Risk Evaluation Shutdown risk is based upon shutting down the reactor to the cold
shutdown condition, maintaining the cold shutdown condition, and
mitigating the consequences of an accident. Reactivity control, decay
heat removal, pressure control, inventory control, and containment
integrity are the safety functions required to meet the shutdown
objectives. This section documents the evaluation performed for each
pipe segment to determine its importance in performing any safety
functions during shutdown modes.

C. Importance to Other This subsection identifies failures that could lead to other accident
Accident Scenarios scenarios, such as radioactive releases.

D. Component Maintenance This subsection provides plant operation and inspection insights for
and Operational Insights segments that would cause safety or operational concerns.

E. Importance to Design This subsection identifies, if any, the segment importance to the plant
Basis Analysis design bases analysis or licensing impact (from the Final Safety

Analysis Report).

F. Other Deterministic This subsection documents important information that does not fit
Insights into any of the other deterministic sections. This section also captures

specific expert panel comments with regard to other considerations.
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Table 3.6-10 (cont)
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET SECrION DEFINITIONS

Section Definition

SECTION 6. FINAL RISK This section contains the final risk category for a pipe segment and the
CATEGORY worksheet section(s) that, primarily, justify the categorization. The

information in this section is the culmination of the analysis,
information, and results presented in the entire worksheet and the
expert panel process. The categorization of the piping segment and
the basis for that conclusion are documented in this section.
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* Probabilistic Safety Assessment

* Plant Operations

* Plant Maintenance

* Plant Engineering

* Safety Analysis

In addition, panel members with expertise in the following areas should be included:

* Inservice Inspection

* Nondestructive Examination

* Stress and Materials Considerations

At the initial expert panel session, information on each of following topics should be presented:

* Overview of risk-informed inservice inspection methodology

* Goals of the study

* PSA Model: Information on the plant PSA model (scope, events analyzed, total core

damage frequency, dominant contributors to core damage frequency, and Level 2
results). Information on the method(s) for modeling the segment piping failures in the
PSA.

* Scope of Program: The systems included in the scope of the program should be
presented and concurrence obtained.

* Importance Measures: Importance measure calculations, specifically the RAW and
RRW, what each measure indicates, and how the measures will be used in the risk
categorization process.

* Information Gathering and At-Power Results: Results of the information gathering and
at-power importance measure calculations should be presented. This information is
provided to the expert panel with an initial indication of possible safety-significant

piping segments.
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* Deterministic Consideration: Other considerations such as external events, shutdown

risk, other accident scenarios, design basis, and component maintenance and operation

insights should be discussed.

* Expert Panel Process: The performance of the expert panel in determining high safety-

significant piping segments, including the panel composition, participation, and

expectations should be discussed. A facilitator can be used to open expert panel

discussions and to aid the panel in proceeding through the information and to reach a

consensus on safety-significance categorization of each piping segment.

The expert panel (such as the expert panel used for the Maintenance Rule) evaluates the risk-

informed results and makes a final decision by identifying the high safety-significant pipe

segments for ISI. The piping segments that have been determined by quantitative methods to

be high safety significant should not be classified lower by the expert panel without sufficient

justification that is documented as part of the program. The expert panel should be focused

primarily on adding piping segments to the higher classification. The expert panel may

feedback comments to the appropriate engineering personnel which may cause an adjustment

of the numerical results. Adjusted numerical results should be reviewed by the expert panel.

The expert panel should:

* Consider the PSA and failure probability information, which initially classifies segments

as high safety-significant if the RRW is greater than 1.005 for the CDF or LERF

calculations with or without operator action. Consider the RAW values for additional

insights. Segments with RRW values between 1.001 and 1.004 are deemed to be worthy

of additional consideration.

Consider other deterministic factors to assess the segment safety significance (refer to

Section 3.6.2)

Evaluate segments with similar consequences and/or failure probabilities in a similar

manner to ensure classification consistency among segments within a system and

between systems.
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Obtain a consensus decision for the safety significance of each segment. If a consensus

cannot be reached, determine what additional information is needed to reach a

consensus and evaluate the segment(s) again.

Plant-specific expert panel guidance should be developed for this process or guidance

from other risk-informed applications (e.g., Maintenance Rule) may be used as part of

this process to ensure consistency across the risk-informed applications.

To aid the expert panel, piping segment information worksheets and simplified drawings

should be prepared for the expert panel meetings to facilitate the safety-significance

categorization process. The worksheets are described in Section 3.6.2. Examples of completed

worksheets are shown in Appendix B. In addition, information on piping reliability should be

provided and discussed. An example is provided in Table 3.6-11.

As part of the Surry Unit 1 expert panel process, a summary of each system was prepared to aid

in the expert panel's deliberations. An example for one of these system summaries is provided

in Table 3.6-12.

3.6.4 Millstone Unit 3 Results

The results of the categorization of the piping segments for Millstone Unit 3 are shown in

Table 3.6-13. A summary of the high safety-significant piping segments and the basis for the

determination is provided in Table 3.6-14. A comparison of the results of the expert panel safety

significance determination and the risk importance measure determination is shown in

Table 3.6-15.

This comparison shows good agreement between the piping segments chosen by the expert

panel and those identified in the various sensitivity studies. The piping segments that were not

identified as high safety-significant by the expert panel were those piping segments with RRW

values below the 1.005 threshold value. The piping segments chosen by the expert panel show

that the expert panel incorporates deterministic considerations.
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Table 3.6-11
EXAMPLE PIPING RELIABILITY REMARKS USED IN

MILLSTONE UNIT 3 EXPERT PANEL PROCESS

System Design and Operation

Segment 0 is the RWST suction line to the RHR pumps. The remaining segments are portions of the
safety injection pathways from the accumulators, high head pumps or RHR pumps through to the RCS
cold legs. Segments 5 through 8 are ASME Class 1; the others are ASME Class 2.

Except for the RWST suction line, the piping is of heavy wall type 316 stainless steel construction. The
24" suction line is type 304 standard wall near the tank and heavy wall for the buried yard piping.

Except in accident response scenarios, the system is operated only during system test and RHR
shutdown cooling.

Segment 0 sees no significant cyclic loading. The system normal operating cycles for the remaining
segments are primarily due to RHR operation, and the temperature range is about 250TF.

The accumulator lines (ECCS-5 -> ECCS-8) see a static pressure head with no flow during normal
operation. They see static bending loads once per RHR and plant heatup cycle.

During test of the accumulators there is transient loading as the lines discharge very quickly. During
accumulator discharge following a LOCA, there may be some RCS chugging which may impose
transient loading on the accumulator lines.

Possible Failure Modes

Segment 0 could be damaged by an earthquake severe enough (beyond the design basis) to displace or
deform the RWST near the piping connection, or the buried portion could be subject to corrosion
despite being coated.

For eight segments in the RHR flow path the most likely failure mode is thermal fatigue causing
undetected crack growth. Excess thermal fatigue might be caused by snubbers locking up. Back
leakage through check valve 8948 combined with bonnet leakage through an upstream check could
cause thermal cycling.

No known failures.

Failure Scenario and Break Probabilities

Possible pipe break failure on demand during LOCA accident due to system startup transient loading
or earthquake, causing undetected crack to propagate into full break.

For the stainless steel piping material of this system it is likely that leakage would precede a break.
Leakage in segments ECCS-5 -> 8 would be detected by a drop in accumulator level.

Pipe break failure probabilities are calculated to be very low by probabilistic fracture mechanics
program, and this result is confirmed by experience and judgment.

- - -- - - ---
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Table 3.6-12
EXAMPLE SYSTEM SUMMARY USED IN SURRY EXPERT PANEL PROCESS

REACTOR COOLANT

Summary of Functions

The reactor coolant system transfers the heat produced by the nuclear reaction in the core to the steam
generators, where steam is generated to drive the turbine generator. The water also acts as a neutron
moderator, reflector, and a solvent for the neutron absorber. The piping provides a boundary for
containing the primary coolant under operating pressures and temperatures. It serves to confine
radioactive material and limits its uncontrolled release to the secondary system and to other parts of
the unit. A portion of the reactor coolant piping is used by the safety injection system to deliver
cooling water to the core for emergency core cooling during a loss-of-coolant accident (LOCA). The
reactor vessel is the only component of the reactor coolant system that is exposed to a significant level
of neutron irradiation. It is therefore the only component that is subject to any appreciable material
irradiation effects. Pressure control during normal operation is facilitated by pressurizer heater banks
and the pressurizer spray valves. The PORVs provide overpressure protection during normal
operation along with the pressurizer safeties. The PORVs also provide overpressure mitigation during
shutdown conditions.

Maintenance Rule Summnarv

The maintenance rule program identified 22 functions for the RC system, of these the following
functions were considered risk significant:

MR Function # Description

RC002 The RC system provides a closed pressure boundary that limits the leakage or
discharge of radioactive coolant into the containment, into the turbine cycle (e.g.,
the steam and feedwater systems), and into interconnecting supporting and
supported systems.

RC006 The RC system provides system overpressure protection, including both normal
operating & low temperature conditions.

RC012 The RC system reliably transfers core-generated nuclear heat and work input by
the RCPs into the MS system for generating electrical power during normal power
operation.
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Table 3.6-12 (cont.)
EXAMPLE SYSTEM SUMMARY USED IN SURRY EXPERT PANEL PROCESS

RC017 The RC system provides a means to depressurize in an accident using PORVs.

RC018 The RC system provides pressurizer spray for depressurization in an accident.

RC020 The cavity seal ring provides fluid boundary to maintain Rx cavity water level during
RF0.

RC021 The fuel assemblies provide fission product barrier.

The risk significant functions were modeled in the PSA, except for functions RC020 & RC021.

Risk Informed ISI Summary

Current Scope

The system is currently in the ASME Section XI program in part. Piping connected to the pressurizer
relief tank is currently excluded.

For this system 96 segments were identified.

Consequence Evaluation

The direct consequences modeled were associated with LOCAs (large, medium, and small) as an
initiating event. The model assumed large pipe could have all three type LOCAs, medium pipe both
medium and small LOCAs and small pipe only small LOCAs. No indirect consequences were
assumed. In general consequence is high.

Failure Probabilitv Evaluation

Failure mechanisms were identified associated with thermal stratification and striping. These
mechanisms were localized to the 6 inch safety injection piping (high head) and the pressurizer surge
line. No credit was taken for the current monitoring programs. Some sensitized stainless steel is also
in the system. Credit was taken for the associated augmented program for sensitized stainless steel. In
general the failure probabilities were moderate to low. The SRRA code was used for all segments in
the system.
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Table 3.6-12 (cont.)
EXAMPLE SYSTEM SUMMARY USED IN SURRY EXPERT PANEL PROCESS

Risk Significance Determination
Based on the risk calculations, the results for the RC system are:

* CDF without operator action = 1.61E-6 (total CDF = 6.3E-5)

* CDF with operator action = 1.60E-6 (total CDF = 4.1E-6)

* LERF without operator action = 4.56E-9 (total LERF = 5.2E-6)

* LERF with operator action = 4.54E-9 (total LERF = 4.5E-7)

The following segments were identified to be High Safety Significant based on RRW > 1.005:

* RC-016, 017,018,019,037,038, 039, 041,042,043 (CDF - OP Act, moderate to high conditional
consequence & moderate failure probability)

The following segments were considered to be in the grey area (RRW between 1.004 and 1.001):

RC-001, 002,003,004,005,006,007,008,009,010,012,013,014,015,027, 028,029,057, 060A, 061 (CDF -
OP Act, moderate to high consequence & moderate failure probability)

Other Deterministic Considerations

* Contributes about 7% to small and medium break LOCA seismic CDF. Minimal contribution to
large break LOCA seismic CDF.

* Not considered a significant contributor to external flood or fire events.

* Shutdown LOCA less likely than at power LOCA since pressure reduced.

* Temperature averages between 547 and 573 F at 2235 psig during normal operation. Chemistry
controlled to reduce corrosion potential.

* LOCA described in UFSAR chapter 14. Second barrier provided in defense of fission product
release.

* There are segments separated by check valves.

* No containment penetrations require evaluation.
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Table 3.6-13
MILLSTONE UNIT 3

NUMBER OF SEGMENTS DEFINED FOR EACH SYSTEM AND
HIGH SAFETY-SIGNIFICANT SEGMENTS DEFINED BY EXPERT PANEL

High Safety
System Number of Segments Significant Segments

BDG (SG Blowdown) 4 0

CCE (CHS Cool) 2 0

CCI (SI Cool) with SIH _

cCP (Ccr) 14 4

CHS (CVCS) 23 4

CNM (Condensate) with FWS

DTM (Turbine Plant Drains) with MSS

ECCS 9 1

EGF (DG Fuel) 4 0

FWA (Aux Feed) 15 5

FWS (Feedwater) 19 0

HVK (Control Bldg. Chilled Water) 1 0

MSS (Main Steam) 30 0

QSS (Quench) 5 1

RCS 66 55

RHS (RHR) with SIL _

RSS (Recirc) 11 1

SFC (Fuel Pool) 4 0

SIH (HPI) 10 4

SIL (LPI) 13 5

SW1IP (SW) 29 16

TOTAL 259 96 (37%)
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Table 3.6-14
MILLSTONE UNIT 3

SUMMARY OF HIGH SAFETY-SIGNIFICANT SEGMENTS

Segment IDs Description of Segments Basis for Safety Significance

CCP-1, 2,4, 5 Suction and discharge lines for the Loss of the only operable train of CCP during
CCP pumps and heat exchangers shutdown (CCP cools RHR heat exchangers)

CHS-3 Charging pump suction and Loss of all charging. Loss of RWST outside
discharge piping, mini flow lines containment at-power and shutdown, reactor

trip

CHS-5 Charging to RCP seal injection Loss of all charging. Loss of RWST outside
containment at-power and shutdown, reactor

l_ trip

CHS-7 Normal charging line Loss of all charging. Loss of RWST outside
containment at-power and shutdown, reactor
trip

CHS-23 Cold leg safety injection Loss of RWST outside containment at-power
and shutdown

ECCS-0 Piping between RWST and splits to Loss of RWST outside containment at-power
LPSI, HPSI and charging and shutdown

FWA-7 Piping from DWST through turbine Loss of DWST within short period of time.
driven FWA pump to SG feed split No operator action for aligning CST credited

FWA-12,14,16,18 From check valves to cavitating Loss of DWST within short period of time.

Note: FWA-13, 15, venturi before SG No operator action for aligning CST credited
17,19 are low
safety-significant,
but the feedwater
nozzles should be
in the inspection
program

QSS-2 V32 to containment boundary past Loss of RWST outside containment at power
MOV34A&B and to V42 & V43 and shutdown

RCS-1, 8, 9,16,23 Hot leg from vessel to loop isolation High failure probability, high consequences
valve from a large loss of coolant accident (LOCA)

RCS-2, 10, 17,24 Hot leg from loop isolation valve to High failure probability, high consequences
steam generator from a large LOCA

RCS-3,11, 18,25 Crossover leg from steam generator High failure probability, high consequences
to RCP from a large LOCA

RCS-4,12,19,26 From crossover leg tee to loop fill High consequences from a medium LOCA,
line isolation valve unisolable break

RCS-5, 13, 20, 27 Cold leg from RCP to loop isolation High failure probability, high consequences
valve from a large LOCA

RCS-6, 14, 21, 28 Cold leg from loop isolation valve High failure probability, high consequences
to reactor vessel from a large LOCA
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Table 3.6-14 (cont.)
- MILLSTONE IJNlT 3

SUMMARY OF HIGH SAFETY-SIGNIFICANT SEGMENTS

Segment IDs Description of Segments Basis for Safety Significance

RCS-7,22,29,54 ECCS cold leg injection line from High consequences from a large LOCA
last check valve to cold leg

RCS-15, 49,60,66 Charging line from last check valve High consequences from a large LOCA
to cold leg

RCS-30 Pressurizer surge line High consequences from a large LOCA

RCS-31, 32,33 From pressurizer to pressurizer High consequences from a medium LOCA,
safety valves unisolable break

RCS-34 From pressurizer to PORV block High consequences from a medium LOCA,
valves unisolable break

RCS-35, 36 Lines between PORV block valves High consequences from a medium LOCA
and PORVs

RCS-38 From loop drain line isolation High consequences from a medium LOCA,
valves to crossover leg and cold leg unisolable break

RCS-40 Pressurizer spray lines from last High consequences from a medium LOCA,
valves to pressurizer unisolable break

RCS-42, 61 Hot leg high/low pressure safety High consequences from a large LOCA
injection line from last isolation
valve to hot leg

RCS-43, 51,56,62 Cross-connect line from hot loop High failure probability (43,56 only), high
isolation valve to cold leg loop consequences from a large LOCA
isolation valve

RCS-45, 53 Pressurizer spray line High consequences from a medium LOCA,
unisolable break

RCS-47, 64 Charging line from last check valve High consequences from a medium LOCA,
to cold leg unisolable break

RCS-50, 55 From hot leg to high/low pressure High consequences from a LOCA, unisolable
safety injection check valve break

RCS-58 Normal letdown line to first High consequences from a medium LOCA,
isolation valve unisolable break

RSS-11 Cross-connect between SIL and SIH Loss of all charging and loss of RWST at
pumpS power and shutdown

SIH-1 From RWST isolation MOV to SI High consequence, loss of RWST outside
pump suction isolation MOV containment

SIH-2,3 From SI pump suction isolation Loss of RWST outside containment at power
MOV to SI pump discharge and shutdown
isolation MOV

SIH-4 From high pressure SI header Loss of RWST, both SI pumps injecting to
isolation MOVs to injection line break location
check valves
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Table 3.6-14 (cont.)
MILLSTONE UNIT 3

SUMMARY OF HIGH SAFETY-SIGNIFICANT SEGMENTS

Segment IDs Description of Segments Basis for Safety Significance

SIL-1, 2 From RWST isolation MOV though High consequence, loss of RWST outside
RHR pump and HX to RHR containment, loss of RHR (shutdown impact)

l_ discharge isolation MOVs

SIL-3 From RHR discharge header High consequence, loss of RWST outside
isolation MOVs to hot leg injection containment (no shutdown impact)
isolation MOV

SIL-4, 5 From cold leg injection isolation High consequence, loss of RWST inside
MOV to injection line check valves containment, loss of RHR (shutdown impact)

SWP-1, 2,3,4, 26, Service water pump discharge Importance of one SW pump train during
27,28,29 shutdown (results in loss of operating RHR

train and a loss of cooling to the Diesel
Generator)

SWP-5, 6, 7, 8 Service water pump discharge Loss of the only operable SW pump train
during shutdown (results in loss of operating
RHR train and a loss of cooling to the Diesel
Generator)

SWP-15, 22 Service water pipe to CCE heat Loss of charging, reactor trip
exchangers

SWP-23,25 Service water through CCP heat Loss of the only operable SW pump train
exchangers to circ. water discharge during shutdown (results in loss of operating

RHR train and a loss of cooling to the Diesel
Generator)
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Table 3.6-15
MILLSTONE UNIT 3

COMPARISON OF EXPERT PANEL AND RISK CALCULATIONS
IN SAFETY SIGNIFICANCE DETERMINATION

SEGMENTS WITH RRW > 1.001
Base Model

Without With Using Actual Increasing
Operator Operator Using Leak Failure FAC for MSS,

System Expert Panel Action Action Probabilities Probabilities FrWS & SwP
BDG NONE NONE NONE NONE NONE NONE

CCE NONE NONE NONE NONE NONE NONE
CCP CCP-1,2,4,5 NONE NONE NONE NONE NONE
CHS CHS-3,5,7,23 CHS-3,5,7,23 NONE NONE CHS-3 CHS-3,5,7,23
ECCS ECCS-0 ECCS-0,5,6,8 ECCS-0,1,2,3, NONE NONE ECCS-0

.__ _ _ _4,5,6,7,8 . .

EGF NONE NONE NONE NONE NONE NONE
FWA FWA-7, FWA-1,4,7, FWA-7, FWA-7 FWA-1,4,7 FWA-7,12,14,16,18
_ 12,14,16,18 12,14,16,18 12,14,16,18

FWS NONE NONE NONE NONE NONE NONE
HVK NONE HVK-1 HVK-1 NONE HVK-1 NONE
MSS NONE NONE NONE NONE NONE NONE
QSS QSS-2 QSS-2 QSS-2 NONE NONE QSS-2
RSS RSS-11 RSS-11 NONE NONE NONE RSS-11

SFC

SIH SIH-1,2,3,4 SIH-1,2,3,4 NONE SIH-2,3 SIH-2,3 SIH-1,2,3,4
SIL SIL-1,2,3,4,5 SIL-1,2,3,4,5 SIL-3,9,10, NONE NONE SIL-1,2,3,4,5

_ _11,12
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Table 3.6-15 (cont.)
MILLSTONE UNIT 3

COMPARISON OF EXPERT PANEL AND RISK CALCULATIONS
IN SAFETY SIGNIFICANCE DETERMINATION

SEGMENTS WITH RRW > 1.001

Base Model
Without With Using Actual Increasing
Operator Operator Using Leak Failure FAC for MSS, FWS

System Expert Panel Action Action Probabilities Probabilities & SWP
SWP SWP-1,2,3,4, SWP-1,2,3,4, SWP-1,2,3,4, SWP-1,2,3,4,5, SWP-1,2,3,4, SWP-1,2,3,4,5,

5,6,7,8,15,22,23, 5,6,7,8,23,25, 5,6,7,8,15,22, 6,7,8,23,25,26,27, 6,8,26,27,28,29 6,7,8,15,22,23,25,
_ 25,26,27,28,29 26,27,28,29 26,27,28,29 28,29 26,27,28,29

RCS RCS-1,2,3,4, RCS-1,2,3,5, RCS-1,2,3,5, RCS-11,17,18,25 RCS-1,2,3,5, RCS-18
5,6,7,8,9,10, 6,8,9,10,11, 6,8,9,10,11, 6,8,9,10,11,13,14,
11,12,13,14, 13,14,16,17, 13,14,16,17, 16,17,18,20,21,23,
15,16,17,18, 18,20,21,23, 18,20,21,23, 24,25,27,28,43,56
19,20,21,22, 24,25,27,28, 24,25,27,28,
23,24,25,26, 43,56 43,56
27,28,29,30,
31,32,33,34,
35,36,38,40,
42,43,45,47,
49,50,51,53,
54,55,56,58,
60,61,62,64,66 .

*Segment with RRW values > 1.001 from the base model without operator action that were not chosen to be high safety-significant by the expert
panel include:

Segment
ECCS-5
ECCS-6
ECCS-8
FWA-1
FWA-4
HVK-1

RRW
1.001
1.001
1.001
1.002
1.002
1.002
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3.6.5 Surry Unit 1 Pilot Plant Results

The results of the categorization of the piping segments for Surry Unit 1 are shown in

Table 3.6-16. A summary of the high safety significant segments and the basis for the

determination is shown in Table 3.6-17. A comparison of the results of the expert panel safety

significance determination and the risk importance measure determination is shown in

Table 3.6-18.

This comparison shows good agreement between the piping segments chosen by the expert

panel and those identified in the various cases. For Surry Unit 1, several piping segments that

were identified through the calculations to be high safety significant were determined by the

panel to either have a lesser consequence or inappropriate failure mechanism which resulted in

the change to the categorization. In other instances, piping segments which were identified

through the calculations to be low safety significant were assigned to the high safety

significance category because of more severe consequences postulated or the consideration of

other deterministic insights.
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TABLE 3.6-16
SURRY UNIT 1

SUMMARY OF HIGH SAFETY SIGNIFICANT SEGMENTS
AS DETERMINED BY PLANT EXPERT PANEL

Number of High
Safety Significant Number of Low Safety

System Number of Segments Segments Significant Segments

ACC 15 0 15

AFW 32 11 21

AS 2 2 0

BD 12 6 6

CC 66 6 60

CH 44 8 36

CN 9 0 9

CS 16 0 16

CW 16 4 12

ECC 8 7 1

EE 7 0 7

FC 9 0 9

FW 20 13 7

HHI 27 14 13

LHI 18 7 11

MS 38 3 35

RC 96 11 85

RH 11 4 7

RS 13 2 11

SW 54 8 46

VS 2 2 0

TOTAL 515 108 407
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Table 3.6-17
SURRY UNIT 1

SUMMARY OF HIGH SAFETY-SIGNIFICANT SEGMENTS

Segment IDs Description of Segments Basis for Safety Significance

AFW-4,5,6 AFW pumps to check valves Loss of emergency condensate storage
tank (CST) and all flowpaths to each
AFW pump; High leak probability
from corrosion

AFW-15,16,17,18,19 Piping between check valves and Loss of emergency CST and all
MOVs auxiliary feedwater, including crosstie

from Unit 2; flow-assisted corrosion
(FAC) program needs to continue

AFW-30,31,32 Piping from check valves to manual Loss of turbine-driven AFW pump
valves and motor-driven AFW pump oil

cooler; possible water spray impact
resulting in loss of all AFW pumps

AS-I Piping above the component cooling Indirect effect of spray and jet
water pumps impingement on component cooling

water (CCW) pumps, Unit 1 CCW
system disabled

AS-2 Piping above component cooling Indirect effect of spray and jet
pumps; piping under power cables to impingement on 3 CCW pumps and
the charging pump 1 charging pump

BD-2B,3,5B,6,8B,9 Containment penetration to Loss of containment integrity, small
containment isolation valve, piping steam line break outside containment
beyond outside containment isolation with no reactor trip, loss of
valves blowdown, loss of SG isolation on

steam generator tube rupture (SGTR);
indirect effects of spray and jet
impingement on CCW supply, main
steam (MS) trip valve, 3 safety
injection (SI) MOVs

CC-25,30,33 CCW for the RCPs from containment Loss of Unit 1 and 2 CCW systems,
penetration loss of cooling to the RCP motors

causing reactor trip, previous leaks
on line

CC-28A, 28B CCW pipe on the discharge of RCPs Loss of Unit 1 and 2 CCW systems
inside containment, loss of cooling to
the RCP motors causing reactor trip,
potential thermal barrier leak

CC-29 CCW pipe on the RCPs thermal Loss of Unit 1 and 2 CCW systems,
barrier discharge paths loss of cooling to the RCP motors

causing reactor trip, potential thermal
barrier leak
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Table 3.6-17 (conQ)
SURRY UNIT 1

SUMMARY OF HIGH SAFETY-SIGNIFICANT SEGMENTS

Segment IDs Description of Segments Basis for Safety Significance

CH-5 Containment penetration for RCP seal Indirect effects of spray and jet
injection return to MOV impingement causing loss of CCW to

RHR, 3 MS trip valves, 3 SI MOVs,
one blowdown MOV

CH-7A,8,9,10 Bypass line on seal return from RCPs; Line failure results in small LOCA;
piping to RCP seals between 3 pump vibratory fatigue concerns
casings and check valves

CH-11,12,13 Seal injection path between Loss of charging system support to
containment penetration RCPs; vibratory fatigue concerns

CW-5,6,7,8 Condenser circulating water (CW) Loss of each CW header to condenser,
supply header from intake structure loss of cooling to recirc spray heat
to intersection of exchangers (HX); loss of service water

supply to bearing cooling HX and
emergency switch gear chillers;
indirect effects from flooding

ECC-0 Piping from refueling water storage Loss of RWST outside containment;
tank (RWST) to check valves crosstie to Unit 2 would not

automatically activate

ECC-1,2,3 Piping to cold legs between ist and Loss of RWST inside containment;

2 nd isolation (check) valves potential inter-system (IS) LOCA
initiating event; degradation of cold
leg injection; only one injection path
to a cold leg, flow restrictors limit
flow; common mode failure
mechanism

ECC-5,6,7 Piping to hot legs between ist and Loss of injection to each hot leg on

2nd isolation (check) valves recirculation from high and low
pressure trains; Potential ISLOCA
initiating event; degradation of hot
leg injection path

FW-1,2,3,4,5,6,7 From feedwater (FW) headers to Loss of main feedwater
18x24 reducer; supply lines to FW
pumps; recirculation header to
condenser; FW pump discharge
header

FW-12,13,14,15,16,17 Feedwater header to steam generators Loss of main feedwater

H1--1,2,3 Piping from RWST to suction of Loss of RWST and loss of Unit 2
charging pumps RWST cross-connect to charging

I Ipumps
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Table 3.6-17 (cont.)
SURRY UNIT 1

SUMMARY OF HIGH SAFETY-SIGNIFICANT SEGMENTS

Segment IDs Description of Segments Basis for Safety Significance

HH14C,5C,6C Discharge piping from charging Loss of RWST, loss of Unit 2 RWST
pumps cross-connect to Unit 1 charging

pumps and loss of Unit 2 charging
pumps cross-connect to unit, loss of
volume control tank (VCT) and boric
acid tank (BAT) to the charging

.__ pUMpS

HEI-8,9 Normal charging/injection to cold Loss of RWST outside containment,
and hot legs/seal injection between loss of Unit 2 RWST cross-connect to
several valves Unit 1, and loss of Unit 2 charging

pumps cross-connect; loss of VCT and
BAT

HHI-10,11 Normal injection paths to cold legs Loss of RWST outside containment,
between several valves and loss of Unit 2 RWST cross-connect to
containment Unit 1, and loss of Unit 2 charging

pumps cross-connect; potential
interruption of high head flow until
operator recognizes, isolates and
aligns alternate charging

HHI-12A To cold legs between several valves Loss of all cold leg injection

HHI-13,15 Altemate/normal injection path to Loss of RWST outside containment,
cold/hot legs between MOVs and loss of Unit 2 RWST cross-connect to
containment Unit 1, and loss of Unit 2 charging

pumps cross-connect, and loss of
alternate path of HHSI to cold legs;
indirect effects from spray and jet
impingement on CCW supply and
several MOVs

HHI-17 Normal injection path to hot legs Loss of containment sump inventory
between MOV and containment if MOV is open; loss of alternate path

of HHSI to hot legs (but normal path
available) if MOV is closed

LHI-3,4 Containment sump to MOV Loss of recirculation from each low
pressure injection train

LH1-7,8 Train B/A from check valve to HPI Loss of RWST outside containment.
suction MOV, RWST recirc, hot leg Break momentarily disrupts flow.
injection MOV and cold leg injection Large break LOCA - LH pumps most

important depending on timing, HH
pumps could provide core cooling.
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Table 3.6-17 (con)
SURRY UNIT 1

SUMMARY OF HIGH SAFETY-SIGNIFICANT SEGMENTS

Segment IDs Description of Segments Basis for Safety Significance

LHI-9,10 Cold leg injection from SI-MOVs to Loss of RWST outside containment.
SI-MOV and CV SI valves Break momentarily disrupts flow.

Large break LOCA - LH pumps most
important depending on timing, HH
pumps could provide core cooling.

LHI-18 Piping from 1-SI-MOVs to Loss of RWST outside containment
1-CH-MOVs and loss of Unit 2 cross connection;

Loss of low and high pressure
recirculation. Break momentarily
disrupts flow. Large break LOCA -
LH pumps most important depending
on timing, HH pumps could provide
core cooling.

MS-32 Common main steam supply header Main steam line break (MSLB) outside
to turbine driven AFW pump from containment. Jet impingement from
check valves to normally closed MS line crack would damage all
valves and steam trap components in MS valve house (all

3 AFW pumps, both containment
spray pumps, 3 MS relief valves.
Concern also in blowing down all
3 steam generators. (FAC program
currently in place).

MS-33,34 Common main steam supply header Loss of main steam to turbine-driven
to the turbine driven AFW pump AFW pump. MSLB outside
from normally closed valves containment. Jet impingement from

MS line crack would damage all
components in MS valve house (all
3 AFW pumps, both containment
spray pumps, 3 MS relief valves.

RC-16,17,18 Safety injection from first isolation Potential large, medium, or small
check valve to Reactor coolant system LOCA depending on break size with
loop hot leg a potential for striping/stratification

and thermal fatigue.

RC-37,38,39 Loop fill header from Reactor Coolant Potential small LOCA with high
System to cold leg. potential for vibratory fatigue

RC-41,42,43 Safety injection from first isolation Potential large, medium, or small
check valve to reactor coolant loop LOCA depending on break size with
cold leg. a potential for striping/stratification

RC-58,59 From PORV block valve to Loss of cold overpressure mitigation
pressurizer PORV. capability during shutdown
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Table 3.6-17 (conL)
SURRY UNIT 1

SUMMARY OF HIGH SAFETY-SIGNIFICANT SEGMENTS

Segment IDs Description of Segments Basis for Safety Significance

RH-2 Header line between the two Residual Loss of RHR during steam generator
Heat Removal suction isolation valves tube rupture (leads to LERF). Also

loss of RHR and potential LOCA
l_ during shutdown

RH-3 From Residual heat removal suction Loss of RHR during steam generator
isolation valves through pumps and tube rupture (leads to LERF). Also
heat exchangers to discharge motor loss of RHR and potential LOCA
operated valves during shutdown

RH-3B Line off main RHR header after RHR Loss of RHR during steam generator
heat exchangers to RWST return line tube rupture (leads to LERF). Also
isolation valve. loss of RHR and potential LOCA

during shutdown

RH-11 RWST return line between two Loss of containment boundary if the
isolation valves and through path is open. Previous containment
containment penetration integrity issue

RS-3A,4A From containment sump penetration Loss of ORS pumps. Containment
to pump inlet isolation valve penetration. Failure could lead to

direct release outside containment
(LERF).

SW-4,5,6 From service water pump discharge Loss of one service water pump with
through the diesel cooler and shaft wastage potential; previous fiberglass
bearing oil cooler to the intake failures at plant
structure

SW-44,45 Line from header to the charging Loss of cooling to one of the charging
pump intermediate seal cooler pumps; potential spray may disable

all charging pumps

SW-46,47 From charging pump intermediate Loss of cooling to one of the charging
seal cooler to discharge header pumps; potential spray may disable

all charging pumps

SW-54 Charging pump cooler discharge Loss of cooling to one of the charging
header to unit 1 and Unit 2 isolation pumps; potential spray may disable
valves to main discharge header all charging pumps

VS-1 Makeup supply to surge tank Loss of Units 1 and 2 control Rooms
and Emergency Switchgear Rooms
Water Cooled Chillers

VS-2 The main piping of the chilled water Loss of Units 1 and 2 control Rooms
system and Emergency Switchgear Rooms

Water Cooled Chillers
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Table 3.6-18
SURRY UNIT 1

COMPARISON OF EXPERT PANEL AND RISK CALCULATIONS (NOTE 1)
IN SAFETY SIGNIFICANCE DETERMINATION

CDF
Without No Credit for

Expert Pancl Operator CDF Witll LERF WIthout LERF Wilh Augmented Programs
System Final Decision Action Operator Action Operator Action Operator Action (Note 2)

ACC None None None None None None

AFW AlW-4, 5, 6, 15, AlW-15, 16, AFW-4, 5, 6 AFW-15, 16,17, AFW-4 AlFW-15, 16, 17, 18, 19
16,17,18,19,30, 17,18,19 18,19 (CDF/LERP - No Op.
31,32 Act.), 28 (CDl;-Op. Act)

AS AS-1, 2 None None None AS-1, 2 None

BD 13D-2B, 3, 5B, 6, None UD-00213, 003, 13D-002B, 003, UD-00213, 003, 13D-00213, 003,005B,
813, 9 00513, 006, 00813, 005B, 006, 00813, 00513,006,00813, 006, 00813,009

009 009 009 (CDF/LERF - No Op.
Act./Op. Act.)

CC CC-25, 28A, 2813, None None None CC-25, 30,33 None
29,30,33

CH CH-5, 7A (Note None CH-008, 009, 010 None None CH-I-008, 009, 010 (CDP-
3),8,9,10,11,12, Op. Act.)
13

CN None CN-008 CN-008 CN-008 None CN-008 (CDF/LERE -
No Op. Act.)

CS None None None None None None

CW CW-5, 6, 7, 8 None CW-5, 6,7,8 None None None

j.j i-ji-frmwo - I (1-Y



Table 3.6-18 (cont.)
SURRY UNIT 1

COMPARISON OF EXPERT PANEL AND RISK CALCULATIONS (NOTE 1)
IN SAFETY SIGNIFICANCE DETERMINATION

CDF
Without No Credit for

Expert Panel Operator CDF With LERF Without LERF With Augmented Programs
System Final Decision Action Operator Action Operator Action Operator Action (Note 2)

Ecc ECC-0, 1, 2,3,5,6, None None None None None
7

EE None None None None None None

FC None N/A N/A N/A N/A N/A

FW FW-1, 2,3, 4,5,6, None FW-12, 13, 14 None FW-1, 2,5, 12, 13, FW-1, 2, 5 (LERF-Op.
7,12,13,14,15,16, 14 Act.), 12,13,14 (CDF-
17 No Op. Act.,

CDF/LERF-Op. Act.),
15,16,17 (CDF-Op.
Act.)

111-11 1-11-1, 2,3, 4C, None HHI-10, 12A, 13, None HHI-10, 12A, 13, HHI-4A (CDF/LERF-
5C, 6C, 8, 9,10, 11, 15,17 15,17 No Op. Act.), 12A
12A, 13,15,17 (CDF/LERI7-No Op.

._ Act./Op. Act.)

LI-1 LHI-3, 4, 7, 8,9, None None None None None
10,18

MS MS-32, 33,34 None MS-33, 34 None MS-33, 34 MS-32 (CDF-Op. Act.),
33,34 (CDF-No Op.
Act., CDP/LERF-Op.
Act.)
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Table 3.6-18 (cont.)
SURRY UNIT 1

COMPARISON OF EXPERT PANEL AND RISK CALCULATIONS (NOTE 1)
IN SAFETY SIGNIFICANCE DETERMINATION

CDF
Without No Credit for

Expert Panel Operator CDF With LERF Without LERF With Augmented Programs
System Final Decision Action Operator Action Operator Action Operator Action (Note 2)

RC RC-16, 17,18,37, None RC-16,17,18,19, None None RC-16,17,18,41,42,43
38,39,41,42,43, 37,38,39,41,42, (CDF-Op. Act.)
58,59 (Note 4) 43

RH RH-2,3,313, 11 None RH-003B3 RH-003B RH-003, 0031B IH-0031 (LERP-No
Op. Act./Op. Act.)

RS RS-3A, 4A None None None None None

SW SW-4, 5, 6,44,45, SW-18,19, SW-04, 05,06 SW-18,19,20,21, None SW-18,19,20,21,22,
46,47,54 (Note 5) 20, 21, 22, 23, 22, 23, 24, 25 23, 24, 25 (CDF/LERF-

24, 25 No Op. Act.)

VS VS-1, 2 VS-2 None VS-2 None VS-2 (CDF/LERF-No
Op. Act.)

Notes for Table 3.6-18:

1. For risk calculations, the segments identified as high safety significant had calculated values for RRW of greater than 1.005.

2. No segments other than those piping segments already in an augmented program were identified.

3. During the expert panel meeting, segment CH-07 was subdivided into 2 segments, C1--07A and CH-0713. The consequences for CH-07A were
identified to be commensurate with CH-08 and thus was identified as a high safety significant segment.

4. During the expert panel meeting, the failure mechanism and thus the probability for segment RC-19 was determined to not be appropriate for
the Surry plant. Therefore, the failure probability was reduced and the segment became low safety significant.

5. During the expert panel meeting, the failure mechanism and thus the probability for segments SW-18,19, 20, 21, 22, 23, 24 and 25 was
determined to not occur because of the coating on the inside of the piping. Therefore, the failure probability was reduced and the segments
became low safety significant.
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3.7 STRUCTURAL ELEMENT SELECTION

The risk-informed selection process includes assessments and evaluations of the piping

structural elements in each of the high-safety-significant piping segments. These structural

elements include the following examination items:

(1) all piping welds, including those to nozzles, valves and fittings such as elbows, tees,

reducers, branch connections, and safe ends

(2) areas and volumes of base material and examination zones, such as weld counterbore

areas and fitting material of the items given in (1), as appropriate.

Welded attachments and piping supports are not included in the assessment and evaluations.

An engineering subpanel, which is sometimes called the "component ISI team" or "focused

structural element expert panel" performs the review of the piping segments to select the

important structural elements for inspection. The panel should have the following expertise:

* Inservice inspection program

* Nondestructive examination methods

* Piping stress & materials

* Plant/industry failure, repair & maintenance experience

3.7.1 Structural Element Selection Matrix

At this stage in the process, the plant expert panel has reviewed all pertinent information and

determined the final safety category for each piping segment included within the scope of the

RI-ISI program. The panel has used qualitative and quantitative information associated with

probabilistic safety assessment (PSA) and failure probability calculations in combination with
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deterministic insights and design/licensing bases information to develop the final categories of

high safety-significant and low safety-significant piping segments. This information is now

used to develop a matrix to assist in the selection of structural elements for examination, as

shown in Figure 3.7-1, for all piping included in the RI-ISI program.

The key elements in determining how many structural elements should be selected for

examination are based on the safety significance of the segment and the failure importance

within that segment.

It is recommended that the attribute of "safety significance" be used rather than "conditional

consequence probability." The risk calculations that are used to support the safety significance

determination involve combining consequences with pipe failures that are initiating events

and/or with pipe failures that occur on demand as a result of a plant event. Deterministic

insights and design/licensing bases information also impact the determination of a segment as

being high safety- significant. Thus, it is difficult to determine the level of consequence without

an evaluation of the above information. In addition, the process is well established for the plant

expert panel to identify the segments as high or low safety-significant.

The importance of pipe failure directly drives the need for effective examination methods. This

attribute is categorized by a demarcation of "high failure importance" versus "low failure

importance" using the following definitions:

High Failure Importance - As determined by the engineering subpanel, a segment meeting this

description typically has either an active failure mechanism that is known to exist, which may

be currently monitored as part of an existing augmented program, or alternatively may be

analyzed as being highly susceptible to a failure mechanism, that could lead to leakage or

rupture. The engineering team uses deterministic insights such as material, fluid chemistry,

loadings, and inservice experience from the respective plant and industry to make this

determination. Examples of failure mechanisms that would typically result in this
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Figure 3.7-1 Structural Element Selection Matrix

classification are excessive thermal fatigue, corrosion cracking, primary water stress corrosion

cracking, intergranular stress corrosion cracking, microbiologically influenced corrosion,

erosion-cavitation, high vibratory loadings on small diameter piping, and flow-accelerated

corrosion.

Low Failure Importance - As determined by the engineering subpanel, a segment in this category

did not meet the above criteria. Examples that would typically result in this classification are

no known failure mechanism and fatigue based upon normal and design basis loadings.
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Probabilistic insights from the structural reliability/risk assessment (SRRA) model results may

also be used in confirming the engineering teams determinations. A segment should be

considered to have a "high failure importance" if any location in that segment exceeds the

following indicator

LARGE LEAK > 10-3 -104 per 40 year operating life

This result is based on probabilistic fracture mechanics studies for fatigue-crack growth. SRRA

sensitivity studies (Khaleel and Simonen, 1994) have shown that piping locations with failure

probabilities below these values are essentially benign.

As shown in Figure 3.7-1, four regions exist for placing the piping segments. Specific

guidelines are provided for selecting the locations for examination within those segments based

on the region. The safety significance is based on the assessments of the plant expert panel, and

the failure importance is based upon the engineering subpanel assessment, using the SRRA tool

as appropriate. Each region has an examination rule base. The following applies:

Region 1 -

Region 2 -

All susceptible locations in the segment identified by the engineering subpanel as

being likely to be affected by a known or postulated failure mechanism, and that

are not already in an augmented program, must be examined. Segments with

failure modes that have established augmented programs (e.g., flow-accelerated

corrosion, intergranular stress-corrosion cracking) would be inspected in

accordance with that existing program. Portions of the segment may be affected

by a known or postulated failure mechanism; the structural elements where this

failure mechanism would first be detected would be inspected. (This portion of

the segment is placed in Sub-Region A). Other portions of the piping segment

(Sub-Region B) may not be affected but may be subjected to inspection to ensure

that the piping segment will maintain its integrity and to account for uncertainty

and possible unknown conditions. An acceptable statistical evaluation process

may be used to identify how many examination locations are needed.

The engineering subpanel shall select locations for examination in these segments

using an acceptable statistical evaluation process. In this region, low failure

importance has been identified. In most cases, fatigue is anticipated to be the

failure mechanism. Portions of the piping segment that would experience higher

loads would generally be selected for inspection. These examinations will

account for uncertainty and unknown conditions in the segment.
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Region 3 -

Region 4 -

All susceptible locations in the segment identified by the engineering subpanel as

being likely to be affected by a known or postulated failure mechanism, and that

are not already in an augmented program, should be considered for examination

in accordance with an Owner Defined Program. While failure of these segments

would have a minimal safety impact, the impact on plant operations may be

significant in terms of unplanned outage time, repair costs, and other

consequential impacts.

Only system pressure tests and visual examinations of Class 1, 2, and 3 piping are

required for these segments of low failure importance and low safety significance

that would be included in an Owner's ISI Program.

System pressure tests and visual examinations shall also be performed for Class 1, 2, and 3

piping segments in Regions 1, 2, and 3.

Essentially, the subpanel is further evaluating the information that has been previously

generated to verify and come to a consensus, using sound engineering judgement and

discussion, that the most likely locations for potential structural failure within the high safety-

significant piping segments are identified and documented.

For Surry Unit 1, the 515 piping segments are placed into the following regions:

Region 1- 70 segments

Region 2 - 38 segments

Region 3 -153 segments

Region 4 - 254 segments

3.7.2 Sample Size Selection

A statistical model (Perdue Model) is used to assist in selecting the minimum number of

locations to be examined to ensure that an acceptable level of reliability is achieved in the

piping of interest. Engineering insights are also used to make the final determination of which

locations must be inspected. This process incorporates reliability, confidence, and the
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probability of detection (POD) of the examination procedures to identify degradation prior to a

through-wall flaw. The model is intended to be used for highly reliable piping segments where

cracking is the potential degradation mechanism of interest.

The suggested statistical method makes use of the concept of "consumer risk." Consumer risk is

a concept from the field of statistical acceptance (or inspection) sampling that can be defined

using the following example: a consumer specifies that a minimum reliability level for a

segment (or lot ) is x defects. If a sample drawn from that lot is then subjected to inspection

and the whole lot is judged to have "passed" if the sample contains no defects, then the

consumer risk is the probability that the lot will have more than the x permissible defects.

Equivalently, consumer risk is the probability that the inspection plan will allow a lot with an

unacceptable level of defects to be accepted.

The Perdue Model has been implemented for statistically evaluating the safety-related

reliability afforded by selected alternative sampling plans. The model requires only inputs that

are determined through the process or can be obtained from the probabilistic structural

mechanics models, such as SRRA. The model's outputs allow conditional probabilistic

statements to be made about the likelihood of exceeding any specified reliability target with a

proposed sampling-based inspection plan. The use of the binomial and hypergeometric

distributions along with application of Bayes theorem are incorporated into the model. Single-

sample schemes and double-sample schemes, which reflect the current ASME Section XI

requirements for expanding the sample size if an unacceptable flaw indication is found, are also

built into the model. The following inputs are required:

Plant: This identifies the plant and/or unit for which the model is applied.

Segment #: This is the name for the lot from which a sample of structural elements

(such welds, pipe elbows, branch connections, etc) is to be taken. Generally, each piping

segment is defined as a lot. However, segments that are similar (e.g., all the cold legs

on each reactor coolant loop with the same postulated failure mechanism) may be

combined to define a lot.

Number of Welds or Elements: This is the number of structural elements in the lot.
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Probability of a Flaw (@specified year/weld): The probability of an unacceptable flaw

in the segment's "most likely to fail" weld (or typical weld, if they are viewed as clones)

at the current age of the weld (usually the current age of the plant unless the pipe has

been repaired or replaced). An unacceptable flaw is defined by the ASME Section XI

Code. This has been defined as a/t> 0.10 and is obtained from the probabilistic fracture

mechanics code (e.g., SRRA).

Probabilitv of Detection: The estimated probability that the inspection method used will

be able to detect an unacceptable flaw, given that the flaw is in the weld selected for

sample examination. A low assumed probability of detection (POD) results in

conservative confidence levels for the sample plans. A POD of 0.2 is considered to be a

conservatively low value.

Conditional Probabilitv of Leak/Year/Weld: This input can also be called the

conditional leak rate. A failure of a weld may be defined to be a pipe rupture or, more

conservatively, as a pipe leak, the leak being a typical precursor to a rupture. In the

Perdue Model this is defined as a leak and the same probabilistic fracture mechanics

code (e.g., SRRA) that generates the Probability of a Flaw can generate the leak rate

conditional on the existence of the unacceptable flaw. This value is an average yearly

leakage rate for the remaining life of the plant.

Single Sample Size: Any sample size that is less than or equal to the number of welds

(or elements) in the lot can be selected.

Target Leak Rate/Year/Weld: The maximum allowable leak rate per year per weld.

This value is required for the calculation of consumer risk. If the application is limited

to calculating the probability distributions on number of flaws or leak rates, then this

input is not required. Industry experience, currently being captured in industry pipe

failure data base efforts, can be used to provide a basis for this value.

Table 3.7-1 provides some suggested target leak rates based on current operating

experience (NRC 1997) that can be evaluated in the Perdue model. The values shown

are for illustrative purposes and can be further adjusted based on other factors such as

type of failure mechanism of concern. Data from SKI (1996) can be used in this

assessment along with other data continuing to be captured in ongoing industry efforts.

o:\4393WersionA\4393-3d.doclb-020599 
171

o:\4393\VersiornA\4393--3d.doc-.lb-020599 171



Table 3.7-1
SUGGESTED TARGET LEAK RATES (PER YEARIPER WELD)

FOR PERDUE MODEL (NRC 1997)

Nominal Pipe Size (inches)

Material <1 1 < Diameter < 4 >4

Stainless Steel 1.OE-5 1.OE-5 10E-6

Ferritic Steel 1.0E-5 1.OE-6 5.OE-6

The outputs from the model are:

Target Leak Rate/Year/Lot: This is equal to the number of welds in the lot times the

target leak rate/year/weld.

Implied Leak Rate/Year/Lot: For every possible number of flaws in a lot, there is a

corresponding failure or leak rate which is closely approximated by the product of the

conditional leak rate/weld and the number of indicated flaws.

Binomial Probability of k Flaws: This is the binomial distribution probability of getting

a specified number of flaws (k) based on the lot size and the probability of the flaw

existing. The sum of the probabilities is also provided.

Pre-ISI (i.e., no ISI) Probabilitv of k Flaws: This is the cumulative probability

distribution of the leak rate in the absence of any inspection.

Single Sample Plan (Probability of Detection (POD) equals 1) Probability of k or Less

Flaws: This is the likelihood that the sample plan will pass the lot for the true number

of flawed welds. The single sample plan rejects the entire lot if one flaw is found. The

lot is accepted if no flaws are found.
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Single Sample Plan (User Specified POD) Probability of k or Less Flaws: This is the

same type of output as discussed in the previous paragraph except that the POD is

specified by the user.

Double Sample Plan (Each Sample Size Equals 1) Probability of k or Less Flaws: This is

the likelihood that the sample plan will pass the lot for the true number of flawed

welds, using a double sampling as illustrated in Figure 3.7-2. For these probabilities, it

is assumed that each sample consists of one weld.

jDotleSwV1eP>U: Taea satpleofI aW accept ifa '
fltws figd. Dftrvise, t~e awUr sanple of I ad

eiet if a flas isvmd d accept if no .faw is ftn

Detect Flaw Reject Lot

Flaw in 2nd Sample _ , _

Detect Flaw Don't Detect Accept Lot
Fbawin I1st Sample f s

Xla me 1et Sapl -' No Flaw in 2nd Samnple kcp o

'\ Do'tDeet \cL

No Faw in 1st Sampke Accept Lot

Figure 3.7-2 Decision Tree for a Double Sample of Initial Size=1 (Plan H)

Double Sample Plan: Take a sample of 1 and accept if no flaws found.

Otherwise, take another sample of 1 and reject if a flaw is found and

accept if no flaw is found.

Double Sample Plan (Each Sample Size Equals 2) probability of k or less flaws: This is

the same type of output as discussed for the previous output except that each sample

consists of two welds.

Consumer Risk: This is the probability of a leak rate for the lot exceeding the target leak

rate for that lot, for each sample plan.

Confidence: This is one minus the consumer risk probability.
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Variance: The variance for each plan is determined by using the difference between the

mean leak rate and the implied leak rate, and the corresponding binomial probability.

Probability of Sampling 100% of the Lot: This is one minus the probability of accepting

the lot calculated for each sample plan.

The model should be used to assist in defending a minimum number of examination locations

for the following two situations:

* For highly reliable piping segments (or portions thereof) that have been categorized as

high safety significant where examinations may be added, reallocated, or reduced from

current ASME Section XI program requirements; a minimum of one location is specified

even if the model shows 100% confidence with no ISI.

* For highly reliable piping segments (or portions thereof) that have been categorized as

low safety significant where examinations may be reduced from current ASME Section

XI program requirements; it is acceptable to define no examinations for these segments

as long as a 95% confidence level exists that the piping segment will not exceed its target

leak rate.

Use of the model in these two situations will assist in defending that current safety margins are

maintained and that defense-in-depth is not compromised by implementation of risk-informed

ISI programs for piping versus current ASME Section XI inservice inspection requirements.

Different inputs as may be appropriate for a different segment or lot will produce different

outputs for each plan so that a risk profile can be produced on a segment-by-segment basis.

These inspection plans are viewed as part of a reliability demonstration process which has the

following steps:

* Define appropriate lots for sampling.

* Evaluate the ability of each inspection plan to achieve the target reliability in each lot.

If a segment is divided into multiple lots, evaluate the ability of the aggregated lot-

specific choices to achieve the segment target reliability. This can be estimated by
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comparing the product of the individual lot confidences for a given segment to a limit

value (95%).

A 95% confidence or assurance that the target leak frequency goal will be met was chosen as an

acceptable objective for the segment in question. Both the mean leak rate and the estimated

confidence level are used in evaluating the inspection plans. The choice of an acceptable plan

also considers the projected number of flaws in conjunction with the leak rate statistics and

confidence levels.

For Surry Unit 1, the Perdue model was applied to the high safety significant segments, where

appropriate, to assist in defining the minimum number of inspection locations that are required

for examination in each segment. More than 60 high safety significant pipe segments were

evaluated. In addition, the Perdue model was applied to 75 low safety significant pipe

segments where current ASME Section XI nondestructive examinations are recommended to be

eliminated from the ISI program at Surry Unit 1. These additional evaluations were performed

to verify that the current exams could be eliminated in these segments while maintaining a high

level of reliability (i.e., insuring that the leak rate post RI-ISI is no greater than current leak

rates).

Table 3.7-2 provides an example of the Perdue model for a Surry-1 high head injection piping

segment where the cumulative probability distribution on the number of flaws and implied

leak rate is tabulated for each of five candidate inspection plans. The mean annual leak rate for

the segment, along with its variance, is also provided for each plan. There is a probability of

99.548% that the target leak rate is met for this segment for the Pre-ISI case (i.e., No ISI). The

probability of exceeding the target leak rate (i.e., consumer risk) for the Pre-ISI case is 0.452% as

compared to 0.308% for the single sample plan with a POD =1.0. The double sample plan with

POD=0.2 yields 0.449% and 0.438% for a sample sizes equal one and two, respectively. A low

POD value is assumed to provide a conservative upper bound on exceeding the target leak rate.

For example, the consumer risk decreases from 0.430% to 0.308% in the single sample plan

when the POD is changed from 0.2 to 1.0. The probability of sampling 100% of the lot in the

double sampling plan with a sample size equal to one is 0.33% with the POD=0.2 value.
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Table 3.7-2
EXAMPLE APPLICATION OF PERDUE MODEL TO A SURRY UNIT 1

HIGH HEAD INJECIION PIPING SEGMENT

A | B | C I 0 H I L P T
l Perdue Model |Release 1.1 |Date: 912511997 1
2 jUser Input I .,
3Plant ISURRY _ __
4Segment #Loop# HHI-012A(BUTT WELD) _ I _

5 Number of Welds 138 IMust be >= 4 for double sample plan with 2 welds/sample
6 Prob. of Flaw @ yr 25/weld 12.87E-01 I_|_.!
7 Probability of Detection 10.2 Make 0 <= POD <= 0 I
_ Cond. Prob. of Leak /yr/weld 2.06E-05 II !I
9 Single Sample Size 1 IMake sample size < -Number of Welds' & <= 10
10 Target Leak rate /yr/weld 1.00E-05 . |*_- _ .

12 Target Leak rate /yrlLot 13.80E_04 (Calculated)
1 3 I _ _ _ _ _ _ _ _ _ _ _ _ _ _

14 Double Sampling Plans IFor I 8 2 welds in each sample. Accept #0 & Cum Reject #=2. POD =Cell C7
15 Single Sampling Plan lAccept # = 0,Reject # = 1. Assumes POD = 100% or cell C7 as identified
is
17 Results Summary SURRY HHI-012A(BUTT WELD)
13 D I H L P T

Doube Double
Sample Sample Single Single

| Plan (Each. Plan (Each Sample Sample
I Pre-ISI 'Sample SizeeSample Size! Plan ' Plan (POD

19 lfi.e.. No IS) =1) =2) (POD=1) = Cell C7)
20 Consumer Risk (prob. leak ratetyr/lot > target) i 0.452% 0.449% 0.438% 0.308% _ 0.430%
21 Confidence (prob. leak rate/yr/lot < target) 1 99.548% 99.551% 99.562% I 99.692% 99.570%
22 Mean Leak/yrAot I 2.25E-04_ 2.25E-04 2.25E-04 F 2.19E-04 2.24E-04
23 Variance (Leak/yrAot) I 3.31 E-09 3.31E-09, 3.30E-09 3.22E-09 3.30E-09
24 Prob. of Sampling 100% of Lot _ 3.30E-03 i 1.54E-02 2.87E-01 5.74E-02
25 Sum of Binomial Prob. 1.00000J
26
27 Consumer Risk Table SURRY HHI-012A(BUTTWELD)
23 A B I C I D | H i L P . T

N. of FBinomial
No. of Flaws Implied Probability of k

29 in Lot (k) Leak/yr/Lot I Flaws j Probability of k or Less Flaws for the given Sample Plan
30 0 0.00000 1 0.00000 0.00000 0.00000 0.00000 I 0.00000 ! 0.00000
31 1 0.00002 1 0.00004 0.00004 0.00004 0.00004 0.00006 0.00004
32 2 i 0.00004 T 0.00030 * 0.00034 0.00034 0.00034 I 0.00045 0.00036
33 0.00006 | 0.00143 0.00177 0.00177 0.00180 | D.00230 0.00185
34 4 0.00008 0.00504 0.00681 0.00683 . 0.00691 0.00863 0.00709
35 5 0.00010 0.01381 0.02063 0.02068 0.02090 0.02546 0.02136
36 6 0.00012 0.03060 0.05123 . 0.05136 . 0.05185 1 0.06161 0.05280
37 7 I 0.00014 0.05635 0.10758 0.10783 0.10875 1 0.12609 0.11038
381 8 1 0.00016 0.08795 0.19553 0.19593 I 0.19739 1 0.22349 0.19976
35 9 0.00019 0.11809 0.31361 0.31416 0.31614 1 0.34991 0.31910
40 10 j 0.00021 0.13794 0.45155 0.45220 1 0.45454 0.49249 0.45774
41 11 0.00023 0.14143 * 0.59297 * 0.59365 1 0.59605 0.63345 1 0.59910
42 12 0.00025 0.12817 0.72114 0.72176 | 0.72394 0.75647 ! 0.72649
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Table 3.7-2 (cont.)
EXAMPLE APPLICATION OF PERDUE MODEL TO A SURRY UNIT 1

HIGH HEAD INJECTION PIPING SEGMENT

A B C | D | L P T
26
27 Consumer Risk Table SURRY IIHHI-012A(BUTTWELD)

Double Double
Sample Sample Single Single

Pre-ISI Plan (Each! Plan (Each Sample I Sample
(i.e.. No ISI) Sample SizeSample Size Plan Plan (POD

Binomial Probability 1) Prob. of:= 2) Prob. of (POD=1) = Cell C7)
No. of Flaws Implied Probability of k of k or Less k or Less k or Less Prob. of k or' Prob of k or

43 in Lot (k) LeaklyrlLot Flaws Flaws Flaws Flaws Less Flaws 1 Less Flaws

44 13 0.00027 L 0.10325 ! 0.82440 0.82490 0.82665 0.85176 0.82854
45 14 0.00029 0.07427 0.89867 0.89903 0.90028 0.91756 0.90152
46 15 0.00031 0.04786 0.94653 0.94676 0.94756 0.95820 0.94829
47 16 0.00033 0.02771 0.97424 0.97438 0.97483 0.98071 0.97522

49 17 0.00035 0.01445 . 0.98869 ; 0.98876 0.98899 |0.99190 10.98918

49 18 0.00037 0.00679 0.99548 0.99551 0.99562 0.99692 j 0.99570
50 19 . 0.00039 0.00288 0.99836 0.99837 0.99841 0.99894 0.99844
51 20 0.00041 0.00110 0. _9946 * 0.99946 ; 0.99948 0.99967 0.99949

52 21 * 0.00043 0.00038 0.99984 0.99984 1 0.99984 0.99991 0.99985
53 22 0.00045 0.00012 I 0.99996 . 0.99996 0.99996 0.99998 0.99996
54 23 0.00047 0.00003 0.99999 4 0.99999 0.99999 0.99999 0.99999
55 24 0.00049 7 0.00001 1.00000 1.00000 1.00000 1.00000 1.00000
56 25 0.00052 0.00000 1.00000 1.00000 1.00000 1.00000 | 1.00000
57 26 * 0.00054 1 0.00000 1.00000 1.00000 1.00000 1.00000 I 1.0W000
59 27 0.00056 0.00000 , 1.00000 1.00000 1.00W0o 1.00000 1.0W00o
59 28 j 0.00058 0.00000 1.00000 1.00000 1.00000 1.00000 . 1.00000
B0 29 1 0.00060 0.00000 1.00000 1.00000 1.00000 1.00000 g 1.00000
51 30 j 0.00062 0.00000 1.00000 1. i00000 1.00000 1.00000 1.00000
62 31 1 0.00064 0.00000 1.00000 1.00000 1 1.00000 1.00000 1.00000
63 32 j 0.00066 0.00000 1.00000 i 1.00000 11.00000 1.00000 1.00000
64 33 0.00068 0.00000 1.00000 ! 1.0000 | 1.00000 I 1.00000 I 1.00000

_' 34 0.00070 0.00000 1.00000 1.00000 1.D0000 1.00000 1.00000
66 35 0.00072 0.00000 1.00000 11.00000 11.00000 11.000001 1.00000
67 36 0.00074 0.00000 1.00000 1.00000 1.00000 1.00000
68 37 0.00076 0.00000 1.00000 1.00000 1.00000 j 1.00000
69 38 1 0.00078 0.00000 1.00000 1.00000 1.00000 1.00000 | 1.00000
70 39 0.00080 0.00000 1.00000 1.00000 1.00000 1.00000 1 1.00000
71 40 1 0.00082 1 0.00000 1.00000 1.00000 1.00000 1.00000 j 1.00000
72 41 1 0.W0085 1 0.00000 1.00000 1.00000 1.00000 1.00000, 1.00000
73 42 I 0.00087 I 0.00000 1.00000 1.00000 I 1.00000 1.00000 1.00000
74 43 j 0.W089 1 0.00000 1.00000 1.00000 i 1.00000 1.00000 ! 1.00000

75 44 j 0.00091 I 0.00000 1.00000 |1.00000, 1.00000 1.00000 1.00000
76 45 0.00093 0.00000 1.00000 1.00000 j 1.00000 1.00000 1.00000
77 46 0.00095 0.00000 1.00000 1.00000 I 1.00000 1.00000 1.00000

78 47 0.00097 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000

79 48 0.00099 1 0.00000 1.00000 1.00000 1 .00000 1.00000 1 1.000W0

80 49 0.00101 0.00000 1.00000 1.00000 I 1.00000 1.00000 r 1.000W0
81 50 0.00103 1 0.00000 1.00000 1.00000 I 1.00000 1.00000 1.00000
82 Col. Total | 1.00000 |_ _ .
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Table 3.7-3 shows a spectrum of statistical evaluations using the Perdue model for segments

across several systems of interest for Surry Unit 1 to further illustrate the tool. Large diameter

pipes and small diameter pipes are represented for a range of welds contained within those

segments. Two low safety-significant segments, where examinations are currently required by

ASME Section X), are also included. These results show that high levels of confidence in

meeting the respective target leak rates (see Table 3.7-1) can be achieved in these segments for

both the Pre-ISI case and the double sample plan with a sample size of one and a conservative

lower bound POD equal to 0.2. Given these results, no further examinations are required for

the low safety significant segments. For each high safety-significant segment, one sample is

chosen to provide additional assurance that the pressure boundary will be maintained even

though the results show that no further examination is required in this highly reliable piping.

The location to be examined in each segment is selected by the structural element subpanel

using engineering and deterministic insights as discussed in the next section.

Limitations of the Statistical Model

Some limitations have been identified in the statistical model that is used in determining the

minimum number of locations to be examined. These limitations have emerged primarily

because it had been determined that the piping segments of interest are subject to conditions

that may lead to a higher failure potential or importance than was intended for use in the

Perdue Model. Also, some piping segments are subject to degradation mechanisms other than

those associated with cracking. The Perdue Model should not be used in piping segments

where the following conditions may occur

* Accelerated cracking from high vibratory fatigue, stress-corrosion cracking or other

potentially aggressive loading conditions or environments

* Degradation mechanisms associated with wastage, such as flow-assisted corrosion,

erosion, or general corrosion

* For socket welds where neither surface nor volumetric examinations are possible

Where corrective actions or mitigative repairs have been made, such as coatings

programs or weld overlays, where the initial conditions of the piping have been altered.
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Table 3.7-3
SURRY UNIT 1

SAMPLE RESULTS FROM PERDUE MODEL ANALYSIS

Nominal Number Probability of Conditional Pre-ISI Double Sample Plan Number of
Pipe Size of Flaw (a/t = 0.10) Probability of Confidence Confidence (POD = 0.2) Samples per

Segment (inches) Welds at 25 Years Leak (per yr) (%) (%) Segment

ECC-3 6 6 5.38E-02 5.01 E-06 100 100 1

ECC-4 6 138 4.9913-02 1.3413-07 100 100 0(1)

1-1HI-4C 3 9 3.08E-02 1.5613-06 100 100 1

HHI-9 2 82 2.87E-01 2.06E-05 99.99 99.99 1

HHI-12A 2 38 2.87E-01 2.0613-05 99.55 99.55 1

LHI-4 12 2 1.53E-02 6.4213-07 100 100 1

RC-7 36 10 7.66E-04 1.0713-06 99.24 99.24 0(l)

lIC-16 6 7 5.3813-02 3.1513-07 100 100 1

RC-58 3 4 3.0813-02 3.4013-07 100 100 1

Note:

(1) Low safety significant segments. Results show high confidence with no subsequent inspections (Pre-ISI coluimn).
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For piping segments that have the potential for any of these conditions to occur, a defensible

inservice inspection program for these piping segments should be developed based on

deterministic information, engineering insights and experience, and industry best practices.

Some general guidance for the above situation is provided at the end of Section 3.7.3, and

specific examples from the Surry-1 application are provided in Section 3.7.5 for further

clarification.

3.7.3 Selection of Actual Inspection Locations

Once the number of locations is determined, the engineering subpanel identifies the specific

locations for examination. Figure 3.7-3 displays how this expertise and information is brought

together in the structural element selection process.

Simplified P&IDs showing the segment boundaries are reviewed by the team along with piping

isometrics, plant and industry operating experience, the previous piping segment evaluations

performed to determine the high safety-significant piping segments and system design,

fabrication and operating conditions. Based on the postulated failure mechanism and the

loading conditions for the piping segment, the areas in which this failure mechanism is most

likely to occur are identified considering the following factors:

Configuration Dependent. This factor considers the effect of piping layout and support

arrangement. For example, piping with low flexibility for thermal expansion will experience

high bending moments which, in turn, can drive crack growth.

Component Dependent. For example, socket welds have low resistance to sustained vibration.

Elbows or piping immediately downstream of valves, which add turbulence to the flow, are

locations susceptible to erosion-corrosion-wear.

Materials/Chemistry Dependent. Intergranular stress corrosion cracking (IGSCC) and dissimilar

metal welds are examples of how materials and chemistry can play a role.

Loads Dependent. An example of this is the number of cycles seen by the piping segment.

Another example is piping where inadvertent operation may lead to water hammer events.

Seismic events are also included in this category.

o:\4393\VersionA\4393-3d.doclb-020599 
180

o:\4393\VersionA\4393-3d.doclb-020599 180



PIPING DIAGRAMS/
OPERATIONAL INSIGHTS

liz

MATERLALS/NDE
INSIGHTS IM

�37
FOCUSED STRUCTURAL ELEMENT

EXPERT PANEL 1

Figure 3.7-3 WOG Structural Element Selection Process
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Determination of the inspection location(s) within a piping segment are dependent on these

factors. In general,

* Component dependent failure modes are usually localized to a single or small number

of locations.

* Materials dependent or operations dependent mechanisms are often present throughout

the segment. In such cases, interactions with other effects must be considered for

determining the location(s).

* Load dependent failure modes typically involve undetected preexisting flaws or

degradation that could fail under high loads. The high loads could arise from dynamic

(seismic, water hammer) events, large thermal expansion loads (configuration

dependent), or external loading. Locations where such loads could have the greatest

impact can often be determined.

Table 3.7-4 provides some additional insights based on postulated failure mechanism that assist

in identifying the susceptible areas of piping.

For high safety-significant piping segments where the Perdue statistical model is not applied,

the selection of an appropriate number of actual inspection locations will have to be determined

using additional rationale beyond the guidance provided above.

* For piping segments subjected to aggressive degradation mechanisms, such as flow-

assisted corrosion, that are already addressed in an augmented inspection program, it is

recommended that a determination of any potential secondary degradation mechanisms

(e.g., thermal fatigue) be made. If it is determined that a secondary mechanism may be

of concern, then the examination of at least one location in the segment may be

warranted and included in the RI-ISI program. This additional examination(s) beyond

the current augmented program should also be considered if the delta risk of RI-ISI

versus ASME Section XI ISI is enhanced.
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Table 3.7-4
INSIGHTS FOR IDENTIFYING INSPECTION LOCATIONS

Failure
Mechanism General Criteria Susceptible Areas

Thermal Fatigue Areas where hot and cold fluid mnix, areas of Nozzles, branch pipe
rapid cold or hot water injection, areas of connections, safe ends, welds,
potential leakage past valves separating hot and heat-affected zones, base
cold water metal, areas of concentrated

stress

Corrosion Cracking Areas exposed to contamination and areas with Base metal, welds, and heat-
crevices; high stresses (residual, steady-state, affected zones
pressure), sensitized material (304 SS) and high
coolant conductivity are all required; lack of
stress relief or cold springing could also lead to
residual stresses

Microbiologically Areas exposed to organic material or untreated Fittings, welds, heat-affected
influenced water zones, crevices
corrosion

Vibratory Fatigue Configurations susceptible to flow induced Welds, branch pipe
vibration and flow striping or for vibratory connections
resonance with rotating equipment (pump)
frequencies

Stress Corrosion Areas of high oxygen and stagnant flow Austenitic steel welds and
Cracking heat-affected zones

Flow accelerated Areas of low chromium material content, high
corrosion moisture content, and high pH, high pressure

drop or turning losses

Low cycle fatigue Areas with high loads due to thermal expansion Equipment nozzles and other
for heat-up and cool-down thermal cycling. anchor points, near snubbers,

dissimilar metal joints
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For piping that is highly reliable, but the materials or prior corrective actions negate the

applicability of a statistical evaluation, a minimum of one examination location per

segment should be performed.

A segment that is entirely comprised of socket welds and subject to vibration may be

appropriately examined using a VT-2 exam that inspects the entire segment for leakage

at pressure. Therefore, a minimum number of specific examination locations is not

required.

Other situations may exist that warrant considerations beyond the above guidance. However,

the engineering subpanel who is selecting the actual inspection locations is always responsible

for defending and documenting their rationale for this effort.

Once the initial set of inspection locations is identified, the examinations are performed.

3.7.4 Millstone Unit 3 Examples'

Only one segment, ECCS-0, is considered to be high-safety-significant in the emergency core

cooling system. The selection of this segment is primarily based on the consequence of failure

because the selected element SRRA failure probability was less than 1.OE-08. The subpanel

reviewed the structural elements within the segment and concurred that the element location

that was selected is considered to have the highest failure potential. The location of concern is

the base metal of a 24" pipe at ground surface that may be subjected to cracking because of

outside diameter corrosion and external loads. Since the area being examined at this selected

element location is base material; not currently addressed in ASME Section X1, Figure 3.74 has

been developed to identify the area to be inspected by VT-2 and eddy current examination.

QSS-2 is the only segment that is considered to be high-safety-significant in the quench spray

system. The selection of this segment is primarily based on consequence of failure. However,

the failure probabilities in this segment were based on prior SRRA evaluations of two locations,

both of which are less than 1.OE-8. The subpanel reviewed all the elements in the segment and

The Perdue model was unavailable at the time of the Millstone 3 reference plant application. However,
these examples highlight how engineering insights are used in selecting actual inspection locations by
the engineering subpanel.
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concurred that the two selected locations have the highest failure potential. Both locations are

pipe-to-elbow welds in the 12" pipe that may be subjected to cracking from vibrational fatigue

caused by pump operation. Both UT and VI-2 examinations are recommended for these two

locations.

For FWA, five segments were considered to be high safety-significant in this system plus

4 feedwater pipe/elbow to nozzle welds included for plant reliability considerations. The

selection of these segments was primarily based on consequence of failure, because the selected

element failure probabilities were less than 1.OE-08. The subpanel reviewed all the segment

elements and concurred that the element locations selected were considered to have the highest

failure probabilities. For the first high safety-significant segment FWA-7, the element location

selected was near the turbine driven auxiliary feed pump. The panel agreed that this location

on the 2 side of the reducer would act as a sentinel for any vibration related fatigue problems

and that the previously specified RT examination should be performed following pump test or

system operation. For the remaining 4 high safety-significant segments FWA-12, -14, -16, and

-18, a MT examination was added to the specified RT examination because the failure mode

was identified to be external loads. Since external loads is a possible combination of several

contributors to potential failure and not one single degradation mechanism, the subpanel

believed that OD flaws should be examined for at these locations and this was the reason that

the MT examination was added. The 4 steam generator inlet feedwater nozzle welds had been

included due to plant reliability considerations because of thermal fatigue induced cracking

that had been found throughout the industry and at MP3. MP3's nozzles were repaired and

modified in 1993 to reduce the potential for fatigue cracking. To monitor the effectiveness of

the modifications RT examination of the 2 elbow to nozzle welds and UT examination of the

2 pipe to nozzle welds including additional base material was specified by the subpanel.

Five segments were also considered to be high safety-significant in the SIL system. The

selection of these segments was primarily based on consequence of failure, because the selected

element failure probabilities were less than 1.OE-08. The subpanel reviewed the

element/location selections for each of the selected segments and several changes were made.

These changes were based on a detailed review of the piping configurations and fabrication

drawings. For SIL-3 a pipe to elbow weld had originally been selected and it was changed to

address a unique discontinuity in this piping segment. The subpanel review identified a pipe
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transition piece welded to a Nvalve where a pipe class change occurred. This pipe class change

or thickness change was believed to have a higher potential for failure than the originally

selected element location. The subpanel specified that a RT examination method be used at this

location so that the area of the valve counterbore region could be examined along with the

transition piece to pipe weld. For SIL-5, welds on both sides of a reducer were originally

specified for examination. The subpanel decided that after review of these locations that only

the 6 side of the reducer needed to be examined. The subpanel believed that since the failure

probabilities at these locations were relatively low, less than 1.OE-08, examining both locations

was not necessary. The subpanel decided to focus the examination on the higher stressed 6 side

of the reducer in order to address the potential thermal fatigue failure mode at this location.

Additionally, the weld volume was extended to include 1 of base material adjacent to the weld.

3.7.5 Surry Unit 1 Examples

The Surry expert panel directed the subpanel to select the necessary locations on the high

safety-significant segments and some low safety-significant segments for examination, and to

determine the appropriate examination methods and extent of examination. The number of

locations selected were determined by the perceived failure mechanism importance, the

statistical sampling requirements, and the risk change. The subpanel used the following criteria

in the selection process.

* Select the locations (100%) where a perceived high failure importance is recognized.

These locations generally have an active failure mechanism recognized with a

corresponding high failure probability. In some cases where an augmented program

was already established, this was maintained. The subpanel in some cases required

additions to the augmented inspection programs.

* Select locations as necessary to meet the statistical sampling requirements and change in

risk requirements. The subpanel generally examined locations thought to have high

loadings, and would generally, in similar multiple loops, spread the examinations in

different locations. Additional rationale must be developed when the statistical model

cannot be applied to determine the minimum number of examination locations for a

given segment.

o:\4393\versionA\4393-3d.doclb-020599 
187

o:\4393\VersionA\4393-3d.doc~lb020599 187



The examination requirements and extent of examination followed the guidance found

in Table 4.1-1, which is provided later in this report. In some instances, the subpanel

required more than what the guidance indicates. Areas of concern associated with

socket welds or materials not inspectable by normal NDE methods required departure

from the guidance.

Several examples are provided below where additional rationale had to be applied when the

Perdue statistical model could not be exercised and when the NDE methods required departure

from the guidance in Table 4.1-1.

Segment FW-002 is a non-Code class piping component in the normal feedwater system. The

segment is already inspected by the station's augmented erosion/corrosion inspection program

(susceptible to that failure mechanism). This program will be maintained on the segment. The

subpanel additionally selected a weld for ultrasonic (volumetric) and magnetic particle

(surface) examination at a perceived high stress location. The examination would address the

secondary failure mechanism of fatigue. This additional sample examination provided

additional inspection coverage for risk considerations. Note that the subpanel required a

magnetic particle examination. The magnetic particle examination is not a requirement of the

guidance in Table 4.1-1 (R1.11). The subpanel wanted to ensure against outside diameter

initiating flaws.

Segments CH-008, 009, and 0010, part of the charging system, are small bore, socket welded

piping segments which supply seal injection water to the reactor coolant pump seals. The

predicted failure mechanism is high cycle fatigue due to pump vibration. The examination

technique required by Table 4.1-1 (R1.12) is a VT-2 exam at each refueling outage. Since the

VT-2 exam involves inspection of the whole segment for leakage at pressure, tabulation of the

exact number of welds per segment and application of the Perdue Model was not deemed

necessary. This would be the case for any segment where VT-2 is the appropriate inspection

technique. Additional NDE is also directed to this segment by the engineering subpanel that is

over and above the guidance in Table 4.1-1.

Service water segments SW-044, 045, 046, 047, and 054 are fabricated of copper/nickel material

which is not a material which can be modeled by the SRRA code and statistical model used for
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Surry Unit 1. They conduct service water to and from the charging pump intermediate seal

coolers. The segments were originally ranked to be low safety significant but were moved up

to high by the Expert Panel because of its sensitivity to the possibility of indirect effects.

Because the piping is considered highly reliable, the postulated failure mechanism is thermal

fatigue by default (actually thermal cycles are practically nonexistent), and the SRRA code*

could not be used to calculate a failure probability, which is a necessary input to the Perdue

Model, the Perdue Model was not used to select examination locations. The subpanel believed

that an examination location per segment would be representative of the balance of these

highly reliable, low safety significant segments.

Finally, segments RC-041, 042, 043 are Class 1 piping components in the reactor coolant system.

The segments provide safety injection water to the three reactor coolant loops when necessary.

These segments were identified as being susceptible to thermal striping. The industry has

experienced an issue when high pressure and cooler charging water has leaked into the warmer

RCS at these locations. The subpanel directed a 100% inspection for this potentially active

failure mechanism at the weld connecting the inlet check valve to the reactor coolant piping on

all three segments. The statistical model required that one more location be examined on each

segment. As the segments were similar in design and function, the subpanel identified welds

to be examined at different locations on the three segments. The subpanel required that all

selected locations receive an ultrasonic (volumetric) and liquid penetrant (surface) examination,

again more than the guidance's requirements.
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SECTION 4

INSPECTION PROGRAM REQUIREMENTS

This section contains the minimum Risk-Informed Inservice Inspection (RI-ISI) program

requirements for High Safety-Significant (HSS) and Low Safety-Significant (LSS) piping

structural elements determined in accordance with the requirements of Section 3.7.

Requirements for Nondestructive Examination (NDE), System Pressure Tests, Scheduling,

Implementation, Program Monitoring, and Corrective Action Program descriptions are

included. Inservice examinations and system pressure tests are to be performed in accordance

with this section and the requirements contained in the American Society of Mechanical

Engineers (ASME) Boiler & Pressure Vessel Code, Section DI, Edition and Addenda specified in

an Owner's current Inservice Inspection Program except where specific references are provided

that add supplemental requirements, specify other Code Editions and Addenda, or

recommend/require the use of ASME Code Cases.

Examinations and system pressure tests may be performed during either system operation or

plant outages, such as refueling outages or maintenance outages. Scheduled examinations are

to be completed during each inspection interval. Currently the interval is 10 years.

Examinations are distributed across periods such that one third of the examinations are

conducted in each period. Alternative examination methods, a combination of methods, or

newly developed techniques may be used in lieu of the NDE requirements of Table 4.1-1, as

provided in IWA-2240 Alternative Examinations of ASME Section XI.

Experience has shown that when an aggressive mechanism (such as IGSCC, thermal striping,

and flow-accelerated corrosion) is discovered, corrective actions and augmented programs are

implemented to address the concern. Augmented inspection programs for these situations tend

to have intervals less than 10 years.

Through the RI-ISI process, situations may be identified on a plant-specific basis where an

aggressive mechanism may potentially occur (e.g., back-leakage of hot water across a check

valve into a piping segment containing cooler water, thereby inducing the potential for thermal

striping). For these situations, the licensee may choose to either implement examinations more

frequently than every 10 years (including the use of thermal monitors) or implement changes to
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minimize the potential for the identified phenomenon. If the licensee chooses to implement a

program that will provide vital information more frequently than every 10 years, then that new

information would have to be evaluated at the time that is obtained to determine if a change to

the prior RI-ISI results is necessary.

Comparison of results to current ASME Section XI locations are provided with a cost benefit

update that now includes the pilot plant work at Surry Unit No. 1.

Examinations Requirements

An attempt should be made to provide a minimum of > 90% coverage criteria (per ASME Code

Case N-460) when performing an exam. Volumetrically this is done using ultrasonic (UT)

techniques with the >90% requirement being met in all Code required directions (averaged).

The examination is considered complete if the >90% coverage is obtained using the specified

technique in the plan or combinations of techniques if limitations are encountered. 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.

When an examination location is selected that does not meet >90% examination coverage, a

strategy should to be applied with regard to examination coverage as follows:

1. If >90% coverage is not obtained, the coverage obtained should be documented as

well as the reason for the coverage limitation. If the coverage is limited by an

obstruction, which is removable, then an evaluation should be performed to either

allow removal of the obstruction or justify why the obstruction cannot be

removed.

2. If the obstruction is required to remain, then consideration should be given to the

structural elements on either side of the selected structural element, which is

limited. If either of these structural elements can be examined to the coverage

requirements, then an examination should be performed there in addition to the

limited coverage exam already performed. This may be the only examination

performed in situations where the selected element was selected for statistical

sampling alone. Selecting another location would meet the statistical
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requirements for. the segment, and the original site does not need to be examined.

Additionally, the substitution (statistical) would not necessarily be limited to the

elements on either side of the element originally selected.

3. If the area or volume of concern still remains insufficiently addressed,

consideration should be given to leakage monitoring options such as more

frequent pressure testing and VT-2 examinations or operator walkdowns.

4. The coverage obtained, limitations encountered, alternative provisions, and an

assessment of how the risk is being addressed should be documented. The

information should be formally submitted as a relief request.

It should be noted though that if a current ASME Section XI examination is a partial

examination and it continues to be a partial examination in the RI-ISI process, the amount of

risk addressed by examination remains the same for that location. If a new location is going to

be examined by RI-ISI and it is a partial examination, but it was not previously required to be

examined by Section XI, then the new examination would still increase the amount of risk

addressed by examination for that location. It is not necessarily true that because you reduce

examination totals, that a complete examination must be performed at the RI-ISI selected

locations to maintain risk neutrality or improvement in the program. The impact of locations

being removed on the overall risk contribution should be assessed (i.e., usually the segment risk

contribution is negligible) in an analysis. Additionally the sampling requirements necessary to

maintain assurance of structural integrity should be accounted for in the analysis. These type

evaluations should be included in how the risk is being addressed in a partial examination

situation.

4.1 HIGH SAFETY-SIGNIFICANT LOCATIONS

HSS piping structural elements should be examined in accordance with the requirements of

Table 4.1-1 for the areas and/or volumes of concern at each HSS location. The requirements

contained in Table 4.1-1 have been taken directly out of ASME Code Case N-577 Risk-Informed

Requirements for Class 1, 2, and 3 Piping - Method A Section XI, Division 1. The NDE method

for each HSS location is based on the postulated failure modes and the configuration of each

piping structural element as described in Table 4.1-1. As an alternative to the requirements in
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Table 4.1-1, additional guidance for visual examination methods, examination monitoring

techniques, and NDE methods associated with postulated failure modes is provided in

Table 4.1-2. This guidance may be used subject to approval by an Authorized Nuclear Inservice

Inspector (ANII) under the requirements of Section XI, IWA-2240. All ASME Code Class 1, 2,

and 3 HSS locations should continue to receive a visual examination for leakage in accordance

with the system pressure test requirements of ASME Section XI.

4.2 LOW SAFETY-SIGNIFICANT LOCATIONS

LSS piping structural elements do not require NDE under a RI-ISI program. When a location is

determined to be LSS, it usually has no appreciable consequence or failure importance and thus

is assigned a low level examination requirement. This low level requirement consists of a

visual examination for leakage that may be conducted during operational walkdowns or in

conjunction with system pressure tests performed in accordance with ASME Section XI. LSS

locations that are determined to have a high failure importance and a low consequence are

usually examined by other Owner controlled programs for the failure mechanism of concern

such as Flow Accelerated Corrosion (FAC). These Owner controlled programs shall continue to

be implemented based on their own requirements.

4.3 SYSTEM PRESSURE TESTS

System pressure test requirements and VT-2 visual examinations shall continue to be performed

on all ASME Code Class 1, 2, and 3 systems regardless of whether the segments contain

locations that have been determined to be HSS or LSS. It is recommended that each Owner

consider the use of ASME Code Cases N-498-1 Alternative Rules for 10-Year System

Hydrostatic Testing for Class 1, 2, and 3 Systems Section XI, Division 1 and N-416-1

Alternative Pressure Test Requirement for Welded Repairs or Installation of Replacement Items

by Welding, Class 1, 2, and 3 Section XI, Division 1 to eliminate the need to perform elevated

system pressure tests. Use of a RI-ISI program does not require elevated system pressure tests

as currently required by ASME Section XI. Use of these ASME Code Cases has been approved

by the Nuclear Regulatory Commission (NRC) for many Owners. Both Code Cases are

presently being evaluated for industry acceptance by the NRC in Draft Regulatory Guide 1050
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Table 4.1-1
EXAMINATION CATEGORY R-A, RISK-INFORMED PIPING EXAMINATIONS

Examination Deferral of
Requirement/ Acceptance Examination to

Item No. Parts Examined Fig. No." Examination Method Standard" Extent and lrcquency End of Interval
Successive'

___ __ __ ___ __ __ __ ___ __ __ ___ __ __ __1st Interval Intervals

RI.10 High Safely-Significant Piping
Structural Elements

R1.11 Elements Subject to Thermal IWB-2500-8(c)' Volumetric IWB-3514 ElementnA Same as 1st Not Permissible
Fatigue IWB-2500-9,10,11

IWC-2500-7(a)'

R1.12 Elements Subject to High IWB-2500-8(c)' Visual, VT-2" IWB-3142 Each Same as 1st Not Permissible
Cycle Mechanical Fatigue IWB-2500-9,10,11 Refueling

IWC-2500-7(a)'

R1.13 Elements Subject to Corrosive, Note 8 Volumetric' (for Internal IW13-3514 Element' Same as 1st Not Permissible
Erosive, or Cavitation Wastage) or Surface (for Note 8 Element'
Wastage External Wastage)

R1.14. Elements Subject to Crevice Note 7 Volumetric IWB-3514 Element' Same as 1st Not Permissible
Corrosion Cracking

R1.15 Elements Subject to Primary Note 7 Visual, VT-2" IWB-3142 Each Same as 1st Not Permissible
Water Stress Corrosion Refueling
Cracking (IPWSCC)_

R1.16 Elements Subject to IWB-2500-8(c) Volumetric IWB-3514 Element2  Same as 1st Not Permissible
Intergranular Stress Corrosion IWB-2500-9,10,11
Cricking (IGSCC) .

R1.17 Elements Subject to IWB-2500-8(c) Visual, VT-3 Internal Note 8 Element2  Same as 1st Not Permissible
Microbiologically Influenced IWB-2500-9,10,11 Surfaces or Volumetric'
Corrosion (MIC)

R1.18 Elements Subject to Flow Note 9 Note 9 Note 9 Note 9 Note 9 Note 9
Accelerated Corrosion (FAIC)
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Table 4.1-1 (cont.)
EXAMINATION CATEGORY R-A, RISK-INFORMED PIPING EXAMINATIONS

Notes:

(1) The length for the examination volume shall be increased to include 1/2 in. beyond each side of the base metal thickness transition or
countcrbore.

(2) Includes all examination locations identified in accordance with the risk-informed selection process in Section 3.7.

(3) Includes 100% of the examination location. When the required examination volume or area cannot be examined due to interference by
another component or part geometry, limited examinations shall be evaluated by the Expert Panel for acceptability. Areas with
acceptable limited examinations, and their bases, shall be documented.

(4) The examination shall include any longitudinal welds at the location selected for examination in Note 2. Tile longitudinal weld
examination requirements shall be met for both transverse and parallel flaws examination volume defined in Note 2.

(5) Initially-selected examination locations are to be examined in the same sequence during successive inspection intervals, to the extent
practical.

(6) Applies to mill annealed Alloy 600 nozzle welds and heat affected zone (HAZ) without stress relief.

(7) The examination volume shall include the volume surrounding the weld, weld heat affected zone, and base metal, where applicable, in
the crevice region. Examination should focus on detection of cracks initiating and propagating from the inner surface.

(8) The examination volume shall include base metal, welds and weld HAZ in the affected regions of carbon and low alloy steel, and the
welds and weld HAZ of austenitic steel. Examinations shall verify the minimum wall thickness required. Acceptance criteria for
localized thinning is in course of preparation. The examination method and examination region shall be sufficient to characterize the
extent of the element degradation.

(9) In accordance with the Owner's existing FAC program.

(10) Paragraph and Figure numbers refer to the 1989 Edition.

(11) VT-2 examinations may be conducted during a system pressure test or a pressure test specific to that component/element.
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Table 4.1-2
GUIDANCE FOR VISUAL EXAMINATION METHODS, EXAMINATION

MONITORING TECHNIQUES, AND NDE METHODS ASSOCIATED WITH
POSTULATED FAILURE MODES

Potential Piping Inside Surface Initiated Flaws or Relevant Conditions (1)

Piping Postulated Suggested Visual Exam
Structural Failure Method, Monitoring
Elements Modes Technique, or NDE Method

Butt Welds (2) Cracking Ultrasonic Examination (3)
2 .237 in. Nominal Wall Thermal Fatigue, or

Thicknessfor Piping Mechanical Fatigue, or Continuous Temperature and/or
2 NPS 2 Corrosion Stress Monitoring

For Thermal Fatigue

Butt Welds (2) Cracking Radiographic Examination (4)
<.237 in. Nominal Wall Thickness Thermal Fatigue, or

Mechanical Fatigue, or Continuous Temperature and/or
Corrosion Stress Monitoring

For Thermal Fatigue

Butt Welds (2) FAC Combinations of Ultrasonic
Essentially Limited to RAW Water Microbiologically Influenced Examination (5), and

Cooling Systems Corrosion, Heat Affected Zone Radiographic Examination (4)
Washout, and General Erosion

Branch Connection Welds Cracking Radiographic Examination (4)
Branch Pipe s NPS 2 Connected to Thermal Fatigue, or

Main Run Pipe s NPS 4 Mechanical Fatigue, Continuous Temperature and/or
Corrosion, or Stress Monitoring

Vibrational Fatigue (6) For Thermal Fatigue

Branch Connection Welds Cracking Ultrasonic Examination (3)
Branch Pipe > NPS 2 Connected to Thermal Fatigue Main Run Pipe Base Material
2 .237 in. Nominal Wall Thickness Mechanical Fatigue, Adjacent to The Weld

Main Run Pipe Corrosion, or and
> NPS 4 Vibrational Fatigue (6) Radiographic Examination (4)

Weld and Branch Fitting Base
Material Adjacent to The Weld

to The Extent Possible
or

Continuous Temperature and/or
Stress Monitoring
For Thermal Fatigue

Socket Welds Cracking Radiographic Examination (4)
2.237 in. Nominal Wall Thickness Thermal Fatigue Supplemented By

Mechanical Fatigue, Ultrasonic Examination (3)
Corrosion, or Pipe Base Material Adjacent to The

Vibrational Fatigue (6) Weld
FAC or

General Wastagefrom Flow or Continuous Temperature and/or
Oxidation Stress Monitoring

For Thermal Fatigue
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Table 4.1-2 (conQ)
GUIDANCE FOR VISUAL EXAMINATION METHODS, EXAMINATION

MONITORING TECHNIQUES, AND NDE METHODS ASSOCIATED WITH
POSTULATED FAILURE MODES

Potential Piping Inside Surface Initiated Flaws or Relevant Conditions (1)

Piping Postulated Suggested Visual Exam Method,
Structural Failure Monitoring Technique, or
Elements Modes NDE Method

Socket Welds Cracking Radiographic Examination (4)
<.237 in. Nominal Wall Thermal Fatigue or

Thickness Mechanical Fatigue, Continuous Temperature and/or
Corrosion, or Stress Monitoring

Vibrational Fatigue (6) For Thermal Fatigue
FAC

General Wastagefrom Flow or
Oxidation

Pipe Runs or Areas FAC Ultrasonic Examination (5),
Base Material General Wastage from Flow or Radiographic Examination (4), or

and Welds Oxidation Infra-Red Thermography (7)

Pipe Fittings FAC Ultrasonic Examination (5),
Such as Elbows, Tees, Reducers, or General Wastagefrom Flow or Radiographic Examination (4), or

Expanders Oxidation Infra-Red Thermography (7)

Potential Piping Outside Surface Initiated Flaws or Relevant Conditions

AU Piping Structural Elements Cracking Liquid Penetrant Examination or
Such as Butt Welds, Branch Thermal Fatigue Eddy Current Examination

Connection Welds, Socket Welds, Mechanical Fatigue, For Austenitic Stainless Steels, Non-
Pipe Runs, or Pipe Fittings Corrosion, or Ferritic High Alloy Materials, and

Vibrational Fatigue (6) Dissimilar Metal Welds
or

Magnetic Particle Examination or
Eddy Current Examination

For Carbon Steel, Ferritic
Low Alloy Steel Materials and

Welds

AU Piping Structural Elements Corrosion Visual, VT-3
Such as Butt Welds, Branch General Wastagefrom Examination (8)

Connection Welds, Socket Welds, Oxidation
Pipe Runs, or Pipe Fittings
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Table 4.1-2 (conL)
GUIDANCE FOR VISUAL EXAMINATION METHODS, EXAMINATION

MONITORING TECHNIQUES, AND NDE METHODS ASSOCIATED WITH
POSTULATED FAILURE MODES

Notes:

(1) Inside surface examinations of piping structural elements subject to cracking may be performed if
they become accessible in lieu of the suggested volumetric examinations of this table.
Examination methods such as liquid penetrant examination, eddy current examination, or
magnetic particle examination for appropriate materials may be used. For piping structural
elements subject to FAC, a general VT-3 visual examination may be performed from the inside
surface of the piping, but it may necessary to supplement this general visual examination with
other examination methods to determine the extent of the erosion or corrosion.

(2) Butt welds include circumferential welds and longitudinal welds. The examination methods
suggested for these welds include methods for welds of all materials, dissimilar metal welds, or
portions thereof except for those welds that are made from austenitic cast stainless steel materials.
Radiographic examination should be used for welds that include austenitic cast stainless steel
materials.

(3) An ultrasonic angle beam examination sensitive to flaws initiating at the inside diameter surface
of a weld or heat affected zone should be used.

(4) Radiographic examination is a sensitive examination for identifying flaws parallel to the radiation
beam used in the technique. The method is good for the detection of pits, slag, and thermal
fatigue cracks. Intergranular stress corrosion cracking, stress corrosion cracking, and off angle
cracks are not reliably detected with this method. This examination method provides an accurate
plan view for the location of flaws that it can detect and is extremely helpful used in conjunction
with ultrasonic examination to evaluate localized areas of pitting, flow erosion, or
microbiologically influenced corrosion attacks.

(5) An ultrasonic straight beam examination is used here for accurate measurements of material
thickness. This method to used to assess erosion/corrosion material loss.

(6) Cracking resulting from vibrational fatigue is not usually detectable by NDE methods prior to
leaking. Guidance for assessment of vibrational fatigue conditions may be found in Part 3 of the
ASME OM-S/G-1990 GUIDE.

(7) Infra-red thermography may be a useful examination method for overall erosion/corrosion
assessments to locate general areas of wall loss in steam or hot fluid systems. This method
should be combined with ultrasonic examination or radiographic examination for accurate wall
loss measurements.

(8) This general VT-3 visual examination method is good for location of general wastage from
oxidation, but if severe oxidation is identified other examination methods may have to be used to
quantify the amount of material loss..
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which will be Revision 12 to U.S. NRC Regulatory Guide 1.147. Non-Code Class system

examination requirements for HSS or LSS locations shall include those system pressure tests

and corresponding visual examinations for leakage that are required under an Owner's Current

Licensing Basis (CLB) as defined in 10 CFR 54.3. Generally, Non-Code Class systems do not

require inservice type system pressure tests.

4.4 COMPARISON OF RESULTS TO CURRENT ASME XI INSPECTION LOCATIONS

This section discusses the comparison of the results of the risk-informed process to the current

ASME Section XI piping inspection locations.

4.4.1 Comparison of Examination Locations

Millstone 3 Comparison

Table 4.4-1 provides a comparison of the structural element/location selections by system for

the representative WOG plant. The risk-informed ISI program results are compared against the

existing ISI program weld selections based on the 1989 Edition of the ASME Code Section XI

requirements.

The first column of the table represents the systems that were evaluated under the risk-

informed ISI program. This list is also shown in Table 3.2-1 and includes all the ASME Code

Class 1, 2, and 3 piping systems of the existing ISI program, piping systems modeled in the

PSA, and various balance of plant (non-nuclear Code Class) systems.

The second column of the table identifies the piping segments determined to be high

safety-significant by the expert panel previously shown in Table 3.6-13. These high

safety-significant piping segments include all the piping structural elements that were

evaluated for inclusion in the risk-informed ISI program by the expert panel.

The third column divides the number of the structural elements selected for examination by the

expert panel into each of the applicable ASME Code Classifications for each system. This

column shows the number of elements that were selected for examination in accordance with

the risk-informned ISI program within the ASME Code Class 1, 2, and 3 piping systems, and no

exemptions were applied from IWB-1220, IWC-1220, or IWD-1220 of Section XI.
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Table 4.4-1
MILLSTONE UNIT 3 PRELIMINARY STRUCTURAL ELEMENT SELECTION

RESULTS AND COMPARISON TO ASME SECTION XI 1989
EDITION REQUIREMENTS

High Safety- Risk-Informed ISI Program ASME Section XI ISI Program
Significant High Safety-Significant 1989 Edition Examination

Systems Evaluated Segments Structural Elements Category Weld Selections

CLASS 1 CLASS 2 CLASS 3 B-F B-J C-F-1 C-r-2

BUDG (SG Blowdown) 0

CCE (CT-IS Cool) 0 °

CCI (SI Cool) witll SIT-I -

CCP (CCW) 4 0 0 5 0 0 0 0

CHS (CVCS) 4 0 6 0 0 9 10 0

CNM (Condensate) witli FWS - - - - - - -

DTM (Turbine Plant Drains) willt MSS - - - - - - -

ECCS (1) 1 0 1 0 0 0 0 0

EGI: (DG Fuel) 0 - - - - - - -

FWA (Aux Feed) 5 0 8 (2) 1 0 0 0 3

FWS (Feedwater) 0 0 0 0 0 0 0 41

HVK (Control Bid Chill) 0 - - - - - - -

MSS (Main Steam) 0 0 0 0 0 0 0 32

QSS (Quench spray) 1 0 2 0 0 0 64 0
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Table 4.4-1 (cont.)
MILLSTONE UNIT 3 PRELIMINARY STRUCTURAL ELEMENT SELECTION

RESULTS AND COMPARISON TO ASME SECTION XI 1989
EDITION REQUIREMENTS

High Safety- Risk-Informed ISI Program ASME Section XI ISI Program
Significant High Safety-Significant 1989 Edition Examination

Systems Evaluated Segments Structural Elements Category Weld Selections

CLASS 1 CLASS 2 CLASS 3 B-F B-J C-F-1 C-F-2

RCS 55 67(3) 0 0 22 318 0 0

RHS (RI-IR) with SIL - - - - - - -

RSS (Recirc) 1 0 1 0 0 0 23 0

SEC (Fuel Pool) 0 - - - - - - -

SIH (HPIl) 4 0 4 0 0 57 28 0

SIL (Lll) 5 0 6 0 0 40 106 0

SWP (SW) 16 0 0 18(3) 0 0 0 0

TOTAL (4) 96 67 28 24 22 424 231 76

Notes:

(1) Section XI weld selections are included in the SIH and SIL systems.

(2) Includes 4 Feedwater Pipe to Nozzle welds that were not determined to be High Safety-Significant.

(3) Eight RCS and 4 Service Water High Safety-Significant elements/segments will require VT-2 exams only.

(4) Total RI-ISI Elements Requiring NDE = 107 Total Section XI Welds = 753 86% REDUCTION
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No element selections were determined to be applicable outside the existing ASME Code Class

boundaries at Millstone Unit 3, but this may not be the case at all plants that apply this process.

Section XI currently addresses only weld selections, and under a risk-informed ISI program,

this may not always be the case. Since the process identifies the segments of piping that are

high safety-significant in relation to their possible failure affecting core damage, the use of*

existing Section XI exemptions and examination criteria has been shown at Millstone Unit 3 not

to be appropriate. Additionally, the following specific information about some of these element

selections is provided to show that, under a risk-informed ISI program, the current Section XI

requirements may. not be applicable to the elements selected for examination:

* for the Chemical and Volume Control System (CHS), six Class 2 elements are shown to

have been selected for examination under the risk-informed ISI program. Of these six

elements, five are currently exempt from NDE by Section XI because of their pipe sizes

under IWC-1220;

* the element selected for examination under the Class 2 column of the Emergency Core

Cooling System (ECCS), is not a weld location, but is limited to base metal and is

identified in Figure 3.7-4;

* in the Auxiliary Feedwater System (FWA), the Class 3 element that was selected for

examination is located on a line that is currently exempt from NDE by pipe size under

IWD-1220;

* in the Low Pressure Safety Injection System (SIL), one of the six Class 2 elements

selected for examination is also exempt from NDE by pipe size under IWC-1220; and

* for the Service Water System (SWP), selected Class 3 elements, two of the 18 selected are

also exempt from NDE by pipe size under IWD-1220.

The fourth column shows the current weld selections under the requirements of the existing

Millstone Unit 3 ISI program for Class 1 and 2 piping. These selections are determined under

the requirements of Table IWB-2500-1 for Class 1 piping, Examination Categories B-F Pressure

Retaining Dissimilar Metal Welds and B-J Pressure Retaining Welds in Piping; and

Table IWC-2500-1 for Class 2 piping, Examination Categories C-F-1 Pressure Retaining Welds in
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:.

Austenitic Stainless Steel or High Alloy Piping and C-F-2 Pressure Retaining Welds in Carbon

or Low Alloy Steel Piping. For Class 3 piping, there are no current requirements to examine

welds, but the piping itself receives system pressure tests. For purposes of identifying Class 3

piping subject to examination, the rules of Table IWD-2500-1, Examination Category D-A under

the 1992 Edition of ASME Section XI, have been used.

Table 4.4-1 shows that 119 elements were selected for some type of examination under the

Millstone Unit 3 risk-informed ISI program. 107 of these elements will receive some type of

NDE, Vibration Monitoring, or ID Visual VT3 examination. All the remaining elements in the

risk-informed ISI program and those currently included in the Section XI ISI program will

continue to receive Visual VT-2 examinations during system pressure tests.

Surrv Unit 1 Comparison

Table 4.4-2 for Surry 1 is constructed similar to Table 4.4-1 for Millstone 3 presenting a

comparison between a risk-informed program and the current ASME Section XI requirements

on piping. An identification of piping segments that are part of plant augmented programs is

also included for Surry 1.

As in the Millstone 3 results, Surry 1 will be performing examinations at elements not currently

required to be examined by ASME Section XI. Some examples of these additional examinations

are provided:

* Several elements currently classified as Non-Code Class will receive examination. These

examinations will be in addition to applicable augmented inspection programs that will

be continued. Non-Code Class systems or portions of systems that are Non-Code Class

identified as having piping segments requiring examination include auxiliary steam,

steam generator blowdown, and feedwater. The ASME Section XI Code does not

address Non-Code Class systems.

* Several elements currently classified as Class 3 will receive examination. Class 3

systems or portions of systems that are Class 3 identified as having piping segments

requiring examination include auxiliary feedwater and component cooling water. The
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ASME Section Da Code does not require NDE (volum etric or surface) examinations on

Class 3 systems.

The ASME Section )a Code does not require volumetric and surface examinations of

piping less than 3/8 inch wall thickness on Class 2 piping greater than 4 inch nominal

pipe size (N'PS). The welds are counted for percentage requirements, but not examined

by NDE. The risk-informed program will require examination of these welds.

Examples where the risk- informed process required examination and the Code did not

are the suction lines to the charging pumps (high head safety injection).

Since the risk-informed inspection program will require examinations on a large number of

elements constructed to lesser inspection requirements, the program in all cases will determine

through an engineering evaluation the root cause of any unacceptable flaw or relevant

condition found during examination. The evaluation will include the applicable service

conditions and degradation mechanisms to establish that the element(s) will still perform their

intended safety function during subsequent operation. Elements not meeting this requirement

will be repaired or replaced.

The evaluation will include whether other elements on the segment or segments are subject to

the same root cause and degradation mechanism. Additional examinations will be performed

on these elements up to a number equivalent to the number of elements required to be

inspected on the segment or segments initially. If unacceptable flaws or relevant conditions are

again found similar to the initial problem, then the remaining elements identified as susceptible

will be examined.

No additional examinations will be performed if there are no additional elements identified as

being susceptible to the same service related root cause conditions or no degradation

mechanism.
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Table 4.4-2
SURRY UNIT 1 STRUCTURAL ELEMENT SELECTION
RESULTS AND COMPARISON TO ASME SECTION XI

1989 EDITION REQUIREMENTS

Number of High
Safety-Significant
Segments (No. in Risk-Informed ISI Program ASME Section XI ISI Program Total Number of

Augmented High Safety-Significant 1989 Edition Examination Segments Credited in
System Program) Structural Elements' Category Weld Selections Augmented Programs

CLASS 1 CLASS 2 CLASS 3 NON-CODE B-F B-l C-F-1 C-F-2

ACC 0 9 0

AFW` 11(5) 5 3+3' 6 16

AS 2 2 0

BDC 6 (6) 3 3 12

CC 6 13+4. 0

CH 8 12+6+4f 1+3' 39 3

CN' 0 6

CS 0 2h 9 2

CWd 4 0

ECC 7 12 1 4 24 1

EE 0 0

EC 0 0

FWC 13 (13) 7 6 17

HHIC 14 (1) 15+t2h 63 5

LHIC7(1) 7+3b+2h 23 1
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Table 4.4-2 (cont.)
SURRY UNIT 1 STRUCTURAL ELEMENT SELECTION
RESULTS AND COMPARISON TO ASME SECTION XI

1989 EDITION REQUIREMENTS

Number of High
Safety-Significant ASME Section XI IS1
Segments (No. in Risk-Informed ISI Program Program Total Number of

Augmented Higlt Safety-Significant 1989 Edition Examination Segments Credited in
System Program) Structural Elements' Category Weld Selections Augmented Programs

CLASS 1 CLASS 2 CLASS 3 NON-CODE B-F B-J C-F-1 C-P-2

MS' 3 (3) 2+lr 18 23

RC 11 20(+10''+3" 18 146 3

RH 4 1 4 4 12 0

RS 2 2 4 0

SW" 8 5+3' 0

Vs 2 2 0

TOTAL 108 68 53 33 12 18 202 49 116 89

Summary: Current ASME Section XI selects a total of 385 non-destructive exams while the proposed RI-ISI program selects a total of 136 exams
(166 - 30 visual exams), which results in a 65% reduction.

Notes for Table 4.4-2

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. VT-2 area exam at specific location.
c. Augmented programs for erosion-corrosion and/or high energy line break continue.
d. Pipe coatings program will be maintained.
e. VT-2 for entire segment.
f. UT thickness only.
g. Segment MS-34 has no weld; VT-2 for entire segment.
h. Ten examinations added for change in risk considerations.
i. Six examinations added for defense-in-depth at the reactor vessel outlet nozzle to pipe welds.
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4.4.2 Risk/Safety Evaluation

The effect of the RI-ISI program on risk must be estimated in order to ensure that a program

that could have an adverse effect on safety is not implemented. The aggregate effects of

changes to examination requirements must be evaluated. The assessment should consider.

changes in ISI effectiveness relative to both the inspection location and the examination

method, frequency and level of qualification.

The region in which the piping segment is categorized in the structural element selection matrix

(Figure 3.7-1) can be used to guide the evaluation:

The piping segments in Region 4 should result in a risk neutral impact compared to

current ASME Section XI requirements.

The piping segments in Region 3 should result in a risk neutral impact, particularly if

the Owner Defined Program remains the same. However, even if the Owner Defined

Program is enhanced, the benefit should be minimal relative to safety, but could be

substantial from an plant operation perspective.

* The piping segments in Region 2 should result in a risk neutral impact. The quantitative

impact of NDE on these segments is minimal because of the low failure importance

within these segments. However, for segments in this region that currently are not

examined per current ASME Section XI requirements, the examination of these segments

will add defense-in-depth to these high safety-significant locations.

* The piping segments in Region 1 should result in a risk neutral to a beneficial impact on

risk. If new susceptible locations are identified, beyond those already examined per

ASMIE Section XI or per an Owner Defined Program, the examination method,

frequency, and qualification could have a beneficial impact on risk. An appropriate

selection of examination method, frequency and level of qualification could provide a

level of improvement in failure probability of the given location depending on the

mechanisms and loading conditions that are experienced.
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The combined impact of the segments from all four regions is then evaluated to make an overall

assessment of RI-ISI program changes on risk. If properly implemented, the RI-ISI should

always result in a risk-neutral to risk-reduction compared to the current ASME Section XI

program.

If the proposed changes result in a risk impact that is not acceptable, the results from each step

of the process should be reviewed to identify where the inclusion of additional piping

examinations would decrease the risk impact.

Millstone 3 Plant Evaluation

A comparison of the core damage frequency being addressed by the current ASME Section XI

and by the proposed risk-informed ISI program is shown in Figure 4.4-1.

This comparison was based on the core damage frequency being addressed by examination of

the 119 structural elements in the risk-informed ISI program and the 753 weld locations that are

examined per current ASME Section Da requirements. If a structural element was being

inspected in the current ASME Section XI program, then the CDF contribution for the segment

containing that structural element was identified and was included in the total CDF being

addressed for the system. Similarly, if a structural element is to be inspected in the proposed

risk-informed ISI program, then the CDF for the segment containing that structural element

was included in the calculation of the total CDF being addressed for the system. Examination

of the current ASME Code weld locations addresses a CDF of 1.OOE-08/yr (44%) while

examination of the risk-informed ISI structural elements addresses a CDF of 2.25E-08/yr (98%)

for pressure boundary piping failures (out of a total piping CDF of 2.28E-08/year). Thus, safety

is enhanced with far less locations being inspected.

This figure shows the comparison by the systems as defined in the risk-informed program. For

example, Table 4.4-1 shows no risk-informed ISI locations for the FWS system, but it shows ISI

locations for current ASME Section XI requirements. However, because of the system definition

used in the risk-informed ISI program, several locations classified under FWS in ASME

Section XI are the same as those classified in the FWA system under the risk-informed ISI

program (piping that is common to both the FWA and FWS systems was assigned to the FWA

system in the risk-informed program).
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This comparison also assumes 100% effectiveness in detection of precursors to failures for both

the Section )a and risk-informed ISI locations in the high safety-significant segments. Credit

for leakage testing in finding these precursors by either program in both the high safety-

significant and low safety-significant piping segments is not taken in this evaluation.

The total piping core damage frequency is a small fraction of the total plant core damage

frequency of 5.87E-05/yr. Examination of the plant piping at the risk-informed locations,

however, will verify that the risk of piping pressure boundary failure remains a small

contributor to total risk as the unit ages over its licensed life.

Sumry Evaluation

A comparison of the Surry results from the proposed risk-informed ISI program and that of the

current Section Da ISI program was made to evaluate the change in risk. Two approaches were

used to compare the CDF and LERF changes.

The first approach (similar to the Millstone 3 evaluation) assumed that for any segment a) in the

current Section XI program (for the Section XI risk calculation) or b) in the proposed RI-ISI

program (for that calculation) or, c) in the augmented program, the risk associated with that

segment would be addressed completely (with 100% effectiveness). The results from this

approach are shown in Figures 4.4-2 and 4.4-3 by system, for CDF and LERF respectively.

As shown by the figures, the RI-ISI program (with augmented) addresses approximately 86% of

the CDF risk while the current Section XI (with augmented) addresses about 53%. Similarly, the

RI-ISI program (with augmented) addresses approximately 94% of the LERF risk while the

current Section XI addresses only 20%. The systems which lead to the improvement which are

addressed in the RI-ISI program are blowdown, feedwater, main steam and auxiliary feedwater.

The second approach evaluates the change in risk with the inclusion of the probability of

detection as determined by the SRRA model. For this risk comparison between the current

Section XI ISI program and the recommended risk-informed ISI program calculations, the

following conditions are used:
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* For piping segments that are part of augmented programs (such as erosion-corrosion

and stress corrosion cracking), the SRRA failure probabilities with ISI are used (no

change from previous calculations).

* For other piping segments, the failure probability with ISI for those being inspected by

NDE are used.

* For the RCS piping segments, the failure probability with ISI for those being inspected

by NDE and without ISI for those not being inspected was used along with credit for

leak detection.

* The risk calculations are performed for all 4 cases (CDF and LERF with and without

operator action). The calculations with operator recovery action from the piping failure

assumes perfect operators, that is, no human error probabilities will be included.

* For piping segments that are in both the Section XI program and the augmented

program, no additional credit is given to the Section XI program in the calculations.

* For piping segments that are in both the RI-ISI program and the augmented program, no

additional credit is given to the RI-ISI program in the calculations.

* For selected piping segments that are in both the RI-ISI program and the augmented

program in which additional or more stringent examinations are proposed beyond the

augmented program, a factor of three improvement (based on work done by Khaleel

and Simonen, 1994 which identified an improvement factor based on failure potential)

in the failure probability was credited.

* For selected piping segments that are in both the current Section XI program AND an

augmented program in which the Section XI proposes that additional or more stringent

examinations beyond the augmented program are performed, a factor of three

improvement in the failure probability is credited.
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Criteria For Evaluation of Results

The suggested criteria for evaluating the results of the study are the following:

1. The total change in piping risk should be risk neutral or a risk reduction in moving from

the current Section XI to RI-ISI. If not, the dominant system and piping segment

contributors to the RM-ISI risk should be reexamined in an attempt to identify additional

examinations which would make the application at least risk neutral. If additional

examinations can be proposed, then the change in risk calculations should be revised to

credit these additional examinations until at least a risk neutral position is achieved.

2. Once this is achieved, an evaluation of the dominant system contributors to the total

risk for the RI-ISI (e.g., system contribution to the total is greater than approximately

10%) should be examined to identify where no improvement has been proposed (i.e.,

where moving from no ISI or Section XI ISI to RI-ISI, the risk has not changed and it is

still a dominant contributor to the total CDF/LERF). If any systems are identified where

this is the case, the dominant piping segments in that system should be reevaluated in

an attempt to identify additional examinations which would reduce the overall risk for

these systems and thus possibly the overall risk.

3. The results should be reviewed to identify any-system in which there is a risk increase in

moving from the Current Section XI program to the RI-ISI program. The following

guidelines are suggested to identify if additional examinations are necessary:

* If the CDF increase for the system is approximately a) greater than two orders of

magnitude below the risk-informed ISI CDF for that system or b) greater than

IE-08, (whichever is higher), then at least one dominant segment in that system

should be reevaluated to identify additional examinations

* If the LERF increase for the system is a) greater than two orders of magnitude

below the risk-informed ISI LERF for that system or b) greater than 1E-09

(whichever is higher), then at least one dominant segment in that system should

be reevaluated to identify additional examinations
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4. If any additional examinations are identified, the change in risk calculations should be

revised to credit these additional examinations.

These criteria will provide added assurance that the risk from moving to the RI-ISI program has

been addressed. For Surry, this evaluation resulted in the identification of 10 piping segments

for which examinations are now required.

The results from the risk comparison for Surry are shown in Table 4.4-3 and Figure 4.4-4. As

can be seen from the table and figure, the risk-informed ISI program reduces the risk associated

with piping CDF/LERF slightly more than the current Section XI program while reducing the

number of examinations required.

Table 4.4-3
SURRY UNIT 1 COMPARISON OF CDFILERF FOR NO ISI, CURRENT SECTION XI

AND RISK-INFORMED ISI PROGRAMS

Piping CDF/LERF Piping CDF/LERF Piping CDF/LERF
Case Without ISI Current Section XI Risk-Informed

CDF No Operator 6.28E-05 6.09E-05 5.34E-05
Action

CDF with Operator 4.05E-06 2.29E-06 1.67E-06
Action

LERF No Operator 5.18E-06 5.09E-06 4.63E-06
Action

LERF with Operator 4.46E-07 3.63E-07 1.54E-07
Action
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A comparison between the total piping CDF/LERF and the total plant CDF/LERF reported for

Surry in Section 3.1.4 (total plant CDF of 7.2E-05/year and total plant LERF of 1.1E-05/year)

was not made because both the piping CDF/LERF and the plant CDF/LERF address large,

medium, and small LOCAs, steam line breaks and other events (i.e., there is overlap between

the two models).

4.4.3 Cost-Benefit Evaluation

Upon completion of general NRC approval allowing use of risk-informed ISI methodologies

contained in this WOG Topical Report for piping, a nuclear utility owner will decide whether to

develop their own risk-informed program. The owner will have the option to identify and

implement alternative approaches to achieve the same or greater level of safety than is obtained

through implementation of ASME Section XI. The choice of alternatives will be first predicated

on achieving the same or greater safety (as ASME Section XI), and then on the associated

economic and manrem burden associated with. the various alternatives.

To support the WOG risk-informed ISI applications, both Northeast Utilities and Virginia

Power performed cost-benefit evaluations at the time the respective studies at Millstone Unit 3

and Surry Unit 1 were being completed. Northeast Utilities reviewed prior ISI program

information to estimate both the direct and indirect inspection costs and to estimate person-rem

savings from implementation of the program. Virginia Power used average NDE examination

costs and assumed that similar person-rem savings could be achieved as Northeast Utilities

showed for Millstone Unit 3. Virginia Power also estimated how much effort it would take to

repeat a risk-informed ISI application for heir other units. A paper by Nitin J. Shah, et al (1997)

also captures their cost-benefit study along with lessons learned from performing the pilot

study at Surry Unit 1. The next sections summarize the Northeast Utilities and Virginia Power

studies to help other utilities in determining the cost-benefit of doing a risk-informed ISI

program.

Northeast Utilities Study

Northeast Utilities has provided estimated savings from implementation of a risk-informed

inservice inspection program to the piping systems at Millstone Unit 3 in the Supplemental

Information enclosed within this topical report. This section builds on this information to

provide an indication of the cost-benefit for all WOG member plants.
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An estimated savings of $332,000 per outage in direct inspection related costs has been

identified for Millstone Unit 3. A savings of 15 person-rem per outage has also been estimated

for inspection of Millstone Unit 3 piping using a risk-informed approach.

The Westinghouse Owners Group has established estimated standard cost factors for

parameters that are impacted by their programs using a blending of information from the

membership. These factors are used in this cost-benefit evaluation, where applicable.

Table 4.4-4 shows net present values of estimated savings from implementation of a risk-

informed inspection program for nuclear plant piping systems. As shown in the table,

significant savings can be achieved in direct costs. Other indirect cost savings are also expected

to be significantly reduced. These indirect cost savings are expected to include:

v Outage critical path reduction (which is becoming more important as utilities continue

to reduce outage length)

Program administration cost reduction

* Insurance premium reduction

* Cost reduction associated with evaluating flaw indications in low safety-significant

piping

In addition, a risk-informed ISI program should enhance the finding of precursors to potential

failures because inspection resources are focused on locations of highest failure potential in

high safety-significant piping segments. The identification of these precursors should help

minimize events like leaks, which result in significant business interruption losses. In

summary, the development and implementation of a risk-informed ISI program provides the

opportunity to significantly reduce burden while maintaining or enhancing safety.

The total effort to perform the risk-informed ISI program for the representative WOG plant

exceeded the direct savings that would be gained during one outage at that unit. However,

more than half of that cost was associated with learning and adapting the methodology to be

applied across all the piping systems at a large nuclear plant, which is a first-of-a-kind

application. In addition, there were considerable costs associated with interfacing with ASME,

NEI, and the NRC on this project.
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Table 4.4-4
ESTIMATED SAVINGS FROM RISK-INFORMED INSPECTION

FOR TYPICAL 4-LOOP PLANT* (MILLSTONE 3)

Description Considerations Net Present Value of Savings'

Direct Costs

Actual Inspection Costs Includes NDE, scaffolding and 51,889,660
insulation removal

ALARA Costs Assuming approximately 15 REM $846,650
per outage savings and using
S10,000/REM

TOTAL DIRECT COST SAVINGS $2,736,310

Indirect Costs

Administrative Costs Paper work including work orders, Not estimated
surveillances ant 5 or, rn-_ -

Outage Critical Path Reduction of 1-2 c .-- ; outage $1,314,170
time anticipated as outages become
shorter (NPV savings assumes
0.5 day at S340,000 per day)

Insurance Premiums Not estimated

Analysis Costs From flaw indication evaluations in Not estimated
low safety-significant piping
segments

TOTAL ESTIMATED DIRECT > $4,050,480
AND INDIRECT SAVINGS

* The estimated savings for 2-loop and 3-loop units will obviously be lower than these values
depending on the number of piping locations currently being inspected to the requirements of ASME
Section XM. The effort to perform a risk-informed ISI program, however, will require less resources
relative to the number of piping system segments to be addressed.

** Assumes discount rate of 7.5% and estimated savings at each outage over the remaining 30 years of
operating license life.
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It is believed by the team members that the risk-informed ISI program can be applied in the

future at a cost much less than the direct savings that are gained from piping examinations

done in one outage from implementation of the program.

Virginia Power Study

The Surry-1 pilot project endeavored to measure the relative level of safety provided by the

risk-informed methodology that should provide a basis for general NRC approval via this

Topical report that other utilities will follow.

Preliminary cost figures have been developed from the Surry-1 project, both actual and

projected, to better understand the cost of implementing a risk-informed ISI program. A man-

week (ManWk) assessment follows:

1) System scope - 2.5 Manweeks

2) Segment identification - 7.5 Manweeks

3) Conditional consequence quantification - 30 Manweeks

4) Failure probability quantification - 46 Manweeks

5) Risk evaluation - 3.0 Manweeks

6) Expert panel categorization - 24 Manweeks

7) Element & NDE selection - 12 Manweeks

8) Administrative - 4.0 Manweeks

Total: 129 Manweeks

A man-week cost was estimated at $2300. The estimate contains direct plus contractor costs

brought in to support the project and provide training. The estimated cost to develop a

program is approximately $300,000. Additionally, Virginia Power has three other similar units

(North Anna 1 & 2 and Surry 2), where some reduction in cost can be obtained due to the

similarity. It is estimated that all four units can be completed for approximately $950,000. This

cost does not include WOG support funds requested for the Surry-1 pilot. These funds were

considered unique to the pilot application (sensitivity studies, software alterations, research,

etc.) and would not be required after rulemaking. The SRRA failure probability software was

provided to the Surry project at no additional cost.
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Program maintenance costs are assumed equivalent to the current program maintenance costs

for the purpose of this analysis due to a lack of information and, therefore, are not considered in

the evaluation. However, the program is a living program and will require more frequent

updates when requirements necessitate it. As such, the maintenance costs will be higher, but

probably only marginally.

Again, assuming equivalency in safety, management will want to recover the initial investment

costs in the program over time or the process would be rejected rather quickly. The actual

projected reduction is estimated at this time to be 65% (see Table 4.4-2), however savings can be

plotted over various reduction percentages to ascertain the break-even point. Figures 4.4-5 and

4.4-6 provide some of this information. The plots assume that an average NDE examination

costs $4000. One-third of the cost is direct NDE costs and two-thirds is associated with support

work (scaffolding, insulation removal and reinstallation, cleaning, etc.). Figure 4.4-6

additionally assumes an exposure reduction at 80% (15 Rem / 4 loop plant, 10 Rem / 3 loop

plant) and assumes a cost of S10,000/Rem. The exposure reduction is then reduced linearly

with reduction percentage. The plots are based upon current ASME Section XI programs at

three Westinghouse PWRs.

By assuming a 65% reduction in examination at an older 3-loop plant, such as Surry-1, due to

the risk-informed methodology, then Figure 4.4-5 indicates that the initial $300,000 investment,

not considering exposure reduction, would be paid back in just over 3 years. Considering the

exposure reduction (Figure 4.4-6) would reduce the time to approximately 2 years. The

example of course is simplified and does not consider interest on investments, inflation or tax

credits, which would also be considered in an economic evaluation. Larger plants return the

initial investment quicker (12-18 months), since given the same reduction percentage, they have

more welds in their current ASME Section XI program to be reduced from examination, as

demonstrated in the Millstone-3 reference plant study.

Both the Northeast Utilities and Virginia Power cost-benefit studies show that the risk-

informed ISI methodology described in this WOG Topical Report provides an opportunity for

nuclear utilities to reduce cost while maintaining high levels of safety. The decision to

implement such a program should be made with the knowledge that the process involves a

significant technical and economic investment.
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4.5 IMPLEMENTATION AND PROGRAM MONITORING

This subsection provides program requirements and recommendations for the activities

associated with implementation, monitoring and corrective action descriptions necessary to

support a RI-ISI program.

4.5.1 Implementation

The implementation of a RI-ISI program for piping should be initiated at the start of a plant's

10-year inservice inspection interval consistent with the requirements of the ASME Code

Section XI, Edition and Addenda committed to by an Owner in accordance with 10 CFR 50.55a.

However, implementation may begin at any point in an existing interval as long as the

examinations are scheduled and distributed to be consistent with these requirements and those

of this section. The requirements for these intervals are contained in ASME Section XI under

IWA-2000 as they apply to Inspection Program B. Documentation of program updates shall be

kept and maintained by the Owner on site for audit. Changes arising from the program

updates should be evaluated using the change mechanisms described in existing applicable

regulations (e.g., 1OCFR50.55a, 10CFR50.59, and 1OCFR50 Appendix B) to determine if the

change to the RI-ISI program should be reported to the NRC. Each 10-year inspection interval

is subdivided into inspection periods which end at 3, 7, and 10 years of plant service within

each interval. Variations in these inspection program intervals and periods by plus or minus

1 year are allowed under ASME Section XI based on refueling outage situations and may be

employed by an Owner who implements a RI-ISI program. These same basic RI-ISI program

interval and period requirements shall also be used by Owners who choose to perform on-line

NDE, but special considerations may have to be taken in regards to program updates during

the performance of corrective actions that result from these examinations. When on-line NDE is

performed as part of a RI-ISI program, it is the Owner's responsibility to address the special

considerations that may require exceptions to the requirements of ASME Section XI or those in

this section.
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4.5.2 Program Monitoring

RI-ISI programs are living programs and should be monitored continuously. Monitoring of

these programs encompasses many facets of feedback or corrective action which includes

periodic updates based on inputs and changes resulting from plant design features, plant

procedures, equipment performance, examination results, and individual plant and industry

failure information. Once the Feedback Process Loop is completed as shown in Figure 4.5-1, all

the information is fed back into the Overall Risk-Informed ISI Process of Figure 3.1-2. The

periodic update is performed by evaluating the information from the Feedback Process Loop

for its applicability to each step in the Overall Risk-Informed ISI Process and begins at the

Scope/System and Segment Definition block and ends at the Implement Program block.

Changes should be evaluated to determine if the change should be reported to the NRC.

Since the Probabilistic Safety Assessment (PSA) used in the development of any RI-ISI program

is a state of knowledge at the time of implementation, any significant changes in these

parameters that effect the total plant's Core Damage Frequency (CDF) or Large Early Release

Frequency (LERF) by a critical factor should be considered, when identified, as expeditiously as

possible. Plant administrative procedures should be in place to input these changes into the

PSA and incorporate any relevant results into the RI-ISI program outside of any periodic

updates. These expedited program updates should be performed to address significant PSA

changes or the occurrence of significant plant events. Significant plant events may include such

events as pipe ruptures, earthquakes, or severe operational transients.

Periodic Updates. Updates to a RI-ISI program are performed at least on a period basis to

coincide with the inspection program requirements contained in ASME Section XI under

Inspection Program B. These updates are required following the completion of all

scheduled examinations in each inspection period.

Plant Design Feature Changes. As plant design changes are implemented, changes to the

inputs associated with RI-ISI program segment definition and element selections may

occur. It is important to address these changes to the inputs used in any engineering

assessment or Structural Reliability/Risk Assessment (SRRA) model that may effect

resultant failure probabilities in terms of pipe leakage, disabling leakage or full rupture
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events during RI-ISI program periodic updates. Some examples of these inputs would

include the following:

- Material and Configuration Changes

- Welding Techniques/Procedures

- Construction and Preservice Examination Results and

- Stress Data (Operating Modes, Pressure, and Temperature Changes)

In addition, plant design changes could result in significant changes to a plant's CDF or LERF,

which in turn could result in a change in consequence for a system's piping segments.

* Plant Procedure Changes. Changes to plant procedures that affect system operating

parameters or the ability of plant operations personnel to perform actions associated

with accident mitigation should be included for review in any RI-ISI program periodic

update. Additionally, changes in these procedures which affect component test

intervals, valve lineups, or operational modes of equipment shall also be assessed for

their impact on changes in postulated failure mechanism initiation or CDF/LERF

contribution.

* Equipment Performance Changes. Equipment performance changes should be reviewed

with system engineers and maintenance personnel to ensure that changes in

performance parameters such as valve leakage, increased pump testing or identification

of vibration problems is included in the evaluation of the RI-ISI program periodic

update. Specific attention should be paid to these conditions if not previously assessed

in the qualitative inputs to the element selections of the RI-ISI program.

* Examination Results. When scheduled RI-ISI program NDE examinations and system

pressure tests (Refer to 4.3) are completed with corresponding VT-2 visual examinations

for leakage, and flaws or indications of leakage are identified, the existence of these

conditions should be evaluated as part of the RI-ISI program periodic update.

Current ASME Section XI ISI examination reporting requirements do not contain provisions for

reporting examination results of ASME Code Class 3 items nor do they address HSS or HSS

Non-Code Class items that could be included in a RI-ISI program. In order to compensate for
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these deficiencies in the current requirements, it is recommended that Owners use Code

Case N-532 Alternative Requirements to Repair and Replacement Documentation

Requirements and Inservice Summary Report Preparation and Submission as Required by

IWA-4000 and IWA-6000 Section XI Division 1 with the supplemental requirements contained

in this section.

Code Case N-532 provides for reporting examination and pressure test results on a periodic

basis for all ASME Code Class 1, 2, and 3 items consistent with the periodic updates described

in this section. When using Code Case N-532 RI-ISI results would be documented on an

OWNER'S ACTIVITY REPORT FORM OAR-1 which includes the Abstract Tables contained in

the Code Case. Figure 4.5-2 shows a sample Form OAR-1 with these Abstract Tables. Owners

should be aware that Code Case N-532 is not generically approved for use by the NRC, but that

it has been approved on a plant specific basis and is available to the industry subject to NRC

approval. After receiving NRC approval to use Code Case N-532 for a RI-ISI program the

following should apply:

A Form OAR-1 per N-532 shall be prepared and certified upon completion of all examinations

and system pressure tests each refueling outage. All Form OAR-is prepared during an

inspection period shall be submitted to the NRC following the end of the inspection period.

The following tables are part of each Form OAR-1.

N-532, Table 1 - Abstract of examinations and tests shall include all HSS piping items examined

by NDE and HSS and LSS system pressure tests performed in accordance with requirements of

a RI-ISI program regardless of ASME Code Classification.

N-532, Table 2 - Items with flaws that required evaluation for continued service shall include

all HSS piping items subject to NDE in accordance with a RI-El program. ASME Section XI

requires that analytical evaluation of ASME Code Class 1 and 2 examination results be

submitted to the regulatory authority having jurisdiction at the plant site in accordance with

IWB-3134(b) and IWC-3125(b). It is recommended that for a RI-ISI program analytical

evaluations be submitted to the NRC for review prior to returning the component or system to

service. Requirements for analytical evaluation submittals shall be applicable to all HSS piping

items subject to NDE regardless of ASME Code Classification. When acceptance criteria for

ASME Code Class 3 and HSS Non-Code Class piping items does not exist in ASME Section XI,

the Owner shall use the provisions of IWA-3100(b) or any applicable acceptance criteria

contained in the Owner's CLB.
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FORM OAR-1 OWNEWS ACTIVrTY REPORT
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eft.", god Ad4ete of 0QWI
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Co n IntVspection iflhUw

Cutrd hoectim, p�
(to. 2d. 3d

A00,Edition artd Addenda of Section X3 apolicabe to the liistecttOn

Date end revision crf Iflsbctlifl clan -1111h

4

*Riapoftn pion
Editn end Addaede of Section XC aplmb4e To ropefr" end r*PUC

A

4

CERTIFIC A^NCIE
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reoameyermots. ampalmetons. end correcti,, I

to carr"Lt and that rhe evntiritflwim least. repalme

hi.s report Coeform to the requl~ma"rst or Section. 30.

Contracati of Athmorizaao N ._f. - E~lrptlri O.M.

Date
o*I, Do_,ee. TlV

L
- -. o.; .

-C vTWIATE 01 'I. s PECTICON
1. the understgned. N~o CO1 cornmavl ,on Hkjad tr. . B oard ot Soiler and fesasurs Via~eI Inspectors send

ttho State or Proyfrnce of_________ and 09Nmpov- ~ - _______ll___________One______ of

described in Uhls Owner's Aztivty PlepoMt durkV th. pero - to end state that

to Vne, beet of my knowle0" and lbel. the COwne hog p.$omnsd all actxivil, representted by Odta reorta In accordanc w.4th the
teouirerwrra of Section XI.

&0y ftningt thim cooUtcats nelmer tie Inspe.ctor nor his crmloveor makets anyl warranty. mavressed or implied. conceening VWe

emaw~ietons. test.. rapeirs. replacoemms. gvahamiona anid correctve nteasur~e deecuibed IN. report. Fu.rthermore. nether the

Irksoector nor " employer show be gaisle In, any marine, kow any personal jinjury of properly demnege or a Io," 0f any, kInd arising

from or connbected WIth thith inspection.

1haeades1 Se.,we A6.ft.4 loSd. S..,.. Pine. .n In.aee

Dam.

This form fE0127) ineybe obtain~ed horn the Order Dpv.. S&f. 22 LawDrive.Sow 2300. Felimfld. NJ 07007.2300

Figure 4.5-2 Sample Form OAR-1 with Abstract Tables 1, 2, and 3
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TABLE 1
ABSTRACT OF EXAMINATIONS AND TESTS

TABLE 2
ITEMS WITH FLAWS OR RELEVANT CONDITIONS THAT

REQUIRED EVALUATION FOR CONTINUED SERVICE

Flaw Flaw or Relevnt Condition Fovmd
Examiaution Item I tem Cha ractriZatIO During Scheduled Sedion XI

Category Nunber Description (1WA-3300) Examinatlon or Test (Yes or No)

TABLE 3
ABSTRACT OF REPAIRS, REPLACEMENTS, OR CORRECTIVE MEASURES

REQUIRED FOR CONTINUED SERVICE

Flaw or ReLevant
Con~tion Found

Repair, During S&heduled
Repbc Section XI Repairl

Code or Coaelite Iten Description Exwlnatlon or Date Replacement
Class Measure Descriptlor of Work Test (Yes/No) Complete Plan Number

Figure 4.5-2 (cont.) Sample Form OAR-1 with Abstract Tables 1, 2, and 3
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N-532, Table 3 - Abstract of repairs, replacements, or corrective measures required for

continued service shall include all HSS piping items subject to NDE or HSS and LSS items

subject to system pressure tests in a RI-ISI Program regardless of ASME Code Classification. A

repair or replacement plan and corresponding Form NIS-2A Repair/Replacement Certification

Record is not required for HSS or LSS Non-Code Class piping items. Repairs or replacements

performed on HSS or LSS Non-Code Class piping items shall be performed in accordance with

the Owner's CLB.

Reporting requirements for examination results are shown in Figure 4.5-3.

* Individual Plant and Industry Failure Information. Review of individual plant maintenance

activities associated with repairs or replacements that are or are not the result of RI-ISI

program examinations, including identified flaw evaluations, is an important part of

any RI-ISI program periodic update. Evaluating this information as it relates to an

Owner's plant provides failure information and trending information that may have a

profound effect on the element locations currently being examined under a RI-ISI

program. When this review is coupled with industry failure information, a complete

update results. Industry failure data is just as important to the overall program as the

Owner's information. During the RI-ISI program periodic update individual plant

failure information and industry data bases such as the Electric Power Research Institute

(EPRI) data base and technical report titled Piping Failures in United States Nuclear

Power Plants: 1961 - 1997, presently in draft format at the time of this report, and the

Nuclear Performance and Reliability Data System/Equipment Performance and

Information Exchange NPRDS/EPDC data base should be reviewed for applicability to

the Owner's RI-ISI program.

4.5.3 Use of Corrective Action Programs

Each Owner of a nuclear power plant is responsible to have a corrective action program under

the provisions of 10 CFR 50, Appendix B as follows:

"Measures shall be established to assure that conditions adverse to quality, such as failures,

malfunctions, deficiencies, deviations, defective material and equipment, and nonconformances
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EXAMINATIONS & PRESSURE TESTS
(Complete Per Refueling Outage

RI-ISI Program Requirements)

SUBMIT ALL ANALYTICAL FLAW
EVALUATIONS TO NRC

(Recommended Submittal Prior To Returning
A System Or Component To Service)

COMPLETE A FORM OAR-1
(With Table Information Required

After Each Refueling Outage)

SUBMIT COMPLETED FORM OAR-1s
(With Table Information Required
To The NRC Following The End

Of Each Inspection Period)

Figure 4.5-3 Reporting Requirements for Examination Results
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are promptly identified and corrected. In the case of significant conditions adverse to quality,

the measures shall assure that the cause of the condition is determined and corrective action

taken to preclude repetition. The identification of the significant condition adverse to quality,

the cause of the condition, and the corrective action shall be documented and reported to

appropriate levels of management."

In relation to a RI-ISI program for piping, the following process may be used to meet the intent

of 10 CFR 50, Appendix B. Figure 4.5-4 is an example of how a unacceptable flaw, one that has

been determined unacceptable through evaluation of examination results and subsequent

ASME Section XI analytical evaluation, should be addressed in an acceptable corrective action

program using attributes described in this subsection.

* Identify. Through the inspection location selection process established under a R-ISI

program, structural element examinations and system pressure tests performed should

identify those conditions that would be adverse to quality in relation to identifying

precursors to potential or actual leaks, disabling leaks, or pipe ruptures.

* Characterize. Depending on the timing of the condition identification and operational

mode of the plant, (this may be a more critical situation when on-line NDE is

performed) the first issues to be addressed are:

- the effects on operability of safety-related systems, structures, or components;

- if regulatory reporting is required (10 CFR 50.72 and 50.73); or

- the condition results in an immediate plant/personnel safety or operational

impact.

If the answer to any of these three considerations is "yes, then the plant's management must be

immediately notified through plant established procedures.

* Evaluate. Evaluation has two parts: 1) determine the cause and extent of the condition

identified, and 2) develop a corrective action plan or plans. Additional examinations

shall be considered an acceptable method in providing this cause and extent

determination. Under a RI-ISI program, extensive quantitative and qualitative insights
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1. IDENTIFY
Examination results and Analytical Evaluation conclude
an unacceptable flaw is found during a scheduled NDE

(Acceptance Criteria ASME Section Xl or CLB)

2. CHARACTERIZE
(a) Perform an operability evaluation;

(b) Determine If regulatory reporting is required (10 CFR 50.72 or 50.73): and
(c) Assess if an immediate plant/personnel safety or operational impact exists

(Yes or No Answers)

3. EVALUATE
(a) Determine the cause and extent of the condition and

(b) Develop a Corrective Action Plan
(Additional Examinations Performed No other Flaws Found)

(Plan to Replace the Weld)

I&t
4. DECIDE

Make a decision to implement the plan (No)
(Yes or No)

5. IMPLEMENT
Complete the work necessary to

correct the problem and prevent recurrence
(Replace the Weld)

(Perform Preservice NDE)
(Update the Program)

la

6. VERIFY
Verify the RI-ISI program has been updated

based on the completed corrective action
(Audit the Program)

-a.

7. TREND
Look at other corrective actions

to see if the problem has really been fixed
(Look at All Examination Results on a Period Basis) I

K

Figure 4.5-4 Corrective Action Program Example
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have been used to identify postulated failure modes and elements to be examined.

Performance of examinations on selected elements have been grouped into regions of

High and Low failure importance and safety significance. These groupings provide

the basis for additional examinations to be performed to determine the cause and extent

of the condition identified. Acceptable sampling schemes such as those required in

ASME Section XI under IWB-2430 shall be used. These additional examinations may be

limited by piping segment, materials, service conditions, and failure modes already

established in the RI-ISI program. Alternatively, due to the available information used

in a RI-ISI program, an engineering evaluation may be used as a substitute for

additional examinations to determine the cause and extent of the condition identified. If

the engineering evaluation concludes that additional elements are not subjected to the

same root cause or that no degradation mechanism exists (such as insignificant

indications or conditions that have existed since original fabrication) then no additional

examinations may be necessary.

Once the true extent of the condition has been identified and documented by an Owner,

then a corrective action plan shall be developed. The plan could include repair,

replacement, or monitoring of the condition identified depending on its safety

significance. Several options of corrective action may be available to an Owner, but in

all cases, needed success criteria must be defined and documented with the corrective

action plan. These success criteria include the measurable attributes needed to evaluate

the effectiveness of the corrective action in the prevention of a reoccurrence of the

identified condition. The success criteria may be as simple as implementation of new

element selections based on the new failure information during the next scheduled

periodic update of the RI-ISI program and then performance of the examinations to

prove that the issue has been corrected. Conversely, this criteria may require a plant

design change depending on the condition identified and possible scheduled

replacements might have to implemented on a routine basis to prevent the condition

from reoccurring.

Decide. A decision should be made by appropriate levels of management on the

Owner's implementation of any corrective action plan. Agreement on the adequacy of

the success criteria should be reached among the personnel involved and resources
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allocated to implement the plan. Cost will inevitably play a part in the decision process,

but it is more important to fix the problem correctly the first time so as to avoid

recurrence in the future.

Implement. Complete the work necessary to both correct the problem and prevent

recurrence. In the case of a RI-ISI program, successive examinations may be one way to

measure the effectiveness of the corrective action. For example, an Owner could follow

the requirements for successive examinations as described in ASME Section XI,

IWB-2420. These requirements could be used when flaws or conditions have been

accepted by analytical evaluation and measurement of potential service related

degradation is essential to avoiding a future failure of a piping structural element.

* Verify. The first item that must be verified is whether or not the planned corrective

action was implemented. Management should do this as part of their normal daily

work activities. In a RI-ISI program this may be as simple as having administrative

procedures in place to ensure that the program has been updated as a result of the

corrective action plan and checks of the examination data to ensure that the

examinations are being performed as scheduled in the program.

Once it has been determined that corrective actions have been implemented, the

planned actions to verify that the desired results are obtained should be conducted.

This is done by measuring the success criteria at regularly scheduled intervals in

accordance with the corrective action plan. This measurement may indicate that based

on the success criteria, the problem was not fixed or only partially fixed. Additional

corrective action plans may have to be developed and implemented if this situation

occurs.

* Trend. The purpose of trending is to identify conditions that are significant based not

only on individual issues, but on accumulation of similar issues. Even issues assigned

low significance may be deemed of greater significance if there is an increasing number

of similar issues. During the RI-ISI program periodic updates a review of occurrences

which required corrective actions should be performed by the plant expert panel or the

plant ISI subpanel review team to determine if these insights should result in any

additional or new examination location changes within the program.
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SECTION 5

PLANT-SPECIFIC APPLICATION PROCESS

This section provides the framework for applying the risk-informed methods to a specific plant

for piping inservice inspection. The tasks required to develop a comprehensive risk-informed

inservice inspection program for piping are provided below. The tasks are:

* Scope Definition

* Segment Definition

* Consequence Evaluation

* Failure Probability Estimation

* Risk Evaluation

* Expert Panel Categorization

* Structural Element Selection

Inspection Requirements

Implement Program

* Feedback Loop

Figure 5-1 shows the process. Each task is summarized in the sections below.

Figure 5-2 identifies the skills necessary for a successful program.

5.1 SCOPE DEFINITION

The fluid systems contained in the plant, modeled in the PSA and considered as part of the

Maintenance Rule, are identified and compared with the current classifications and required ISI

examinations, and with the stress analysis. This review, along with other plant documentation,

is used to determine which systems/dasses, or portions of systems/classes, should be

evaluated as part of the risk-informed ISI process. Given that system boundaries involve

system functions and may also involve interfaces between different types of systems, the

definition of these boundaries requires a careful, logical approach. All interfaces must be

identified to ensure that there is consistency between the defined boundaries, when viewed

from the systems on either side of each boundary, and that no safety functions are overlooked.

o:\4393\VersionA\4393-S.doclb-020599 237



0

w'0

'0

10

m

V.
C

m~1.

Cf

To

a:C
0

0

(A

v')
C
X3
uS

11



9

t,

~l

nw

*0

A.

n :

0 D

a 0

pi'

7' 4.

0

~en
m

u~ok

Dan

W
en'
W.

ok-

V
Uv
IDn

td
a
r_.
0
D



5.2 SEGMENT DEFINITION

This task involves the development of piping segments for the process. A piping segment is

defined as a portion if piping for which a failure at any point in the segment results in the same

consequence (e.g., loss of a system, loss of a pump train, etc.) and includes piping structural

elements between major discontinuities such as pumps and valves.

5.3 CONSEQUENCE EVALUATION

The consequences given the failure of a piping segment are identified through PSA insights,

engineering evaluations and plant design and operations. Consequences that must be

considered include both direct effects (failure of a train in which the piping segment is

contained) and indirect effects (such as those due to flooding, pipe whip, or jet impingement).

5.4 FAILURE PROBABILITY ESTIMATION

The overall process of identifying potential failure modes, selecting locations and calculating

failure probabilities proceeds by system, and includes preliminary activities for the system as a

whole, and detailed assessments and data gathering for each segment. This includes the

following steps:

* Gather design basis information

* Review industry experience

Discuss system operations with system engineer and gain further insights into any

potential piping problems

Determine likely failure mode(s)

* Select candidate location(s)

* Gather detailed data for probability of failure analysis
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Calculate probabilities of failure

0 Document locations and probabilities

5.5 RISK EVALUATION

This task is to identify and categorize the components (or pipe segments). The approach

calculates the relative importance for each component within the systems of interest. This risk-

importance is based on the frequency of core damage (or LERF, if available) resulting from the

structural failure of the component in a given segment and the total piping pressure boundary

core damage frequency (and LERF, if available). The results are then used to calculate the risk-

importance for each segment within the system.

The following outlines the steps of the process:

Apply PSA to calculate piping pressure boundary core damage frequency (and LERF,

if available)

- Identify impact on PSA model (using EPRI PSA Applications Guide)

- Identify surrogate component

- Obtain conditional core damage frequency/probability (LERF)

- Integrate pressure boundary failure probability/rate

- Calculate segment piping pressure boundary core damage frequency (and LERF)

- Calculate total piping pressure boundary core damage frequency (and LERF)

Calculate importance measures

- Calculate segment Risk Reduction Worth importance measure

- Calculate segment Risk Achievement Worth measure

Evaluate important PSA and failure probability factors through sensitivity studies and

uncertainty studies, as appropriate
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5.6 EXPERT PANEL CATEGORIZATION

An expert panel (such as the expert panel used for the Maintenance Rule) evaluates the risk-

informed results and makes a final review to determine the high safety-significant pipe

segments for ISI using the guidance in Section 3.6.3. The expert panel should:

* Consider the PSA and failure probability information and associated uncertainties

* Consider other deterministic considerations

- Shutdown risk evaluation

- External events evaluation

- Other accident scenarios

- Component operating history

- Plant operation and maintenance insights

- Design basis analysis

- Other deterministic insights

* Conduct expert panel sessions and document results

5.7 STRUCTURAL ELEMENT SELECTION

The selection of inspection locations within each high safety-significant pipe segment is

obtained by further review by a subpanel, comprised of materials, ISI and NDE expertise, using

the following steps.

* Identify where the segment falls on the structural element matrix.

* Determine the number of inspections required in each segment using the statistical

model, if appropriate.

* Verify that the locations with the highest failure potential within a segment are

identified for examination.

* Document the results and present to the full expert panel for final review and approval.
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The output of this process defines the structural elements selected and the associated

examination method and frequency for inspection.

5.8 INSPECTION REQUIREMENTS

The inspection requirements defined in Section 4 should be consulted to define the type of

inspection to be performed on the structural elements.

5.9 IMPLEMENTATION, MONITORING AND FEEDBACK

The implementation, monitoring and feedback is discussed in detail in Section 4 and

summarized below.

Implementation

Once the risk-informed process is completed, the inspection program can be implemented. The

required examinations are scheduled over the 10 year inspection interval in periods. If, during

the interval, a reevaluation of the risk-informed process is conducted and scheduled items are

no longer required, the items may be eliminated. If items are identified for inclusion in the

program, the items should be added and distributed across the remaining periods in the

interval. Each subsequent 10 year interval should include, as a minimum, a reevaluation of the

risk-informed process.

For examinations that reveal flaws or relevant conditions exceeding ASME acceptance

standards, additional examinations should be conducted. The additional examinations should

include the same type of piping structural element(s) with the same postulated failure mode(s).

If piping structural elements are accepted for continued service, the areas containing flaws or

relevant conditions should be reexamined during the next three inspection periods. If the

reexanLinations reveal that flaws or relevant conditions remain essentially unchanged for three

successive inspection periods, the piping examination schedule may revert to the original

schedule.

The examination qualification and methods requirements and personnel qualification

requirements should be the same as under the plant's current inservice inspection program.
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Feedback

The risk-informed inservice inspection program should be reevaluated periodically as new

information becomes available. Such information may result for example from changes to the

PSA, from inspection results, from new failure modes experienced by the industry, from

replacement activities, from repair activities, or plant design or operational changes. The effect

of the new information on the risk-informed process should be determined. Each phase of the

risk-informed process should be reevaluated to determine where the new information impacts

the process and/or the results. The new information should be included at the appropriate

level of the analysis (consequence evaluation, failure probability estimation, etc.) and the

analysis should be conducted to identify the changes to the risk-informed inspection program.

5.10 DOCUMENTATION

Each major step of the risk-informed ISI process should be documented for future use in

retrievable files. Below is a list of information that may be included by an individual utility in

their RI-ISI submittal to NRC. A list of information to be retained onsite for retrieval and

potential NRC audit is also provided. The information to be retained is summarized in the

previous sub-sections.

Proposed NRC Submittal Contents

* Current Inspection Code

* List of changes to licensing basis (relief requests, FSAR, etc.)

* Process followed (compliance with WCAP, Code Case and note exceptions to

methodology)

* Justification for statement that PRA is of sufficient quality

* Summary of results of each step of the process, including summary of risk impact

* How meet RG principles

RI-ISI Program Plan (summary of changes from current program such as shown in

Table 4.4-2)
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Summary of any augmented inspections that would be impacted

Performance monitoring/feedback/corrective action program changes/commitments

* Future reporting to NRC

Retrievable Onsite Documentation for Potential NRC Audit

* Scope Definition

* Segment definition

Failure probability assessment

Consequence evaluation

PSA Model Runs for program

* Risk evaluation

* Structural element/NDE selection

* Change in risk calculations

* PRA Quality review

* Continual assessment forms as program changes based on inspection results, etc.

* ASME Code required documentation (including inspection personnel qualification,

inspection results and flaw evaluations)
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SECTION 6

SUMMARY AND CONCLUSIONS

6.1 REPORT SUMMARY AND RELATIONSHIP TO NRC RG-1.174

The risk-informed ISI process for piping is described in Sections 3 and 4. An earlier version of

the above process had been applied to Millstone Unit 3, a plant designed to ASME Section III

requirements, as a reference plant study and this work was reported in the original version of

this Topical Report. The process has since been enhanced through benchmarking efforts in a

WOG pilot application at Surry Unit 1, a pre-ASME Section HI plant design, as reported in this

revision of the Topical Report. While the process has been significantly enhanced to meet NRC

regulatory guidance on use of probabilistic risk assessment to improve safety decisionmaking,

both of these plant application studies yield consistent results.

This process meets the intent of the framework developed by the NRC and key steps and

principles of the general regulatory guide and standard review plan (RG-1.174) as described in

Sections 1.4 and 6.2.

6.2 SUMMARY OF RESULTS

After application of the risk evaluation process, including plant expert panel review, 96 pipe

segments were shown to be high safety-significant at Millstone-3 and 117 pipe segments are

shown to be in this category for Surry-1. In comparing the recommended piping structural

elements to be inspected by non-destructive examination (NDE) in the risk-informed ISI

program to the current ASME Section XI locations, a greater portion of the risk associated with

piping pressure boundary failures can be addressed with the risk-informed program with far

fewer examinations being required. At Millstone-3, the risk-informed program recommends

107 NDE examinations versus 753 ASME Section XI required exams, and for Surry-1, 137 NDE

exams are suggested versus the 385 required by the ASME Code. Both studies show that

examinations can be significantly reduced within the reactor coolant system, and examinations

should be reallocated and added to other Class 2 and Class 3 systems, such as service water,

auxiliary feedwater, and a few other systems based on the specific plant design. At Surry-1,

12 NDE exams are even recommended in the non-Code class portions of three systems. A
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significant reduction in radiation exposure is also shown for both units with approximately

60-75 REM being saved each 10-year inspection interval.

This significant reduction in the number of examinations can be achieved while showing a risk

reduction in total piping pressure boundary risk in terms of both core damage frequency and

large, early release frequency, as demonstrated in detailed calculations performed for Surry-1.

Even considering the impact of potential operator actions to recover from piping failure events

does not change this positive result. In order to meet defense-in-depth principles and to

maintain sufficient safety margins, some current reactor coolant loop piping examinations are

kept in place and additional examinations are recommended in 10 low safety-significant

segments at Surry-1 to maintain a risk neutral position in the front-line systems, such as

containment spray and low head/high head safety injection, and in systems that are dominant

contributors to the total piping pressure boundary risk. A statistical model has also been

developed and applied to define the minimum number of locations to be examined to insure

that an acceptable level of reliability is achieved, consistent with current industry experience,

throughout the key piping segments of interest.

Consideration of the key principles, including defense-in-depth and adequate safety margins

and uncertainties, have been considered in the risk-informed ISI process through several

avenues:

Piping segments are categorized into two categories (high and low safety significant)

and thus require less accuracy than a full ranking.

The consequence and risk evaluation consider the most bounding situation in terms of

assuming no operator action to isolate the piping failure. In addition, conservative

assumptions are made to model in the PSA the impact of indirect effects and the piping

failures.

The SRRA model considers uncertainties in inputs by allowing qualitative inputs in

terms of ranges and the process allows for sensitivity studies to be conducted with the

SRRA model.

* The piping CDF and LERF are determined and an attempt is made to maintain at least

an overall risk neutral position.
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* Additional piping inspection locations have been added for defense-in-depth in the

front-line systems and also in systems that are the dominant contributors to the total

piping pressure boundary risk.

* Sensitivity studies, including an uncertainty evaluation, are conducted on key aspects

that impact the risk evaluation.

* The expert panel considered other plant deterministic information and tended to make

decisions based on conservative assumptions.

* Even if the statistical model says that no inspection is required for a given set of high

safety significant segments, a single sample will be inspected to ensure integrity.

* Pressure testing will still be performed for all piping within the scope of the RI-ISI

program.

6.3 CONCLUSIONS

Implementation of risk-informed ISI programs using the process and methods provided in this

WOG Topical Report will yield significant benefits in terms of enhanced safety, reduced

radiation exposure, and reduced cost for nuclear plant piping programs. The studies have been

independently performed for both plant applications and show that risk-informed ISI programs

have the potential to be implemented at a cost that can be returned in one to two years,

depending on the size and age of the unit, following implementation. Given that aging effects

are directly evaluated in the process using a structural reliability/risk assessment tool, use of

this technology for defining aging management programs and the associated inspection of

piping systems as part of license renewal programs could yield additional significant benefits.

While the effort for this application focused on the use of risk-informed methods for the

inservice inspection of piping, several insights have been obtained for possible application to

other equipment. The process described and the steps can be applied to all types of

components, such as vessels, tanks, heat exchangers, snubbers and other equipment addressed

by ASME Section XI.
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Finally, this report has demonstrated that a risk-informed piping ISI process has been created

and can be implemented that satisfies the risk-informed regulation policy promulgated by the

NRC. This includes demonstrated satisfaction of the principle elements of "Risk-Informed,

Plant Specific Decisionmaking" and compliance with the five "Principles of Risk-Informed

Regulation."
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APPENDIX A

PLANT WALKDOWN INFORMATION

The appendix discusses the review of the plant hazards evaluation and the conduct of the plant

walkdown to identify potential indirect effects from piping failure.

PRE-WALKDOWN EVALUATION

Millstone 3

The Millstone 3 Hazards Review Program Summary Sheets were reviewed for systems

interactions due to postulated pipe breaks. The summary sheets examine the effects of spray

wetting, flooding, temperature, pipe whip, jet impingement, rotating machinery, and pressure

boundary ejected missiles. Because the risk-informed inspection program is concerned only

with the effects due to pipe breaks and leaks, the rotating machinery and pressure boundary

missiles evaluations were not reviewed. Note that the pressure boundary missiles are primarily

from valves, which are not part of this program. In addition, Section 3.6 of the Millstone FSAR,

"Protection Against Dynamic Effects Associated with the Postulated Ruptures of Piping," was

reviewed. A summary of the review is provided in Table A-1.

The Hazards Evaluation examined the containrment, the ESF building, the auxiliary building,

the diesel generator building, the fuel building, the circulating and service water pumphouse,

and the hydrogen recombiner building. Because only two cubicles in the circulating and

service water pumphouse were mentioned in the Hazards Evaluation, it was decided to include

the entire purnphouse in the walkdown. The turbine building was also included because the

Hazards Evaluation did not address the building, and because of the amount of the high energy

piping in the building.

Surrv

The Surry analysis evaluated system interactions due to pipe ruptures. The internal flooding

PSA was used in this evaluation to evaluate the potential for flooding and spray. For pipe whip

and jet impingement, Chapter 14, Appendix B, of the Surry UFSAR was used which defined

high energy lines as piping for which the maximum operating pressure exceeds 275 psig and
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Table A-1
HAZARDS REVIEW SUMMARY FOR MILLSTONE 3

Equipment / Pipe
tecm Building Cubicle/Area Segment hIdirect Effects Consequences Walkdown? Shutdown? Comments

I ESF 001,002,021,022 3FWA-004-126-3/128-3 P'ipe Whip I'olential loss of "Ut No No Eval concludes no
electrical division damage

2 ESF 003,004,005 FWA, SWP, CC0, Flooding None No Yes
RliS piping

3 ESF 006,007, 008, 009, Moderate Energy Cracks Temperature/ Potential loss of No No
019,020 Humidity equip (or I RHS or

Sll l Train (same
train/system as
break)

4 ESF 010 QSS-PIA/B Flooding Bounded by No No
12179-PR-1 194

5 ESF 011, 012, Rev. I FWATIB WaterSpray Loss of Train "U" Yes No Check otherequip
Equipment in In cubical
cubicle

6 ESF 011, 012, Rev. 1 FWA'I'IU Jet Impingement Cable trays No Yes Eval concludes no
3TC7520, 3TC7610, damage
TK7520 RHSPI-SA
cooling

7 ESP 013,014 SW & CCW Piping Flooding Bounded by No No
12179-PR-1 157

8 ESP 013,014 3FWA.004-126, -128 Pipe Whip Could cause start of No No
AFW TD pump

9 ESF 015,016,017,018 HVQ'ACUS1 A/B & Water Spray 3EHS'MCC1A4 No Yes Eval. concludes no
HtVQ'SCUS2A/B RH R operation damage

10 ABI 23A, B, E 3CHS-003-8-2 Jet Impingement 3CHS-002-283-2 No Maybe per Letdown line
T.S. damages seal

returmi line

n-\ 4A1\ %V-rs-nA \4%93A 11-Ad1 a-i-pnrwN9 A -,-- - -'t71 - . ...... A 1-.11R 1 .1f-17 A



Table A-1 (cont.)
HAZARDS REVIEW SUMMARY FOR MILLSTONE 3

Equipment / Pipe
Item Building Cubicle/Area Segment Indirect Effects Consequences Walkdown? Shutdown? Comments

11 A13-1 23C, 23D, 24,25 30 SW Flooding Bounded by No No
12179-PR.1071

12 AO-t 23P 30"SW Flooding Bounded by No No
12179-PR.1071

13 AB-I AD26, 27, 28, 89, . . . No piping il risk-
90,9913, 112 informed 11 scope

14 AB-1 33,34,35 CHS piping Flooding Bounded by No No

12179-PR-1071

15 AB-1 29,91 Rev. I . _ No piping in risk-
Informed ISI scope

16 ABI-2 86,87,88 3CCP PIC/A Water Spray Two CCr Trains Yes Yes Check for CCP
pipe shroud

17 AB-2 36 3 CHS Letdown Pipe Whip 6" CCP inlet or No Yes Eval concludes no
Exchaiger Inlet Piping outlet lines damage

3" ClIS Letdown Flooding Bounded by No No
Exchanger Inlet Piping 12179-PR-1071

18 AB-2 38 thru 53,55 ClS piping Pipe Whip None - redundant No No
thru 78 trains it individual

cubicles

3" Cl IS Letdown Flooding Bounded by No No
Exchanger Inlet Piping 12179-PR-1071

19 AB-2 54,79,80,81 CHS piping Pipe Whip Redundant trains in No No
individual cubicles
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Table A-1 (conIt.)
HAZARDS REVIEW SUMMARY FOR MILLSTONE 3

Equipment / Pipe
Item Building Cubicle/Area Scgment indirect Effects Consequences Walkdown? Shutdown? Commenis

20 AU-2 92,93,94 CHS all. mini-flow piping Jet Impingement One service water No No
train

21 AD-2 30,31,32,95,96, . . No piping in risk-
97 informed ISI scope

22 A13-2 98 Rev. I CCI' Piping Flooding Bounded by No Maybe,
12179-I1R-1071 per TS

23 LGE 175 - 181 Rev. I Service Water Flooding Vounded by No Maybe,
12179-PR-1073 per TS
Loss of single
Generalor Train

24 HR 182 - 187 Rev. I No piping in risk-

Informed ISI scope

25 FU 188, 197, 198 SFC, FPW, CCP Piping Flooding Bounded by No No
12179-PR-1038

26 Fb 191 CCP, Fl'W piping Flooding Bounded by No No
12179-PR-1038

27 FU 194 Sl:C pump discharge Waler Spray Bounded by No No
12179-NMS-793-DM

28 FU 195, 196, 200 SFC piping Flooding Bounded by No No
12179-PR-1038

29 CW 201, 202 Rev. I SW Pump Discharge Water Spray Loss ol single Yes Yes
Piping elecirical train

3EJS'USIA due to
spray on
3EI IS'MCCIA5 or
3EHS'MCC1 U5



Table A-1 (cont.)
HAZARDS REVIEW SUMMARY FOR MILLSTONE 3

Equipment / Pipe
Item Building Cubicle/Area Segment Indirect Effects Consequences Walkdown? Shutdown? Comments

30 AB-3 99A SW Piping, 3SWP'P3A Water Spray 3SWPP3A suction No Maybe, SW pumps are
suction or ilscharge or discharge spray per TS drip protected; No

on 3SWPP3B consequential
damage

31 AB-3 99C, 110, 111 ccP piping WaterSpray None No Maybe per
_TS

32 AD-3 99D ClIS piping WalerSpray None No No

33 AB-3 100,118 -121 No piping in risk-
informed ISI scope

34 AB-3 101, 102 CCI piping Water Spray None No No

35 AD-3 103 -109 CCP piping Water Spray None No No

36 AB-3 113*117 CHS, SWP piping WaterSpray, None No No
Flooding _

37 AB-3 Elev. 66 -6" . . I lanirdis addresel
are for lans in

systems outside risk-
infonmed ISI scope

38 CS-I 131A - F, Moderate energy cracks in Flooding Bounded by No No
132A - 11, 138 all piping 12179.NS(B)-249

39 CS-I 133A, 1338, 135, 3RCS-003-171-1 Pipe Whip Conduit damage No Yes Break postulated
142A, 144 resulting in closing to isolate Itself due

letdown and to valve closure
isolatinil valves

40 CS-I 133C, D Rev. I 3-ClIS-0n3.-662-2 jet Impingement Seal Water return No No
line 3-CI 1-002-618-2
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Table A-1 (cont.)
HAZARDS REVIEW SUMMARY FOR MILLSTONE 3

Equipment / Pipe
Item Building Cubicle/Area Segment Indirect Effects Consequences Walkdown? Shutdown? Comments

41 CS-1 134A - F Rev. I 3-CIIS-025-304-2 Jet Imphigement Seal Water return No No Note event
line 3-CHS-002-618-2 description for

UDG line brcaks

42 CS-l 136 Rev. I RCS piping Jet Impingement Bounded by No Yes
12179-NSB-177

43 CS-2 137 Rev. 2 RCS piping P'ipe Whip/Jet Bounded by No Yes
IImpinge. 12179-NSBU177

44 CS-2 139,146 Rev. 2 KCS piping Pipe Whip/Jet Bounded by various No Yes
Impinge. calcs

45 CS-2 140 Rev. 2 RCS Piping Pipe Whip/Jet Bounded by various No Yes
Impinge. caics

46 CS-2 141 Rev. 1 RCS piping Pipe Whip/Jet Bounded by various No Yes
Impinge. calcs

47 CS-2 14213 -1 FWS, MSS, FWA piping Pipe Whip/Jet Bounded by various No Yes
Impinge. calcs

48 CS-2 145A - F, 143,147 Intermediate Break in 30" Axial Jet Loss of conduits No No
MSS line at upstream results in loss of
elbow radiation monitors,

3RMS'RIYO5 &
3RMS'RIY42 and
loss of power to
3RMS'RM42

Intermediate Break in 30" Radial Jet Loss of one MSS line No Yes
MSS line at downstream to FWA TD pump
elbow

A11 14 11 -1 lnn I



the maximum temperaturej euals or exceeds 2007F. Generally, in this analysis, the impact of

ruptures in piping operating at these conditions is evaluated by walking down the areas of

interest.

Initially, the plant was divided into areas corresponding to the fire areas defined within the

plants IOCFR50 Appendix R report. The following areas were reviewed for indirect effects.

* Auxiliary Building

* Main Steam Valve House And Safeguards Area

* Service Building

* Mechanical Equipment Room No. 4 (Charging Pump/SW Pump Room)

* Containment

* Turbine Building

* Mechanical Equipment Room #5

* Emergency Service Water Room

An example of the documentation is provided in Table A-2. It concludes that the component

cooling pumps and the charging pumps would be lost if no action was taken to isolate the

ruptured line.

WALKDOWN

Millstone 3

The Millstone 3 walkdown was performed and included members from the PRA, piping, and

operations groups at Northeast Utilities, and members of risk and structural reliability groups

at Westinghouse. The walkdown covered the specific areas listed in Table A-1 in the ESF

building and the auxiliary building. The walkdown also included all of the circulating and

service water pumphouse and the turbine building. Two of the walkdown worksheets

documenting the information gathered are presented in Tables A-3 and A-4.
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Table A-2
SURRY HAZARD REVIEW SUMMARY FOR THE AUXILIARY BUILDING

IBuilding/ Equipment/ Walkdownl/
lItem Area Segment Indirect Effect Consequences Shutdown Comments

I Al/17-A Low head to high head Flooding & Spray 1. Loss of CII pump IA, if Yes/No During normal operation these headers
recirc. lines isolated are Isolated. CC pumps are located In the

2. Loss of CC and Cl I pumps gneral area of the A (17-A)
1jot isolated

2 AU/17-4A Charging pumps & Flooding & Spray Same as item 1. Yes/No See comment for item I
RWST supply lines

3 AU/17-1B Low head to high head Flooding & Spray 1. Loss of ClI pump if Yes/No See comment for item I
recirc. lines isolated

2. Loss of CC and ClIp pumps if

|not isolated

4 A13/17-11 Charging pumps & Flooding & Spray Same as item 3 Yes/No See comment for item I
|RWSTstlpply lines

5 AIJ/17-1C Low head to high head Flooding & Spray 1. Loss of Cl I pump IC pump Yes/No See comment for item I
recire. lines if isolated

2. Loss of CC and CH pumps if

|not isolated

6 AU/17-IC Charging pumps & Flooding & Same as item5. Yes/No The RWST isolation valves are located
RWST supply lihes Spray/Jet in this area. CC pumps are located in

Impingement area 17-AD

7 AU/17-AB Fire Protection lines Flooding & Spray 1. None if flooding is Yes/No Water spray does not have the potential
terminated to disable more thtan one CC pump due

to the small size of the fire protection
2. Loss of CC and Cl Ipumps ifheader and relative location of tie pipes
lflooding is not terminated and CC pumps

. . - .- .. I .. .....I-
h



Table A-2 (cont.)
SURRY HAZARD REVIEW SUMMARY FOR THE AUXILIARY BUILDING

Building/ Equipment/ Walkdown/
Item Area Segment Indirect Effect Consequences Shutdown Comments

8 AB/17-A1 Charging pumps & Flooding & 1. None if flooding is Yes/No See Comment for item 7.
IWST supply lines Spray/Jel terminated

impingement 2. Loss of CC and CH pumps if

flooding is not terminated

9 AB/17-Ai 4 -SLPD-50 and 6"fSA-21 Spray IA and I B CC pumps Yes/Yes

10 AB/17-AB 4-S[.PD-50 Jet impingement IA/D/C CC pumps and Yes/Yes This Is a conservative estimate
IC Charging pump

I1 AD/17-AB 3"-WGCB-3-601 Pipe Rupture2"*C11-90-1503 Yes/Yes Postulated break is in the horizontal nin
Whip shown on FP-206AE Sec. 9-9 just to the

right of column line TN-5.

12 AD/17-AD 3"-WGCD-1-601 Pipe Rupture Z -Cii-8-1503 Yes/Yes Postulated break Is In the horizontal run
Whip shown on FP-206A quadrant r4 and

detachedl plan A.

13 AD/17-AD 3"-WGCB1-2-601 Pipe Rupture3"-CC-74-151 and Yes/Yes Postulated break is in the vertical run
Whip 2-ACC-73-21 n shown on FP-206AD.

o:\4393\VersionA\4393-AI .doclb*020599 
A-9

o:\4393\VersloniA\4393-AIl.doclb-020599 A-9



Table A-3
MILLSTONE 3 RISK-INFORMED INSPECTION

INDIRECT EFFECTS WALKDOWN WORKSHEET

Item #: 5 Building: ESF

Cubicle/Area: 011 Elevation: 21" - 6"

Indirect Effect of Concern: Loss of Train A equipment due to any pipe rupture in area (aux.

feedwater suction or discharge piping), including a CCP pipe.

Components/Equipment in Cubicle/Area

Needed for
Comp. Safe Support

System Type Tag No. Train Shutdown? System?

FWA Pump 3FWA*P1A A Y N

FWA Valve 3FWA*HV31DV A Y N

FWA Valve 3FWA*HV31A' A Y N

FWA Valve 3FWA*V4 2  A Y N

FWA Valve 3FWA*AV61AS A Y N

FWA Valve 3FWA*AV2WA3  A Y N

FWA Valve 3FWA*HV31CB4  B Y N

FWA Valve 3FWA*HV31C4  B Y N

FWA Valve 3FWA*AV62BJ B Y N

1. Located at far side of room from unisolable break
2. Near pump
3. Located at postulated break location
4. Located at far end of room away pump and postulated break

Comments

Cable tray numbers listed in Hazards Evaluation did not match those marked on the overhead trays in the
room. Additional checks needed.

Conclusions

Apparent discrepancy with cable tray identifiers noted. Hazards Evaluation concludes pipe break will
not target cable trays, but should further investigate effects of losing cable tray. No additional interactions
found. Train B valves located away from postulated break locations. Pipe break will only affect FWA
Train A. Need to consider the CCP interaction for inclusion in the segments analyzed.
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Table A4
MILLSTONE 3 RISK-INFORMED INSPECTION

INDIRECT EFFECTS WALKDOWN WORKSHEET

Item #: N/A Building: Turbine

Cubicle/Area: Elevation: 14'- 6"

Indirect Effect of Concern:

Components/Equipment in Cubicle/Area

Needed for Safe Support
System Comp. Type Tag No. Train Shutdown? System?

1AS Compressor 3IAS-ClA N Y

AS Compressor 31AS-CIB - N Y

SAS Compressor 3SAS-Cl N Y

Comments

The three compressors are located side by side near the condensate pump discharge header. A

break in the header could potentially fail all three compressors which would cause a reactor

trip.

Conclusions

Needs to be considered along with other possible breaks in turbine building.
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Surrv

The Surry walkdown was performed and included members from the PRA, ISI, structural

mechanics and operations groups at Virginia Power and members of the PRA and piping

groups at Westinghouse. The walkdown covered the specific areas identified below:

Main Steam Valve House

* Charging Pump Cubicles

* Service Building

* Turbine Building

* Aux Building Near Elevator and Boric Acid Storage Tanks

An example of the walkdown worksheets documenting the information gathered is shown in

Table A-5.

The summary of the indirect effects identified for Surry is provided in section 3.4.2.

INSIGHTS FROM THE WALKDOWN FOR MILLSTONE 3

The following summarizes the insights from the Millstone 3 plant walkdown for the various

areas investigated.

Auxiliary Feedwater Svstem

There were numerous valves near the discharge of the motor auxiliary feedwater pump. An

AFW piping failure could disable some of these valves, but the effect would still be a loss of one

train. Two concerns noted were the spray onto overhead cable trays, and a postulated reactor

plant component cooling water (CCP) break which targets the AFW pump and some valve

controllers. These sections of piping were not in the original program scope for CCP. Based on

the interaction possibility with the AFW system, two CCP segments were added for risk

evaluation and the cable trays were investigated for their effects. (Table A-1 Item 5)
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Table A-S
SURRY UNIT 1

INDIRECT EFFECTS WALKDOWN WORKSHEET

Building: 17 (AB) Elevation: 2'-13' Cubicle/Section: 17-lA
(Charging Pump 1A Cubicle)

Potential Hazards Postulated Effect

Flooding/Spray Source(s)
Charging pump supply and discharge lines. No concerns were identified during the walkdown.

High Temperature/Hlumidity Sources (High Energy Lines only)
No source was identified.

Pipe Whip Source(s) (High Energy Lines only)
Break in Charging Pump Recirculation line Failure of 1-CH-MOV-1267A and 1-CH-i-MOV-1275A. (See

I note 2 and 3)

jet Impingement Source(s) (High Energy Lines only)
Charging pump discharge line None was identified.

Comments:

1. Can RWST drain if the recirculation line is broken? No. The recirculation line is not connected to the RWST.

2. Because the Recirculation line is smaller than the postulated targets, the target piping and MOVs are assumed to maintain structural
integrity. The operators on the MOVs are assumed to fail such that the MOVs cannot change position (i.e., MOVs are assumed to
fail "as is".)

3. The Surry UFSAR does not consider pipe whip in this location because the maximum operating temperature of the fluid is less than 200°F.

Conclusions/Actions:

The walkdown did not identify any indirect effects.
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Table A-5 (cont.)
SURRY UNIT 1

INDIRECT EFFECT WALKDOWN WORKSHEET

Building: Aux. Building Area/Sec.: 17-1A (Charging Pump 1A Cubicle)

Potential Targets in The Area

System Component Type Tag Number Train Needed for Shutdown?

CH/HHSl Pump 1-CH-P-1A A Yes

SW Temp. Control Valve 1-SW-TCV-108A A Yes

CH/HHSI MOV I-CH-MOV-1275A A Yes

CH/HHSI MOV 1-CH-MOV-1287A A Yes

CH/HHSI MOV 1-CH-MOV-1267A A Yes

CH/HH-ISI MOD l-VS-MOD-101A A Yes

Cl-1/l-IHSI MOV 1-CH-MOV-1286A A Yes

CH/HHSI MOV 1-CH-MOV-1267B A Yes

..... s n \ t _n I .- .. ln t 1 - -'1 -n A 1I I~~I f f l f l ~ V .. V . ~_ . .



Component Cooling Water

It was verified that pipe shrouds had been placed on the discharge piping of CCP

pumps 3CCP*P1A and P1C. These shrouds were placed to mitigate the interactions of a break

in one train disabling the pump in the other train (as noted in the Hazards Evaluation). No

other unique interactions were noted for these areas. (Table A-1 Item 16)

Service Water

There are vital and non-vital motor control centers (MCCs) in the service water pump cubicles.

Large drains were noted in each cubicle to prevent flooding problems. The implications of a

pipe break spraying on the MCCs was noted for further review. (Table A-1 Item 29) (Note: the

expert panel considered this and decided to not take credit for drains and considered this as an

indirect effect.)

Turbine Building

The walkdown of the turbine building resulted in several areas needing further consideration

for the PSA modeling. The turbine building component cooling water has a small surge tank

and virtually any pipe break/leak will eventually fail the system which will lead to reactor trip.

The three plant air compressors are located side by side near the condensate pump discharge

header. A postulated break in the header could potentially fail all three compressors which

would cause a reactor trip. The location of the motor driven and 2 turbine driven pumps makes

the system susceptible to losing all pumps due to a pipe break.

It is important to note that the indirect effects discussed here are plant specific. Due to plant

layout differences, the contribution of the indirect effects can vary significantly between

different plants. It is expected that earlier vintage plants will be impacted more by indirect

effects than later vintage plants.

For the reference plant, the most significant indirect effects were associated with Service Water

segments SWP-15, SWP-22, and SWP-26 through -29. Segments SWP-15 and SWP-22 are

Service Water to the CCE heat-exchangers. It was assumed by the plant expert panel that a pipe

failure in either of these segments would result in a loss of both CCE trains due to their close

o:\4393\VersionA\4393-Ai.docib-020599 
A-15

o:\4393\VersionA\4393-Al.doc-lb020599 A-15



proximity. A loss of all CCE results in a total loss of charging and therefore the segment was

determined to be high safety-significant. The indirect effects resulting from these pipe segment

failures significantly changed the calculated CDF contributions. Failure of all charging results

in a reactor trip as well as failure to provide its accident mitigating functions. However, failure

of one train of charging was not considered to result in a reactor trip and the other train is

available for accident mitigation. This piping segment would have been categorized low

safety-significant due to failure of one train of CCE if indirect effects were not considered.

Piping segments SWP-26 through-29 represent Service Water from the pump to the discharge

check valve. A failure in any of these segments would flood the entire room resulting in a loss

of the Service Water Train involved, including an MCC associated with it. Without considering

the indirect effects, any one of the segments would fail one pump in a pump train. These

segments were designated as high safety-significant based the importance of Service Water at

shutdown. The loss of an operating Service Water train would result in a loss of the operating

RHR, a charging train and a Diesel Generator.

All other indirect effects identified in Table 3.4-3 did not contribute to the determination of the

segment safety significance category. Segments CCP-13 and CCP-14 disable one train of AFW

which was determined to be low safety-significant. Failures in the Auxiliary Feedwater piping

segments cause failures of HVAC which did not contribute to the segment categorization. The

indirect effect associated piping segments SWP-1 through -4 is room flooding resulting in a loss

of the entire pump train and failure of a MCC associated with the Service Water train.

However, without considering indirect effects, a failure in these segments would result in

failure of a Service Water train because the other pump in the train would back feed through

the break. Therefore, if indirect effects were not considered, these segments would still result in

a loss of an entire Service Water train, which was determined to be high safety-significant.

Segment SWP-13 fails cooling water to the RHR and RSS ventilation units and spray would

result in a loss of an MCC which powers valves needed for the train of RSS which is supported

by the ventilation unit. This scenario had a low consequence and was determined to be low

safety-significant. Segment SWP-20 is similar to segment SWP-13.

With regard to inspection locations, a piping segment location that was important from an

indirect effects standpoint would be selected for inspection above other piping segment

locations where the direct and/or indirect effect was less severe.
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APPENDIX B

SAMPLE EXPERT PANEL WORKSHEETS

Contained in this appendix are sample segment worksheets which were used by the expert

panel review for Millstone and Surry. Section 6 of the worksheet contains the final safety- .

significance category (high or low safety-significant) determined by the expert panel. Below is

a brief summary of the segments represented by the worksheets for Millstone and Surry.

Millstone 3

FWS-1: This segment is the main feedwater piping to steam generator A, between motor-

operated valve 35A and gate valve FCV 510. A break in this line causes a loss of main

feedwater (feedline break), modeled in the PSA as an initiating event. The calculated full break

probability is 0 (1.OE-08 was assumed). The RRW value calculated is 1.00 and the RAW value is

relatively low. The segment was designated low safety-significant because of the low failure

probability and the relatively low consequence.

ECCS-1: This segment is one of the four safety injection lines and it is located between check

valves 8818A and 8819A and 8847A (inside containment). A break in this line causes a partial

loss of injection, and the eventual loss of the RWST inside containment. The calculated full

break probability is 0 (1.OE-08 was assumed). The RRW and RAW values were relatively high,

however, the expert panel believed the PSA modeling was too conservative because the RWST

inventory would be available for recirculation. The time to switch to recirculation would

however be shorter. This segment was designated low safety-significant because of the low

failure probability and the expert panel's assessment that the consequence would be lower than

calculated.

RCS-7: This segment is the safety injection line from check valve 8948A to the tee on the loop A

cold leg. A break in this segment causes a large LOCA, modeled in the PSA as an initiating

event. The calculated full break probability is 4.IE-09 (the threshold value of 1.OE-08 was used).

The RRW value calculated is 1.00 but the RAW value is relatively high. The segment was

designated high safety-significant due to the relatively high RAW value and because of the

high consequence of a large LOCA.
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RCS-15: This segment is the high pressure safety injection connection from the cold leg tee to

check valve 8900B. A break in this segment causes a small LOCA, modeled in the PSA as an

initiating event. The calculated full break probability is 1.5E-12 (1.OE-08 was assumed). The

RRW value calculated is 1.00 but the RAW value is relatively high. The segment was

designated high safety-significant due to the relatively high RAW value and because the pipe

failure results in an unisolable break in the RCS.

SIL-9: This segment is from accumulator TKMA to check valve 8956A. A break in this line

results in the loss of accumulator TK1A. The calculated full break probability is 0 (1.OE-08 was

assumed). The RRW value is 1.00 and the RAW is in a medium range. This segment was

designated low safety-significant due to the low failure probability, benign normal operating

conditions, and low consequence.

SIH-4: This segment is the High Pressure Safety Injection line from motor operated valves

8821A and 8821B to check valves 8819C, 8819A, 8819D, and 8819B. A break in this segment

causes a loss of the RWST outside containment. The calculated full break probability is 0 (the

threshold value of 1.OE-08 was used for calculations). The RRW and RAW values are relatively

high, therefore the segment was designated high safety-significant.

FWA-12: This segment is the Auxiliary Feedwater line from check valve V12 and V47 to the

cavitating venture before Steam Generator D. A break in this line causes an eventual loss of the

DOST. The calculated full break probability is 0 (the threshold value of 1.OE-08 was used for

calculations). The RRW and RAW values are relatively high, therefore the segment was

designated high safety-significant.

SIL-3: This segment is the Low Pressure Safety Injection from motor operated valves 8716A

and 8716B to V8735 and motor operated valve 8840. A break in this segment causes a loss of

the RWST outside containment. The calculated full break probability is O (the threshold valve

of 1.OE-08 was used for calculations). The RRW and RAW values are relatively high, therefore

the segment was designated high safety-significant.
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Surrv Examples

ECC-3: This segment is the cold leg loop piping between check valves 1-SI-243 (from low head

injection) and 1-SI-237 (from high head injection) and discharge check valve 1-SI-85 (to RCS).

A piping failure in this line causes a loss of RWST inside containment (this would only cause a

shorter time to switchover of recirculation) and the loss of one injection path to the RCS cold leg

because flow restrictors on the injection path limit flow. The PSA model already assumes for

LOCA events the loss of one cold leg injection path; therefore, there was no postulated

conditional core damage. The failure mechanism postulated was thermal stratification while

resulted in relatively low failure probabilities from small leak and large leak. This segment was

designated as high safety-significant by the expert panel due to the piping possible being

pressurized from the RCS and would also be a common mode failure of one of the low head

and high head injection systems flowpath.

FW-12. This segment is the main feedwater piping header to steam generator A. A piping

failure in this line is postulated to resultin a loss of both main feedwater pumps and cause a

loss of main feedwater initiating event. Indirect effects would also result from failure of this

line due to spray and flooding and cause a loss of all three Unit 1 AFW pumps, the loss of both

Unit 1 containment spray pumps and the loss of three main steam relief valves. These

consequences were treated as 1) an initiating event with failure of mitigating equipment and

2) failure of mitigating equipment. The RRW for core damage frequency with operator action

was 1.04 (high safety significant) and the RRW for LERF with operation action was 1.008 (high

safety significant). The failure mechanism assumed was wastage which resulted in high failure

probabilities for small and large leak. The segment is in an augmented program and therefore a

factor of 10 reduction is the failure probabilities was assumed. The expert panel concurred that

this segment was high safety significant.

HHI-4C: The piping segment is located at the discharge of charging pump A between a check

valve and two motor-operated valves. A piping failure in this segment is assessed to result in

the loss of RWST outside containment in addition to the loss of the Unit 2's RWST and charging

pump cross connects. The postulated indirect consequences are not more severe than the direct

impact but was also assessed numerically. With operator action, the segment can be isolated

and this results in the loss of one charging pump. The postulated failure mechanism was that a
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snubber locks up under thermal conditions; yet the failure probability remained relatively low.

The expert panel assessed this segment as high safety significant because high head flow would

be temporarily interrupted before the operator took action and because of the potential for a

common mode failure of all charging pumps.

LHI4: This segment is one of the low head safety injection system=s suction line from the

containment sump to the first motor-operated valve for LHI pump A. A piping failure in this

segment is assessed to result in the loss of recirculation from LHI A path. Fatigue was

postulated as the failure mechanism and resulted in relatively low failure probabilities. The

importance measures indicated this segment as low safety significant. The panel was

concerned that this line had a single containment isolation valve and is an extension of the

containment sump. The panel designated this segment as high safety significant.

RC-16: This piping segment is the safety injection line from the first isolation check valve to the

RCS loop 1 hot leg. This segment was postulated to result in a large, medium or small LOCA

depending on the leak size. Thermal striping/stratification and thermal fatigue was the

postulated failure mechanism for this segment. This segment was found to be numerically high

risk significant (CDF with operator action). The segment provides hot leg safety injection

water. The panel noted that the failure mechanism postulated (thermal striping) had occurred

in the industry, though on the cold leg safety injection lines. The panel voted unanimously

each segment high safety significant.

RC- 58: This piping segment is from PORV block valve to pressurizer PORV. Failure of this

segment was postulated to result in a medium or small LOCA depending on leak size. Closure

of the block valve would terminate the event and reduce the consequences. The failure

mechanism postulated was fatigue. The concern was raised regarding the loss of cold

overpressure mitigation capability during shutdown. The panel was concerned with high stress

to allowable stress ratios. The panel voted unanimously to make the segment high safety

significant.

SW-4: This piping segment is from the discharge of service water pump A through the diesel

cooler and shaft bearing oil cooler back to the intake structure. As a direct impact, a rupture in

any one of these segments is assessed to result in the loss of one of three SW pumps. As an
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indirect consequence, failure of any one of these segments is assessed to result in the loss of all

SW pumps. The postulated failure mechanism was wastage which results in a high failure

probability. The RRW for the CDF with operator action showed this segment to be high safety

significant. The expert panel identified that fiberglass failures had occurred at the plant and

with a high RRW, the panel identified this segment as high safety significant.
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MILLSTONE 3
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET

Section 1 System & Pipe Segment Identification

System & Segment Description: FWS-1 Main Feedwater/Condensate System
From motor valve MOV-35A(V14) to gate valve
FCV-510(V15)

Location/P&ID Drawing: E-130C

System Function(s): Provides feedwater to steam generators

Section 2 Risk Ranking Information

Failure Effect on System
Without Operator Action: Loss of main feedwater flow to steam

generator A

Failure Effect on System
With Operator Action: Loss of main feedwater flow to steam

generator A

PSA Initiating Events Impact: Loss of Main Feedwater

PSA Containment Performance Impact None

Conditional Core Damage Frequency Without 0 With 0

Due to Pressure Boundary Failure 1.20E-06 1.20E-06

Total Pressure Boundary Failure
Core Damage Frequency (FP*CDFcod) 3.OOE-16 3.OOE-16

CDF, Importance Measure Values RAW 5.38 106
RRW 1.000 1.000

Comments:

Section 3 Pressure Boundary Failure Probability

Segment Elements (welds, tees, elbows, etc.): Pipe to valve V14 weld

Pressure Boundary Failure Mechanism(s): Thermal fatigue, erosion/corrosion

Pressure Boundary Leak Probability: Small Leak: 1.1E-03
Full Break: 0 (use 1.OE-08)

Basis for Pressure Boundary Failure Probability High temperature at pipe weld, large nominal
pipe size, high normal operating pressure

Comments: Break exclusion zone. No E tending LO 040-
016 US

l:49Wrin\33-Idcb009 -

o:\4393\VersionA\4393-BI .doc~lb-O0599 B6



MILLSTONE 3
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET

Segment FWS-1 (Sheet 2)

Section 4 Indirect Effects Evaluation

Indirect Effect

(Spray, flood, pipe whip, jet impingement) None identified

Pressure Boundary Failure Impact
on Other Systems None identified

Core Damage Frequency Contribution
due to Indirect Effects None

Section 5 Other Considerations

External Events Evaluation

Seismic: Fire: External Flood:

Shutdown Risk Evaluation Feedline break during cooldown. No impact at
shutdown.

Importance to Other Accident Scenarios

Component Maintenance and Operation Insights: Review of reports conducted, no major
problems found

Importance to Design Basis Analysis: Decrease in heat removal by the secondary
system, per FSAR Chapter 15.

Other Deterministic Insights:

Section 6 Final Risk Category

Category High Safety Significant Low Safety Significant X

Basis Low failure probability, relatively low consequence - loss of MFW
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MILLSTONE 3
- EXPERT PANEL EVALUATION
SEGMENT RANKING WORKSHEET

Section 1 System & Pipe Segment Identification

System & Segment Description: ECCS-1 Emergency Core Cooling System
From CV8819C (V24) and CV8818C (V13) to
CV8847C (V985)

Location/P&ID Drawing EM-112A, 112B & 113B

System Function(s): Provides water from the RWST and the
containment sump for core cooling during a
LOCA

Section 2 Risk Ranking Information

Failure Effect on System
Without Operator Action: Loss of RWST inside containment

Failure Effect on System
With Operator Action: Loss of all RHR & HPSI flow

PSA Initiating Events Impact: None

PSA Containment Performance Impact: None

Conditional Core Damage Frequency Without OA With OA
due to Pressure Boundary Failure: 4.73E402* (3.00E-04) 2.09E-03

Total Segment Pressure Boundary Failure
Core Damage Frequency (FP*CDF.,): 4.73E-10* (3.00E-12) 2.09E-11

CDF,b Importance Measure Values: RAW 1.50E+05* (1.32E+4) 1.83E+05
RRW 1.002* (1.00) 1.002

Comments: 'Based on Expert Panel discussion, the consequence is much less than this - will be
requantified (shown in parentheses) - would result in draindown of RWST and
earlier transfer to recirc.

Section 3 Pressure Boundary Failure Probability

Segment Elements (welds, tees, elbows, etc.): Weld at V985

Pressure Boundary Failure Mechanism(s): Thermal fatigue

Pressure Boundary Failure Probability Small Leak: 0 (use 1.0E-08 per demand)
Full Break: 0 (use 1.0E-08 per demand)

Basis for Pressure Boundary
Failure Probability: High normal operating pressure, Maximum

residual stress level, High fatigue transient
frequency

Comments: Valve is located on branch line within 2 feet of
run pipe connection; Many nearby branch line
snubbers exist which potentially may lockup
causing break potential
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MILLSTONE 3
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET

Segment: ECCS- 1 (Sheet 2)

Section 4 Indirect Effects Evaluation

Indirect Effect:
(Spray, flood, pipe whip, jet impingement) None Identified

Pressure Boundary Failure Impact
on Other Systems: None identified

Core Damage Frequency Contribution
due to Indirect Effects: None

Section 5 Other Considerations

External Events Evaluation
Seismic: Fire: External Flood:

Shutdown Risk Evaluation: Failure results in possible reduced flow for
emergency core cooling; loss of RHR flow and
LOCA during shutdown if RHR is not isolated

Importance to Other Accident Scenarios:

Component Maintenance and
Operation Insights: Review of reports conducted, no major

problems found

Importance to Design Basis Analysis:

Other Deterministic Insights:

Section 6 Final Risk Category

Category: High Safety Significant Low Safety Significant X

Basis Low Failure Probability and lower consequence given draindown of RWST

o:\4393\VersionA\4393-Bl.doclb-020599 B9



MILLSTONE 3
- EXPERT PANEL EVALUATION
SEGMENT RANKING WORKSHEET

Section 1 System & Pipe Segment Identification

System & Segment Description: RCS-7 Reactor Coolant System

LPSI Connection from Loop A Cold Leg Tee to
CV 8948A (V30)

Location/P&ID Drawing: EM-102A

System Function(s): Reactor heat removal

Section 2 Risk Ranking Information

Failure Effect on System Large loss of coolant accident
Without Operator Action:

Failure Effect on System Large loss of coolant accident
With Operator Action:

PSA Initiating Events Impact: Large LOCA initiator

PSA Containment Performance Impact None

Conditional Core Damage Frequency due to Without OA With OA
Pressure Boundary Failure 9.36E-03 9.36E-03

Total Segment Pressure Boundary Failure Core
Damage Frequency (FP I CDF,) 2.34E-12 2.34E-12

CDFb Importance Measure Values RAW 4.12E+05 8.22E+05
RRW 1.000 1.000

Comments

Section 3 Pressure Boundary Failure Probability

Segment Elements (welds, tees, elbows, etc.): 10" Pipe weld at connection to RCS cold leg

Pressure Boundary Failure Mechanism(s): Thermal fatigue

Pressure Boundary Failure Probability: Small Leak: 1.9E-06
Full Break: 4.1E-09 (Use IE-08)

Basis for Pressure Boundary Failure Probability High temperature at pipe weld, Maximum
residual stress level, High steady state stress
level

Comments High usage factor. Branch is on fatigue watch
list
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MILLSTONE 3
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET

Segment RCS-7 (Sheet 2)

Section 4 Indirect Effects Evaluation

Indirect Effects None Identified
(spray, flood, pipe whip, jet impingement)

Pressure Boundary Failure Impact None Identified
on Other Systems

Core Damage Frequency Contribution None
due to Indirect Effects

Section ; Other Considerations

External Events Evaluation
Seismic: Fire: External Flood:

Shutdown Risk Evaluation Failure results in Large LOCA at shutdown

Importance to Other Accident
Scenarios

Component Maintenance and Review of reports conducted, no major problems
Operation Insights: found

Importance to Design Basis Large LOCA, per FSAR Chapter 13
Analysis

Other Deterministic Insights

Section 6 Final Risk Category

Category: High Safety Significant X Low Safety Significant

Basis Relatively High RAW Value, High
consequence - Large LOCA

I:49\esoA49-Idcb009 B.l
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MILLSTONE 3
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET

Section 1 System & Pipe Segment Identification

System & Segment Description: RCS-15 Reactor Coolant System

HPSI Connection from Cold Leg Tee to
CV 8900B (V70)

Location/P&ID Drawing: EM-102D

System Function(s): Reactor heat removal

Section 2 Risk Ranking Information

Failure Effect on System Small loss of coolant accident
Without Operator Action:

Failure Effect on System Small loss of coolant accident
With Operator Action:

PSA Initiating Events Impact: Small LOCA initiator

PSA Containment Performance Impact: None

Conditional Core Damage Frequency due to Without OA With OA
Pressure Boundary Failure 8.61E-04 8.61E-04

Total Segment Pressure Boundary Failure Core
Damage Frequency (FP * CDF) 2.15E-13 2.15E-13

CDFb Importance Measure Values RAW 3.79E+04 7.56E+04
RRW 1.000 1.000

Comments

Section 3 Pressure Boundary Failure Probability

Segment Elements (welds, tees, elbows, etc.): Weld to V70

Pressure Boundary Failure Mechanism(s): Thermal fatigue

Pressure Boundary Failure Probability Small Leak: 0 (Use 1.OE-08)
Full Break: Use 1.0E-08

Basis for Pressure Boundary Failure Probability: High temperature at pipe weld, High normal
operating pressure, Maximum residual stress
level

Comments Area of maximum bending stress. SR EL @
535/540 & Tee e 550 are on fatigue watch list
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MILLSTONE 3
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET

Segment: RCS-15 (Sheet 2)

Section 4 Indirect Effects Evaluation

Indirect Effects None Identified
(spray, flood, pipe whip, jet impingement)

Pressure Boundary Failure Impact None Identified
on Other Systems

Core Damage Frequency Contribution None
due to Indirect Effects

Section 3 Other Considerations

External Events Evaluation
Seismic: Fire: External Flood:

Shutdown Risk Evaluation Failure results in Small LOCA at shutdown

Importance to Other Accident
Scenarios

Component Maintenance and Review of reports conducted, no major problems
Operation Insights: found

Importance to Design Basis Small LOCA, per FSAR Chapter 15
Analysis

Other Deterministic Insights.

Section 6 Final Risk Category

Category: High Safety Significant X Low Safety Significant

Basis Relatively large RAW value, Unisolable
break
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MILLSTONE 3
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET

Section 1 System & Pipe Segment Identification

System & Segment Description: SIL-9 Low Pressure Safety Injection SI
Accumulator Tank TK1A to CV8956A (V15)

Location/P&ID Drawing: EM-112B

System Function(s): Provides borated water to core during design
basis accidents

Section 2 Risk Ranking Information

Failure Effect on System
Without Operator Action: Loss of Accumulator A water flow to cold leg 1

Failure Effect on System
With Operator Action: Loss of Accumulator A water

PSA Initiating Events Impact: None

PSA Containment Performance ImpacL- None

Conditional Core Damage Frequency Without OA With OA
due to Pressure Boundary Failure 6.61E-04 6.61E-04

Total Segment Pressure Boundary Failure
Core Damage Frequency (FP*CDF,J) 6.61E-12 6.61E-12

CDFb Importance Measure Values RAW 2.91E+04 5.80E+04
RRW 1.000 1.001

Comments

Section 3 Pressure Boundary Failure Probability

Segment Elements (welds, tees, elbows, etc.): Valvelpipe weld

Pressure Boundary Failure Mechanism(s): Thermal fatigue

Pressure Boundary Failure Probability: Small Leak: 0 (use lE-08 per demand)
Full Break: 0 (use lE-08 per demand)

Basis for Pressure Boundary Failure Probability: Maximum Residual Stress

Comments Location based on potential check valve
leakage causing thermal cycling. Choked flow
consideration during DBA not considered to
be a significant loading concern (thick
stainless steel piping).
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MILLSTONE 3
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET

Segment SIL-9

Section 4 Indirect Effects Evaluation

Indirect Effects
(spray, flood, pipe whip, jet impingement) None

Pressure Boundary Failure
Impact on Other Systems None

Core Damage Frequency Contribution
due to Indirect Effects None

Section 5 Other Considerations

External Events Evaluation
Seismic: Fire: External Flood:

None

Shutdown Risk Evaluation Accumulators isolated during shutdown, do
not provide function during shutdown,
redundant accumulators available if necessary

Importance to Other Accident Scenarios

Component Maintenance and Operation Insights Review of reports conducted; no major
problems found

Importance to Design Basis Analysis

Other Deterministic Insights

Section 6 Final Risk Category

Category High Safety Significant Low Safety Significant X

Basis Reliable piping, benign normal conditions, minimal
consequence.
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MILLSTONE 3
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET

Section 1 System & Pipe Segment Identification

System & Segment Description: SIH-4 High Pressure Safety Injection From
MOVs 8821A (V15) and 8821B (V19) to CVs
8819C (V24), 8819A (V28), 8819D (V26) & 8819B
(V22)

LocationlP&ID Drawing: EM-113B

System Function(s): Provides emergency core cooling during
design basis accidents

Section 2 Risk Ranking Information

Failure Effect on System
Without Operator Action: Loss of RWST

Failure Effect on System
With Operator Action: Loss of HPSI flow to all cold legs

IPE Initiating Events Impact: None

IPE Containment Performance Impact: None

Conditional Damage Frequency Without OA With OA
due to Pressure Boundary Failure 4.73E-02 2.99E-03

Total Segment Pressure Boundary Failure
Core Damage Frequency (FP * CDFcond) 4.73E-10 2.99E-11

CDFpb Importance Measure Values RAW 1.50E+05 1.23E+04
RRW 1.002 1.00

Comments

Section 3 Pressure Boundary Failure Probability

Segment Elements

(welds, tees, elbows, etc.): Valve to pipe weld at discharge of MOV8835
(V20)

Pressure Boundary Failure Mechanism(s): External loads

Pressure Boundary Failure Probability: Small Leak: 0
Full Break: 0 (use IE-08 per demand)

Basis for Pressure Boundary Failure Probability: Maximum Residual Stress Level, High Steady
State Stress Level, High Normal operating
pressure

Comments: Potential for locked snubber or operational
vibration
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MILLSTONE 3
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET
SEGMENT: SIH-4

Section 4 Indirect Effects Evaluation

Indirect Effects
(spray, flood, pipe whip, jet impingement) None

Pressure Boundary Failure
Impact on Other Systems None

Core Damage Frequency
Contribution due to Indirect Effects None

Section 5 Other Considerations

External Events Evaluation
Seismic: Fire: External Flood:

None

Shutdown Risk Evaluation: One HPSI required to be available.

Importance to Other Accident Scenarios

Component Maintenance Review of reports conducted; no major
land Operation Insights problems found

lImportance to Design Basis Analysis LOCA mitigation system

Other Determninistic Insights

Section 6 Final Risk Category

Category: High Safety Significant X Low Safety Significant

Basis High consequence - loss of RWST, both HPSI
pumps injecting to break location.
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MILLSTONE 3
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET

Section 1 System & Pipe Segment Identification

System & Segment Description: FWA-12 Auxiliary Feedwater System
From V'12 and V47 to cavitating venturi
(CAV-60D) before SG-D

Location/P&ID Drawing: EM-130B

System Function(s) Supply aux. feedwater to steam generators,
provide cooling during startup/cooldown

Section 2 Risk Ranking Information

Failure Effect on System
Without Operator Action: Loss of DWST

Failure Effect on System
With Operator Action Plant Loss of flow from motor-driven AFW pump A

and turbine-driven AFW pump

IPE Initiating Events Impact: None

IPE Containment Performance Impact: Pipe failure may occur inside containment,
steam release

Conditional Core Damage Frequency Without OA With OA
due to Pressure Boundary Failure 8.34E-02 2.58E-03

Total Segment Pressure Boundary Failure
Core Damage Frequency (FP*CDF.,) 8.34E-10 2.58E-11

CDF,,6 Importance Measure Values RAW 3.14E+05 1.02E+04
RRW 1.003 1.000

Comments

Section 3 Pressure Boundary Failure Probability

Segment Elements (welds, tees, elbows, etc.): Tee to elbow weld, tee to pipe weld

Pressure Boundary Failure Mechanism(s): External loads

Pressure Boundary Failure Probability Small Leak: 0 (use 1.OE-08 per demand)
Full Break: 0 (use 1.0E-08 per demand)

Basis for Pressure Boundary Failure Probability Carbon Steel, Large Initial Flaw, High Steady
State Stress

Comments: Loads from valve operator or containment
during seismic event
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MILLSTONE 3
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET
SEGMENT: FWA-12

Section 4 Indirect Effects Evaluation

Indirect Effects Loss of cable trays containing
(spray, flood, pipe whip, jet impingement) HVQ*ACUS1A due to jet impingement within

the AFW pump A room

Pressure Boundary Failure Loss of HVQ*ACUS1A - room cooling to
Impact on Other Systems "A" RHR, QSS, SI area

Core Damage Frequency
Contribution due to Indirect Effects

Section 5 Other Considerations

External Events Evaluation
Seismic: Fire: External Flood:

None

Shutdown Risk Evaluation FWA provides cooling during plant
cooldown/startup, used for safe shutdown
after plant transients

Importance to Other Accident Scenarios

Component Maintenance and Operation Insights Review of reports conducted, no major
problems found

Importance to Design Basis Analysis

Other Deterministic Insights

Section 6 Final Risk Category

Category High Safety Significant X Low Safety Significant

Basis: Shorter time to take operator recovery, loss of
DWST or loss of motor-driven (A) and turbine-
driven AFW pumps (pumps potentially run
out)

o:\4393\VersionA\4393-Bl.doc~lb-020599 B-19



MILLSTONE 3
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET

Section 1 System & Pipe Segment Identification

System & Segment Description: SIL-3 Low Pressure Safety Injection
(SIL, RHS) From MOVs 8716A (V4) and 8716B (V8) to

V8735 (V43) and MOV 8840 (V25)

Location/P&ID Drawing: EM-112A

System Function(s): Provide emergency cooling and borated water
to core during design basis accidents, maintain
the core covered, core cooling during
shutdown

Section 2 Risk Ranking Information

Failure Effect on System
Without Operator Action: Loss of RWST

Failure Effect on System
With Operator Action: Loss of both RHR pump trains

IPE Initiating Events Impact: None

IPE Containment Performance Impact: None

Conditional Core Damage Frequency Without OA With OA
due to Pressure Boundary Failure 4.73E-02 1.96E-02

Total Segment Pressure Boundary Failure
Core Damage Frequency (FP*CDF.J) 4.73E-10 1.96E-10

CDF,, Importance Measure Values RAW 1.50E+05 8.04E+04
RRW 1.002 1.001

Comments Operator would close 8716 valves if break
location is known and sufficient time is
available

Section 3 Pressure Boundary Failure Probability

Segment Elements (welds, tees, elbows, etc.): Elbow weld at inlet to MOV8840

Pressure Boundary Failure Mechanism(s): Thermal fatigue (conservative)

Pressure Boundary Failure Probability: Small Leak: 0 use 1.OE-08 (per demand)
Full Break: 0 use 1.0E-08 (per demand)

Basis for Pressure Boundary Failure Probability: High Steady State Stress Level

Comments Location based on stress

I:4 9\ eso A4 g - Id cb0 0 9 -2
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A

MILLSTONE 3
EXPERT PANEL EVALUATION

SEGMENT RANKING WORKSHEET
SEGMENT: SIL-3

Section 4 Indirect Effects Evaluation

Indirect Effects
(spray, flood, pipe whip, jet impingement) None

Pressure Boundary Failure
Impact on Other Systems None

Core Damage Frequency Contribution
due to Indirect Effects None

Section 5 Other Considerations

External Events Evaluation
Seismic: Fire: External Flood:

None

Shutdown Risk Evaluation Segment is isolated by closure of 8716A&B for
train separation during shutdown (no
consequence); Loss of decay heat removal if
valves are not closed during shutdown

Importance to Other Accident Scenarios Loss of hot leg recirculation (plan not to use
this function)

Component Maintenance and Operation Insights Review of reports conducted; no major
problems found

Importance to Design Basis Analysis The RHR pumps provide ECCS during design
basis accidents. Need cross-connect during
design basis event with single failure to get
injection to all cold legs.

Other Deterninistic Insights

Section 6 Final Risk Category

Category High Safety Significant X Low Safety Significant

Basis Same consequence as SIL-1 and SIL-2, but
doesn't have shutdown risk.
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Risk-based Inspection Exprt Pan.l Evaluation Segment Ranking Worksbhet

SEGMENT: ECC-003 PLAIT: Surry Unit I

Section 1 System and Pips Segment Identification

Systen: Emergency Cote Cooling

Segmeut Descuiption: Cold leg loop 3 from CV 1-S-243 and CV 1-S1-237 to CV SI-85.

Drawing Number 11448-CBM-0898B3 Sh.4 Rev. 2 11448-WMKS-0127J3

Section 2 Risk Ranking Information

FAILURE EFFECTS ON SYSTEM

Without Operator Actio: Loss of RWST inside containment Potential ISLOCA initiating event separated from the RCS by check
valves degradation of the cold leg injection function only one injection path to a cold lekg hh and
LHk flow rcstrictors on injection paths Imit flow.

Wnit Operator Actien: No Change

leitiating Events Impact Potential ISLOCA (CV 15 fails & pipe breaksl

Ceataiment Perfurmssce Impact

CONDITIONAL TREATMENT, COF and LERF IMPORTANCE MEASURE CALCULATIONS

Treatment: None { Without CA With OA

n IoaI Core Dnsmp Frequocy due to PFrs Bouenry Failure QCDDE+ 00 O.OOE+00

Casnditieoal Larp Early Release Frequency de to ProEa Boundary .OOE+80 1 O.OOE+0

CDF nad IMPORTANCE MEASURE CALCULATIONS Withut OA With OA

¢TetlSegmsntPressure Besadfy FilreCeaDwampFaqoey yFP .000E+00 C.OOE+00
CDFcri

CDFpblmprtam RIW 1.OE+OO j 1.00E+OO

RRW j

LERFand IMPORTANCEMEASURECALCULATIONS WitueutCA With OA

Toatl SegmentPrancre Boundary Failure Lare Early Release Frequency O.DOE+00 O.COE+00
IFP LERFr e4_d

LERFph Impr ncts e RAW 1.00E+OO 1.tOOE+OO
VRRW 1 1

Expert Panel Discossieanommenat:

pip le 92M742&SPM
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SEGMEIT: ECC41

Risk-based Inspection Expert Panel Evaluation Segment Ranking Worksheat

33 PLANT: Surry Unit I

Section 3 Pressure Boundary Failure Probability

Segment 9emnte f Weld 1-05

Failure Mechamismlsh Thermal stratification

Leak Size Large Med Small

Failure Probability: SnUe Leak (wI. ISIk 8.67E-04 Large Leak IwIe 151t 8.30E-44 O.OOE+OO O.OOE+OO

Snag Leak(with ISl 9.35E-05 Large Leak(withl 1S 2.91E-05 O.OOE+OO O.OOE+OO

Basis for Failure Probability: See failure probability worksheet

Commets: Based upon ECCS inventory and RWST margin assumed snal value of 2 gpnu

Section 4 Indirect Effects Evaluation

Indiect Effects: No indirect inmact

Section 5 Other Considerations

External Events Eyelashes:

Ssmic Support function in all seisrnic induced events

Fire: None

Rest None

Sbutdlon Risk Evaloation: Alternate decay heat reniovallprinary if below mid-loop

Importlace to Other Accidest None
Scearuis:

Comnpemet Maintenance ad Cold leg injection for LHI & HHI
Operation lsigts

Importane. to Design Basis Anlyis: LOCAs. tube rupthme nain steam line break, boron dilution rod jection as derbed in UFSAR
chapter 14

Other Detariaastic l Segment separated by ched valve 14S1-85 from sement RC-43, check Mve 1--237 from segment
HHI.120 & check valve IS1I-243 from segrent 1.10

Section 6 Final Risk Category

Risa Catega:(3 HIGH SAFETY SIGNIFICANT ° LOWSAFETYSIGNIRCANT

Basis for RiskC ategory- Conenon mode faikernechanism
. pressurized with FICS heads
-would see increased sump level

PM# if snV#29?N
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- Risk-based Inspection Expert Panel Evalnution Segment Ranking Worksheet

SEGMENT: FW.012 PLANT: Surry Unit 1

Section 1 System and Pipe Segmont Identification

Stam: FauiWatar Sysem

Segpent Deftription Feedwater header to SG A from 1.FW FCV.1478 to 1-FW 12 (check valve).

Drawing Number 11448-CBMD68A.3 SH. 1, 11448-WMKS-1D18A3

Suction 2 Risk Ranking Information

FAILURE EFFECTS ON SYSTEM

Without Operator Auon: Loss of both MFW pumps.

With Operator Aucton: No dcange.

Initiating Events Impact Loss of main feedwuter initiating event

Containment Performance Impact

CONDITIONAL TREATMENT. CDF and LERF IMPORTANCE MEASURE CALCULATIONS

Treatment: SYStJIS+DC I WitheatOCA With CA

Conditionst Car Damage Frequency du et Psnure Bonmdary Fhilurn 1.72E 03 1.72E03

C litil.a ILarge Early Rub Frnq cy de t Presu Bounday 1.35E404 1j35E.04

Treatmnent: IE/JIIS+DC | WithentOA WithOA

IC..dtional Care DaIag Fraquency duetb Press. Boendary Fuier 1A9E*04 AlA9E04

Candif l Large Early Release Frequency due to Presure Boundary | a62E*06 | 3.62E.06

CDFadlIMPORTANCEMEASURECALCULATIONS WithoutCA With OA

Ttal Sement Pesre Boundary Faiura Con Damap Frequency FP 1.38E-07 1.38ED07
CDFcn)I__________

CDFp &Importane RAW 3.07E*01 4.61Ee02

MRRW 1.00221 1.03533

Pap. 34 SM742&634N

o:\4393\VersionA\4393-B1.doc:lb-020599 
B-24

o:\4393\VersionA\4393-Bl.doc:lb-020599 B-24



Riskeare Inspection Expert Panel Evaluation Segatent Ranking Worksheet

SEGMENT: FW-012 PLAIIT: Surry Unit 1

LERF and IMPORTANCE MEASURE CALCULATIONS Withoutl DA i With CA

Tetal Segmet Pnresr Bundary Fodu Largo E rly Rclise F reqec 3.59E409 3.59E409
IFP LERFcen4I

LERFp Importance IRAW 2.78E+01 3.12E+02

IRRW 1.00069 i.a0811

Expert Pomel Dm;DnlCemiU:ts: Failure Effects with Opeator Action: Loss of main feed water indirect effect of sray
and jet impingement assumed instantaneous.

Section 3 Pressure Boundary Failure Probability

SeiueatElement(st FPetoFCY 1478 Drawings: 1018A3

Failr Mechanismbl: Wastage

Leak Size Large Med Small

Failure PrbabibTty Sall Lk we ISlM 3.603E-01 Large Lak (wielSlJ: 3.60E-O1 0.OOE+00 O.OOE.00

Small Leak (with ISIk 3.60E42 Large Loak (with ISII 3.60E-02 O.ooE+OO OODE+.00

Bnass far Failure Prblish:r. See failure probability worksheet

Comeati: Based upon condensate automatic makeup capabilities 1300,000 gallon tank) to hotwell assumed 500
gpm disabing leak. Leakage could continue for over 8 hours without operator action (1 shift code
allowaNbes use Segmnt in augmented program, factor of 10 ciedit assirnmed for wtnS case, SRRA
not used

Section 4 Indirect Effatts Evaluation

Indirect Effects Flooding. spray All three Unit I AFW purnps both Unit I CS pumps Three Main
Steam RVs.

PW 3S 9s7W42&34PM
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Risk-based InspatiL

-

SEGMENT: FW-012

External Events Evalsatimo:

Seisaic Not considered significant

Fire: Badamp water supply for firEs.

Hood: None

Shutdow Risk Evaluation: Ahemn

mPorc to Other Accident None
Sco ies:

Comuponent Mainteance and Fluid i
Oporatiso Iights:

Imp ct te Desipn Bsi Analysic Los e

Other Dtsrm e isiasic hts Separ

in Expert Panel Evaluation Segment Ranking Worksheet

PLANT: Sarry Unit 1

Section 5 Other Considerations

ate deay heat renoval

xntained iS ondnste. EIC program coverage.

f normal feedwater.

ated from segment FW-15 by check valve 1 FW12.

Section 6 Final Risk Category

HIGH SAFETY SGNIFICANT 0

bss of FW.high CDFILERF with OA RRW

Risk Ctbgerr.

Basis far Rikt Category: Total I

' LOW SAFEIY SIGNIFICANT

P,9t 3s S&9V7*.24PM
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Risk-based Inspection Expert Panel Evaluation Segment Ranking Workshoet

SEGMENT: HH004C PLANT: Surry Unit I

Section 1 System and Pipe Segment Identification

System: High Head Safety Injection

S nat Deipbon: Dischrge of charging pump A. between-CH-258 (check valveL 1-CH-MOV1286A. 1-CH-MOVY1287A.

Drawing limber 11448.MKS.1105BS. 11448-MKS.1105B9

Section 2 Risk Ranking Information

FAILURE EFFECTS ON SYSTEM

Without Operator Actioen A Loss of Unit 1 RWST. loss of Unit 2 RWST cross comnect to Unit 1 Charging pumps, and Ioss of
Unit 2 Charging pumps cross connect to Unit 1: oss of YCT and BAT to the chaging punps

With Operatnr Actio: Closnre of CH MOV-1267A. 1267B. 1275A isolates segment and would result in lDSS of aem chiting
pump (A) only.

initiating Eenta lmpawt

Cantaiamuat Perforsance Impact

COXDITIONAL TREATMENT, COF and LERF IMPORTANCE MEASURE CALCULATIONS

Treatmnent SYSIJIIS witiout CA With OA

CenditiflaI Core Damap Frequenty due to Pressure Boooary Failure 1.12E-04 1.12E-04

Cmeodtieeal Lar, Early Release Fretqency due to Pressure Beondary 2.60E-05 Z.60E-05

Treatment: SYS WithoutOA j Wr* OA

ondltioal Core Damp Freque dee to Prassure Bounabry Failure 2.50E-02 0.00E+00

Co a Inrp Eay Relee Froc da to Pre e r 238E-03 | ___60E-0

Fhilure

COF ad IMPORTANICE MEISURE CALCUUATIOIIS WittoettCA W~tO A

otal Segmeot Pressure Boandary Falure Care Daane Frequency IFP 459E-11 2.97E 13
.CDFcmed)

CDFpb Impertance RAW 4.01E+02 286E+01
Me rYelus RRW 1 I 1

Pae is s52W#XVsPM
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Riikasesd Inspaction Expert Pnel Evaluation Segment Ranking Workshet

04C PLANT: Surry Unit 1SEGMENT: HH-Ot

LERF and IMPORTANCE MEASURE CALCULATIONS Without CA | With DA

ebtl Spiment Pressure Bundary Failure Large Early Release Frequency 4.40E*12 1.17E.13
jFP ' LERFcen I _

LERFph Imuporance RAW 4.65E+02 1.18E+02

RRW 1 1

Expert Pnanl DiscienlCommnebt:

Section 3 Preure Boundary Failure Probability

Sapient Elementfs) Weld 1-04 3' Ene

Failere Meckvaisutl. Snubber locks up under TC

Leak Size Large Med Small

Failur Phehirdmrt. Smafl Leak (w.S Is 3188E405 Larg Leak(wl lSl 2.66E05 O.OOE+00 O.OOE+D0

Smal Loak (wh lSl 2.76E-06 Large Luk (with ISIl: 9.14E407 OOE.0E OC.OOOE+O0

Basis for Failere Pruehlilitr See failure probability worksheet

Commet Based upon ECCS inventory and RWST margin assuned sal value of 2 Upm.

Section 4 Indirect Effects Evaluation

lanirw Efflcta FIS; I CHP-IA: Bounded by direct effect The indirect Mpact atributed to the
segment is not more severe than the direct impact indirect conseqences of the HH1
and LHI piping is also esdto resut indirect consequens of the HHhand LHI
piping is also assd to restit in the unavailability of one charing punmp

Pag 17 &2*VP.-rM
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I A

-

Risk-based Inspection Expert Panel Evaluation Segruent Ranking Worksheet

SEGMENT: HHIW4C PLANT: Surry Unit I

Section 5 Other Considerations

External Evoots Evaloatzis

Seismic: Support ftunction in 2I seismic induced events

rne: None

Floo None

Siutdown Rias Evaluatios: Alernate decay heat removaltprimry if below mid-loop

Importauc to Otbor Accident None
Scenars

Compneent Mainateance nod No history of problems
Operation lnsigits:

Importaiot to Design Basis Analysis: Importnt in lOCAs, tube rupture. main steam line break. boron dilution.,

Other Oeterministic insihts Separated by check vave I-CH-258 from segnent HHI-04A.

and rod ejection.

Risk Cabtuer.

Basi for Risk Cate"oy

Section S Final Risk Category

9 HIGH SAFETY SIGNIFICANT 0 LOW SAFETY SIGNIFICANT

* High head flow interrupted
. Can ariigate with operator action
- Potential intemrconnecton (common cau)sl of all charing pumps

PW is S2s7#zEM4VA
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Risk-based Inspection Expert Penal Evaluotion Segrent Ranking Worksheet

SEGMENT: LHI-004 PLANT: Surry Unit t

Section 1 System and Pipe Segment Identification

System: Low Head Safety Iecton

Sqint Descriptien ContabimentstnMto MOY 1860A.

Drawing Number: 11448-WMKS-1106A7, CBM-089B-3 SH. 1, Rev. 5

Section 2 Risk Ranking Information

FAILURE EFFECTS ON SYSTEM

Without Operator Action: loss of Recrc from UI Train A.

Withl Opertr Action: No dange.

Initiating Evets Impact

Ceataimust Performance Impact

CONDITIONAL TREATMENT, CDF sad LEFF IMPORTANCE MEASURE CALCULATIONS

Trestment: SYS Witimut OA Wth OAC

Cenditiesl Cea Damg Frequency dn to Pressure oandry Failure 5.87E405 5.87E-05

Cenitial Large Early Release Frvqana due to PrlsurB oewdary 2.0OE4O7 2.0E407
Failure

COF nod IMPORTANCE MEASURE CALCULATIONS Wthoat OA With OA

ToetaliSeS ntPrism Bundery FHilureCaerDvmpFrepescy(F 5.59E-11 539E-11
COFcoad) I

CDFpb lspatance RAW 1 94E+0 1.55E+01
Measuare Valin"~

LERF oa IMPORT ANCE MEASURE CALCULATIONS WhetCOA Witb OA

eTdtl Sqnat Preasara Boundary Filuoa Large Early Relese Fneqiy 1.90E.13 1 190E-13
IfPf IERFcand)

Msur Value mportc RAW 1.04E+00 i 1.45E+O0
M nVdRRW 1 | 1

Esprt Panel DniscselComenta

PWge 10 S2l7tlSPM
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SEGMENT: LH140

Risk-based Inspection Export Panel Evaluation Segment Ranking Worksheot

4 PLItT: Surry Unit I

Section 3 Pressure Boundary Failure Probability

I

SeumentEleosatbak Weld 1-15: Drawing 1106A7

F lre Metlanisias Fatigue

Leak Size Large Med Small

Failure ProbabilitY Small Lank we ISM 200E-05 LreLak(wilSlk 1.52E.05 OUOE+OO O.OOE+OO

Small Lenk (with IS t 7.48E-07 large lakIwithISI) 1.17E-07 O.DOE-OO O.DDE+OO

Bau sfor Failure Probabirliy See failure probability worksheet

Cemmeat: Based upon ECCS inventory and RWST margin asned smaD value of 2 gpm Code allowables useL

Section 4 Indirect Effects Evaluation

Iuirect Effects No indirect ikpact.

Section 5 Other Considarations

Eytarsal Events Evaluatioc

Seismic Support function in ail seimec induced events

Rin: None

Floie None

Shetdowu Risk Evaluation: Alternate decay heat removallprimary if below id-loop

Impoauces, to Other Acciaxt None
SCenaieC

Ceupsneut Maintenance sad No history of problems, standby system
Operation Isaights:

Imoprtance to Dsaip Basis Aalyai: Important for large break LOCA

Oth Determiuistic leauirts: None

Section 8 Final Risk Category

RiskCategrr ( HIGH SAFETY SIGNIFICANT (; LOWSAFEIYSIGNIFICANT

Esais fwr Risk Catagary Single containment isolation
extensien of contaimnent sunp

Pip J1 &927132iSPM
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Risk-bssed Impection Expert Panel Evaluation Segment Ranking Workshest

SEGMENT: RC.016 PLANT: Surry Unit 1

Section I Systen and Pipe Segment Identification

Syxua Reactor Coolant

Sapent Description SI from CV 1 SO9 1 to RCS Loop 1 hot leg.

Drawing Nuilr CBM-086A.3 SH. 1. CBM489B-3 SHi. 4. 1 1448WMKS0122H1

Section 2 Risk Ranking Information

FAIIURE EFFECTS ON SYSTEM

Whitat Operator Actien: Large loss of coolant accident
Medium oss of coolant accident
Small lossof coolant accident

With Operator Action: No change.

laitiating Events Impact Large. Medium, or Snall LOCA initiator

Cautainazant Performauce Impact Ether Iate containnt failure or no contatoent failure are aout sqafl liBkely.

CONDITIONAL TREATMENT. CDF mod LERF IMPORTANCE MEASURE CALCULATIONS

Treatment: IE-L W

Treatment: IE-M Withont OA Wth OA

Ceailtieeal Coen Damage Frequency doe to Pressure Beirery Failure 536E 03 5.36E-03

Ceiitil Large Early Rkase Freqency doe to Pressure Boundary 5.53E-06 r 533E-6
Fuilur I

'pop 46 & s742&6SP
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A.

Risk-based Inspction Expert Panel Evaluation Segment Ranking Workshost

SEGMENT: RC4016 PLANT: Surry Unit 1

CDF and IMPORTANCE MEASURE CALCULATIONS

LERF ad IMPORTAICE MEASURE CALCULATIONS WhhletOA IWith CA

TeOal Segment Presse Boundary Fhilure Large Early Release Freip q cy 3.52E-1O 152E-10
IFP ' LER Ftendl

LERFpb lertabs RAW 9.66E+OO 1.02E*02
Measere Vnls RRW 1.00007 1.00079

Expert Pasel DiacisailCemuetsr

Section 3 Pressure Boundary Failure Probability

Segment Elementis: 10 root of welds 108, 2-08; Drawings: 122H1, 122K1

Fielers Metanisamlk Stipingfstrtiflcation. Thmial fatigou

Leak Size Lage Med Small

Faloner Probablrty Small Leak w lSl 5.31E404 LareULawelfS 3.09E404 3.34E.04 3.59E04

Small Usk twitk ISII 1.69E-05 Lae Lekwit ISI): 5.52E-06 6.35E406 7.00E-06

Basis for Feiler Pre"ilt: See failure probability worksheet

Canmeab: LargeLOCA -5001GPM,Me~diuuL0CA - 1501 GPM.SnallLOCA - 100 PIBASIS:LARE
LOCA NUREGICR-4550 PAGES 3-2, 3-3

Section 4 Indirect Effects Evaluatioan

lnterect Effectsr No indirect inart

PWg 47 S7W#2t37PM
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Risk-based Inspection Expert Panel Evaluation Segment Ranking Worksheet

SEGMENT: RC-016 PLAIT: Surry Unit 1

Section 5 Other Considerations

External Events Evalution:

Seismie Contributas about 7% to sman and medium break LOCA seismic COF. Mnimnal
contribution to lare break LOCA seismic COf.

Fire: Not considered a sgnificant contributor to extenal fire events.

tRead Not considered a significant contributor to external flood events

Shutdown Risk Evahlation: Shutdown LOCA less ikelythan atpower LOCA since pressurc reduced.

Importnce to Other Accident None
Scenarie

Camponent Maistenance and Termperature average between 547 and 573 degrees F. at 2235 psig. during normal operation.
Operation lnsights: Chemistry controlled to reduce corrosion potential.

Importsace to Design Bass Analysis: LOCA described in UFSAR chapter 14. Second barrier provided in defsa of fission product release.

Otber Debaminisic lsIht Segment separated by dceck valve l.SI-91 from segment ECCS-005

Section 0 Final Risk Cateory

Risk Cat ahr: HIGH SAFETY SIGNIFICANT LOWSAFETYSIGNIFICANT

Basis br Risk Cateaerr No credit for thermal monitoring.

W S7&?52 6hP
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Risk-Irad Inspection Expert Pmnel Evaluation Segment Ranking Worksheet

SE6MENT: RC-058 PUNT: Surry Unit I

Section 1 System and Pipe Segment Itdntification

ystem Reactor Coolant

egment Descriptieo From block valve 1-RC-MOV.1535 to PORV I-RC-PCV.1456.

rnwigNumber. CBM-086B-3 SH. 1. 11448-WMKS-0124A-1l

Section 2 Risk Ranking Information

FAILURE EFFECTS 01 SYSTEM

Without Operator Acton: Medium loss of coolant accident
Small loss of coolant acddeut

With Operator Action Closure of MOV-1535 te s LOCA, therefore none.

Initiating Events Impact Medium, or Small LOCA initiator

Contaisment Perferance Impact Enhe late containment failure or no containment faiiure are about equally tidy.

ONDIONAL TREATMENT. COF and LERF IMPORTANCE MEASURE CALCULATIONS

I

Treatment: IE-M I WitheutODA With OA

|Com onalo" Coro Damp Fr quesq dom to Presr Barana F iluro 5.36E-03 j O 0EOOE0

Comnitiosal Larp Early Release Frequency dae te Preasure Boundary 5M53E06 O.ooE+Of0

Treatment: IE-S Without OA With OA

Conditional Cere Damage Frequency due to Pressure Boundary Failure 6A1E-04 O.OOE+0O

Coaditietal Lwe Early Releh Frequency due to Pressur Boundary 1.65E-06 O.OOE0OO
hoihre

CDF and IMPORTANCE MEASURE CALCUUTIONS f Withonut OA With OA

Tetl Segment Pressure Boundary Failure Core Damap Frequency (FP ' E84E49 O.OOE+O0
CDFcond)

CDFpb Ilmportance RAW 9.66E+01 1.WOE 00

eRRW 1.00011 1½i

Pt 17 ThW712'4S36PM

o:\4393\VersionA\4393-51.doclb-020599 
B-35

o:\4393\VersionA\439-J-Bl.doc:lb-020599 B-35



Risk-based Inspection Expert Panel Evaluation Segmnt Ranking Worksheet

SEGMENT: RC-058 PLANT: SurM Unit 1

LERF and IMPORTANCE MEASURE CALCULATIONS Without DA With OA

Ttal Sqoent Prsure Boundary Fhilure Large Early Release Frequency 818E.12 O.OOE+0O
(FP LERFced

LERFpb Impartance RAW 2ME+00 1.OCE+DO
Imesasu Values I I1M YRRW _

Expert Panel DiscesimntComments:

Section 3 Pressure Boundary Failure Probability

Segment someutfs: Pipe to Wlei pipe to reducea Drawirgs 0124A I-1

Failure Me ndsl: Fatigue

Leak Size Large Med Small

Failure Prelahdilty SsnF Leak lwle ISII: 4.15E.05 Laree Loek (wlo ISI) OW.O0E+OO 4.56E405 4S6E405

SmalLakI(withISMl 3.20E-05 IargeLeak (witlSl) O.OOE+OO 2.81E-05 28S1E4-5

Basisfar nllurPrehoelblitr. See failure probability worksheet

Coonets Meium LOCA - 150IGPM SmaI LOCA - 100 GPMIBASIS: NUREGICR-4550 PAGES3-2.3-3: 20%
snuober failure probaity used due to large numner of wienbers use valuesInate for no lak
detection Large Leak probabilty should be used, also for mnl lak

Section 4 Indirect Effents Evaluation

Indirect Effec No indirect inwct

pop 172 =7DV2M 3PMM

o:\4393\VersionA\4393-BI.doc:lb-020399 
B-36

o:'\4393\VersionA\4393-Bl.doc:lt)-020599 B-36



U

Risk-bnsed Inspection Expert Panel Evaluation Segment Ranking Worksheet

SEG MEIIT: RC-058 PUAIT: Surry Unit 1

Section 5 Other Considerations

Extorsal Events Envltien:

Seiwic Contributes about 7% to small and medium break LOCA seismic COF. Minimal
contritution to large break LOCA seismic CDF.

Fin: Not considered a significant contributor to nenul fir events.

Rook Not considered a signifkant contributor to exteril flood evnts.

Shutdown Risk Eluatioen Shutdown LOCA less ikely than at power LOCA since pressure reduced.

Importance t Ot*er Accident
Scemies:

Conipemeut Maintenance and
Operation Insights:

Impertance to Design Basis Analysis:

Other Dsetrministic Insights:

None

Temperature average between 547 and 573 degrees F. at 2235 psig. during normal operation.
Chemistry controlled to reduce corrosion potential.

LOCA described in UFSAR chapter 14. Second barrier provided in defende of fission product relase.

None

Section 6 Final Risk Category

RiskCategor)' ( HIGHSAFETYSIGNIFICANT 0 LOWSAFITYSIGNIFICANT

Bais for Risk Cnte grr 3x2 reducer at PCV.1 456 is high stress location ilarge fraction of code allowablel

Ppe 173 ItlS1712.U437PM
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Risk-based Inspection Expert Panel Evaluation Segment Ranking Worksheet

SEGMENT: SW-004 PLANT: Surry Unit 1

Section 1 System and Pipe Segment Identification

System: Semrice Water

Segment Deiplior From 1-SW-P-1A dischare through diesel cooler and shaft beng oil cooler to intake stucr.

Drawing Numnler CBM-071A-3 SH.1

Section 2 Risk Ranking Information

FAILURE EFFECTS ON SYSTEM

Witbmut Operator Action: Loss of putD 1-SW-P-lA

With Opersbtr Action: No changL

Initiating Events Impact

Ceatainmant Perfrmance Impact

CODmOIINAL TREATMENT. CDF and LERF IMPORTANCE MEASURE CALCULATIONS

Treatment: SYS/S Withaut OA With CA

Cm ndteal Con Damage Freqeency des to Pressuer Beoudry Failure 3.69E-04 3.69E-04

Condidtioal Large Early Relas Frequency doa to Pressnre Boendary 9.50E-46 9.5OE-06
Failure _ _ _

Treatment: SYS Withet OA With OA

Caditienal Con Dump Frequency due to Pressur Boundary hilere 3.69E-04 3.69E-04

HC tifel Large Early hle Frq cy te sPreur Boundary 950E-06 9.50E-06
Fail .e

CDF and IMPORTANCE MEASURE CALCULATIONS

"ta Segmant Pressr Beendry Furm Care Damp Feuency IFP '
'CDond)

pae to 57294MM
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Risk-basad Inspection Expert Panal Evaluation Segment Ranking Worksheet

SEGMENT: SW-W4 PLAIT: Surry Unit I

LERF sai IMPORTANCE MEASURE CALCULATIONS I Withoet DA Wik COA

Tol SegestPressure Bomaery Failure Lar Early Ralse Freui 60JE10 r607E10
ffP ' LIERFcood)

LERFpbl mportance RAW 4.67E+O0 4.36E+01

RRW 1.00012 i 1.00136

Expert Panel DiswsareelCesm:

Saction 3 Pressure Boundary Failure Prebability

Segment Elmeat(s) 163L - CLASS PIPE- WELD AT REDUCER ON 2- SIDE

hilu Mechamimb) WastagelPitting

Leak Size Large Med Small

Failure Pruhihlty Small Leak (w/la ISI 1.00E*02 Larp Leak (wis IS11 1.00E-02 0COE+OO O.0E*00

Small Leak (with IS11 100E-02 Large Leak (with ISM1 1.00E-02 O.OOE.OO O .OOE O0

Basi fhr Failure ProbilTit. See failure probability worksheet

Cinweu 1OGPMIBASED UPON 10% OF 2' PIPE FLO*. NO SNUBBERS; FIBERGLASS PIPING FAILURE
PROBABIITY SET AT I X l0E-2 FOR SMALL LEAK AND LARGE LEAK

Section 4 Indirect Effects Evaluation

Iu"rct Effec Lou of SW pumps

PVt# if
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SEC~dNIT SW-cc

Risk-based Inspection Expert Panel Evaluation Segment Ranking Worksheot

14 PLAUXT: SurryUnit 1

Section 5 Other Consideratiors

External Evenats Evaleatien

Seismic: Provides heat sink for seasmic lOCA.

Fire: Not considered a significant contributor to amtal fire ev

FPlood Not considered a significaint contributor to external flood events.

Shutdown Risk Evanlexen: Primary heat sink for decay heat removal during shutdown. Alternate long term decay heat removaL

spertance to Other Accident
Sceneries:

Cenpouent Maintananca and
Operatien Insights.

mpe to Desg asis Aslysiar

Other Deebrmlistic lIsightsr

Provides beat sink for spent fuel pit cooling.

Contains river water fromn James River. Flows only during accident with bss of off site power and
during quarterly punt testing.

Large break LOCA long tern heat removal described in UFSAR chapter 14.

None.

Section o Final Risk Category

Risk Catorr. ( HIGH SAFETY SIGNIFICANT 0 LOWSAFETYSIGNIFICANT

Bais br Risk Cuarr. High CDF wIlA RRN, fiberglass failures experienced at plant

Pft 12 sumvO: F
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APPENDIX C

SAMPLE FAILURE PROBABILITY WORKSHEETS

This appendix contains sample SRRA code input worksheets and the code output for

Millstone 3 and Surry. Supplement 1 discusses the SRRA code and its input and output

parameters in detail.

Millstone 3

The piping segments presented are the same as those in Appendix B. The piping segments are

ECCS-1 (Tables C-1 through C-3), FWS-1 (Tables C-4 through C-6), RCS-7 (Tables C-7 through

C-9), RCS-15 (Tables C-10 through C-12), and SIL-9 (Tables C-13 through C-15). For a given

segment, the input worksheet is shown first, followed by the small leak probability calculation

output then the full break output. For the cases in which 0 failures are predicted, the values in

parentheses on the worksheets are those calculated assuming one half failure in 5000 trails,

corrected for importance sampling.

Note: The failure probability worksheets and results for Millstone 3 are likely to change

because of the modifications made to the SRRA model as described in Supplement 1.

Surrv

The piping segments presented are the same as those in Appendix B. The piping segments are

ECC-03 (Tables C-16 through C-18), FW-12 (Tables C-19 through C-21), LHI-4 (Tables C-22

through C-24), HEI-4C (Tables C-25 through C-27), RC-16 (Tables C-28 through C-30), RC-58

(Tables C-31 through C-33), and SW-04 (Tables C-34 through C-36). Similar to Millstone, the

input worksheet is shown along with the small leak probability calculation output and the large

leak probability calculation.
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Table C-1

ECCS-1

Piping Structural Reliability Estimates for Millstone Unit No. 3

System: ECCS Segment: 1 | Sheet of
P&ID No.: EM-112A, B & 113B Data Point: 165 of X7003B
Pipe Stress Calculation Number: X7003B 831, X10705 PSI/Const. Method: VT-2, PT, UT/Hydro, RT
Piping Stress Isometric No.: SIL-6, 159 & 165 Proposed ISI Method: VT-2, UTF Piping Component/Segment Element (weld, tee, elbow, etc.): Weld at valve V985
No. Input Parameter Description Check Input Choice (for Table 1 Value) Set Value*

1 Type of Piping Material 304 SS 316 SS Carbon Steel
2 Temperature at Pipe Weld Low (150) Medium (350) High (550) 350
3 Nominal Pipe Size Small (2) Medium (5) Large (16) 6
4 Pipe Wall Thickness Thin (.06) Normal (.14) Thick (.22) .12
5 Normal Operating Pressure Low (0.5) Medium (1.3) High (2.1) 2.5
6 Residual Stress Level None (0.0) Moderate (0.1) Maximum-(0.2) .2
7 Initial Flaw Size Small (.05) Medium (.11) Large (.17) .05
8 Steady-State Stress Level Low (.05) Medium (.11) High (.17) .17
9 Stress Corrosion Potential None (0.0) Moderate (0.5) Maximum (1.0) 0
10 Material Wastage Potential None (0.0) Moderate (0.5) Maximum (1.0) 0
11 High Cycle Fatigue Loads None (0.0) Moderate (.08) Maximum (.16) 0
12 Fatigue Transient Loads Low (.10) Medium (.22) High (.34) .28
13 Fatigue Transient Frequency Low (5) Medium (13) High (21) 17
14 Design-Limiting Stress (Break Only) Low (.10) Medium (.26) High (.42) .22
15 Optional Crack Inspection Interval Low (6) Medium (10) High (14) 10
16 Optional crack Inspection Accuracy High (.16) Medium (.24) Low (.32) .24

*For optional numeric input, use a value (and associated units) from the standard range given in Table 1.
Small Leak Probability, No ISI: 0 (6.4E-09) Optional Leak Probability With ISI: 0 (6.4E-09)
Full Break Probability, No ISI: 0 (2.3r.3-12) jOptional Break Probability With ISI: 0 (2.3E-12)
Comments: Valve is located on branch line within 2 ft. of run pipe connection. Many nearby branch line snubbers exist which potentially may
lockup causing break potential.

-- %4i ir j m rw n--f
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Table C-2

ECCS-1 SMALL LEAK PROBABILITY

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
WESTINGHOUSE PROBABILITY OF FAILURE PROGRAM SPFMPROF ESBU-NTD

INPUT VARIABLES FOR CASE 34: 316 STAINLESS STEEL PIPE WELD LEAK

NCYCLE =
NOVARS =
NUMSSC =

40
29

7

NFAILS =
NUMSET =
NUMTRC =

1000
6
7

NTRIAL
NUMISI
NUMFMD

5000
5
4

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

PIPE-DIA
WALL/DIA
SRESIDUAL
INT%DEPTH
L/D-RATIO
PROB/VOL
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/CY
PRESSURE
STRESS -SS
SCC-COEFF
SCC-EXPNT
SCC-TIMEI
ECW-RATE
NOFTRS/HR
STRESS-FT
NOSTRS/CY
STRESS-ST
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LIMIT-DSL
LIMIT-PBS
STRESS-DL
FREQ-DLTR

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL NO
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
NORMAL YES
- CONSTANT -
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
NORMAL NO
- CONSTANT -
- CONSTANT -
- CONSTANT -

6.0000D+00
1.1000D-01
1.2357D+01
5.0000D+00
6.0000D+00
1.000OD-04
5.0000D+00
1.0000D+01
1.0000D-03

-4.8000D-01
1.6000D+00
7.4473D+03
2.5000D+00
1.0503D+01
3.2310D-12
2.1610D+00
1.0000D+00
1.2740D-11
6.0000D+01
6.1783D-02
1.5000D+01
1.7917D+01
9.1401D-12
4.0000D+00
4.6000D+00
-9.7000D-01
0.OOOOD+00
0.0000D+00
0.0000D+00

3.0000D-02
3.3000D-03
1.4125D+00
1.4125D+00
1.4125D+00

1.0500D+00
1.5000D-02
1.2589D+00
2.3714D+00

2.3714D+00

1.4125D+00

1.2589D+00
2.8508D+00

1.0000D-02

.00 1

.00 2
1.00 3
1.00 4
1.00 5

6
1
2
3
4
5

1.00 1
.00 2
.00 3

1.00 4
5
6

.00 7
1

.00 2
3

.00 4
1.00 5

6
7

.00 1
2
3
4

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
FMD
FMD

FMD

PROBABILITIES OF FAILURE MODE: EXCEED LIMITING DEPTH FOR SMALL LEAK

NUMBER FAILED = 0 NUMBER OF TRIALS = 5000

END OF
CYCLE

FAILURE PROBABILITY WITHOUT AND WITH IN-SERVICE INSPECTION
FOR PERIOD CUM. TOTAL FOR PERIOD CUM. TOTAL

.0
40.0

6.37720D-09
0.OOOOOD+00

6.37720D-09
6.37720D-09

6.37720D-09
0.00000D+00

6.37720D-09
6.37720D-09
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Table C-3

ECCS-1 FULL BREAK PROBABILITY

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
WESTINGHOUSE PROBABILITY OF FAILURE PROGRAM SPFMPROF ESBU.-NTD

INPUT VARIABLES FOR CASE 35: 316 STAINLESS STEEL PIPE WELD BREAK

NCYCLE
NOVARS
NUMSSC

40
29
7

NFAILS = 1000
NUMSET = 6
NUMTRC = 7

NTRIAL
NUMISI
NUMFMD

5000
5
4

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

PIPE-DIA
WALL/DIA
SRESIDUAL
INT%DEPTH
L/D-RATIO
PROB/VOL
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/CY
PRESSURE
STRESS-SS
SCC-COEFF
SCC -EXPNT
SCC-TIMEI
ECW-RATE
NOFTRS/HR
STRESS-FT
NOSTRS/CY
STRESS-ST
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LIMIT-DSL
LIMIT-PBS
STRESS-DL
FREQ-DLTR

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -

NORMAL YES
NORMAL NO
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
NORMAL YES
- CONSTANT -
NORMAL YES
- CONSTANT -

NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL NO
NORMAL YES
- CONSTANT -

6.OOOOD+00
1.1000D-01
1.2357D+01
5.OOOOD+00
6.OOOOD+00
1.0000D-04
5.0000D+00
1.0000D+01
1.0000D-03
-4.800OD-01
1.6000D+00
7.4473D+03
2.5000D+00
1.0503D+01
3.2310D-12
2.1610D+00
1.0000D+00
1.274OD-ll
6.OOOOD+01
6.1783D-02
1.5000D+01
1.7917D+01
9.1401D-12
4.OOOOD+00
4.6000D+00
0.OOOOD+00
6.1783D+01
1.4210D+01
1.OOOOD-03

3.OOOOD-02
3.3000D-03
1.4125D+00
1.4125D+00
1.4125D+00

1.0500D+00
1.5000D-02
1.2589D+00
2.3714D+00

2.3714D+00

1. 4125D+00

1.2589D+00
2.8508D+00

3.2000D+00
1.4125D+00

.00 1

.00 2
1.00 3
1.00 4
1.00 5

6
1
2
3
4
5

1.00 1
.00 2
.00 3

1.00 4
5
6

.00 7
1

.00 2
3

.00 4
1.00 5

6
7
1

-1.00 2
1.00 3

4

SET
SET
SET
SET
SET
SET
ISI
151
ISI
ISI
ISI
SSC
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
TRC

FMD

FMD

FMD
FMD

PROBABILITIES OF FAILURE MODE: EXCEED FLOW STRESS LIMIT FOR FULL BREAK

NUMBER FAILED = 0 NUMBER OF TRIALS = 5000

END OF
CYCLE

FAILURE PROBABILITY WITHOUT AND WITH IN-SERVICE INSPECTION
FOR PERIOD CUM. TOTAL FOR PERIOD CUM. TOTAL

.0
40.0

2.34604D-12
0.OOOOOD+00

2.34604D-12
2.34604D-12

2.34604D-12
O.OOOOOD+00

2.34604D-12
2.34604D-12
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Table C-4
FWS-1

Piping Structural Reliability Estimates for Millstone Unit No. 3

System: FWS Segment: 1 Sheet of
P&ID No.: EM-130C Data Point: 410
Pipe Stress Calculation Number: X1709 PSI/Const. Method: VT-2/Hydro, RT
Piping Stress Isometric No.: C.I. FWS-11 Proposed ISI Method: VT-2, UT
Piping Component/Segment Element (weld, tee, elbow, etc.): Pipe to valve (V14) weld
No. Input Parameter Description Check Input Choice (for Table 1 Value) Set Value*

1 Type of Piping Material 304 SS 316 SS Carbon Steel l

2 Temperature at Pipe Weld Low (150) Medium (350) High (550) 446
3 Nominal Pipe Size Small (2) Medium (5) Large (16) 18
4 Pipe Wall Thickness Thin (.06) Normal (.14) Thick (.22) .06
5 Normal Operating Pressure Low (0.5) Medium (1.3) High (2.1) 1.8
6 Residual Stress Level None (0.0) Moderate (0.1) Maximum (0.2) 0.1
7 Initial Flaw Size Small (.05) Medium (.11) Large (.17) .05
8 Steady-State Stress Level Low (.05) Medium (.11) High (.17) .08
9 Stress Corrosion Potential None (0.0) Moderate (0.5) Maximum (1.0) 0
10 Material Wastage Potential None (0.0) Moderate (0.5) Maximum (1.0) 0.5
11 1-igh Cycle Fatigue Loads None (0.0) Moderate (.08) Maximum (.16) 0
12 Fatigue Transient Loads Low (.10) Medium (.22) High (.34) 0.1
13 Fatigue Transient Frequency Low (5) Medium (13) High (21) 13
14 Design-Limiting Stress (Break Only) Low (.10) Medium (.26) 1igh (.42) .16
15 Optional Crack Inspection Interval Low (6) Medium (10) High (14) 10
16 Optional crack Inspection Accuracy High (.16) Medium (.24) Low (.32) .24

'For optional numeric input, use a value (and associated units) from the standard range given in Table 1.
Small Leak Probability, No ISI: 1.091i-3 Optional Leak Probability With IS[: 6.21 E-06
Full Break Probability, No ISI: 0 (3.513-11) Optional Break Probability With ISI: 0 (3.5E-1 1)
Comments: Break exclusion zone. No EC trending, LOC 040.016 US.
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I m

Table C-5

FWS-1 SMALL LEAK PROBABILITY

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
PROBABILITY OF FAILURE PROGRAM SPFMPROFWESTINGHOUSE ESBU -rNTD

INPUT VARIABLES FOR CASE

NCYCLE =
NOVARS =
NUMSSC =

40
29
7

2: CARBON STEEL PIPE WELD SMALL LEAK

NFAILS = 1000 NTRIAL = 5000
NUMSET = 6 NUMISI = 5
NUMTRC = 7 NUMFMD - 4

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SIHIFT USAGE
MV/SD NO. SUB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

PIPE-DIA
WALL/DIA
SRESIDUAL
INT%DEPTH
L/D-RATIO
PROB/VOL
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/CY
PRESSURE
STRESS-SS
SCC-COEFF
SCC- EXPNT
SCC-TIMEI
ECW-RATE
NOFTRS/HR
STRESS-FT
NOSTRS/CY
STRESS-ST
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LIMIT-DSL
LIMIT-PBS
STRESS-DL
FREQ-DLTR

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL NO
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
NORMAL YES
- CONSTANT -
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
NORMAL NO
- CONSTANT -
- CONSTANT -
- CONSTANT -

1.8000D+01
6.OOOOD-02
6.4337D+00
5.0000D+00
6.OOOOD+00
1.0000D-04
5.0000D+00
1. OOOOD+01
5.OOOOD-03

-2.4000D-01
3.0000D+00
7.4473D+03
1.8000D+00
5.1470D+00
3.5900D-13
2.1610D+00
1.0000D+00
6.3700D-07
6.OOOOD+01
6.4337D-02
1.3000D+01
6.4337D+00
1.2017D-11
3.7000D+00
3.5000D+00

-9.7000D-01
0.OOOOD+00
O.OOOOD+00
0.OOOOD+00

9.OOOOD-02
1.8000D-03
1.4125D+00
1.4125D+00
1.4125D+00

1.0500D+00
1.5000D-02
1.2589D+00
2.3714D+00

2.3714D+00

1. 4125D+00

1.2589D+00
2.8508D+00

1.OOOOD-02

.00 1

.00 2
.00 3

1.00 4
1.00 5

6
1
2
3
4
5

1.00 1
.00 2
.00 3
.00 4

5
6

.00 7
1

.00 2
3

1.00 4
1.00 5

6
7

.00 1
2
3
4

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
FMD
FMD
FMD
FMD

PROBABILITIES OF FAILURE MODE: EXCEED LIMITING DEPTH FOR SMALL LEAK

NUMBER FAILED = 316 NUMBER OF TRIALS = 5000

END OF
CYCLE

FAILURE PROBABILITY WITHOUT AND WITH IN-SERVICE INSPECTION
FOR PERIOD CUM. TOTAL FOR PERIOD CUM. TOTAL

6.0
7.0
8.0
9.0

10.0
11.0

1.41843D-08
8.24432D-07
4.48267D-07
1.86245D-05
1.62683D-07
2.59319D-05

1.41843D-08
8.38616D-07
1.28688D-06
1.99114D-05
2.00740D-05
4.60059D-05

7.09612D-11
4.3459OD-09
2.25107D-09
5.15727D-07
1.18905D-09
9. 03992D-07

7.09612D-11
4.41686D-09
6.66793D-09
5.22395D-07
5.23584D-07
1.42758D-06
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Table C-5 (cont.)

FWS-1 SMALL LEAK PROBABILITY

12.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0

8.95441D-07
3.21027D-06
2.74723D-08
2.95454D-06
1.58686D-05
5.31092D-07
6.22227D-05
1.34045D-05
8.13526D-06
6.98358D-06
1.05365D-04
1.05498D-04
8.28412D-05
1.63160D-05
2.23614D-04
1.09478D-04
1.08010D-05
1.78803D-05
4.47131D-06
7.85007D-05
9.77842D-06
1.75473D-05
2.58613D-05
3.97057D-05
4.21448D-05
7.24170D-06
1.53097D-05
1.44083D-05

4.69014D-05
5.01116D-05
5.01391D-05
5.30936D-05
6.89622D-05
6.94933D-05
1.31716D-04
1.45121D-04
1.53256D-04
1.60239D-04
2.65604D-04
3.71102D-04
4.53943D-04
4.70259D-04
6.93873D-04
8.03351D-04
8.14152D-04
8.32032D-04
8.36503D-04
9.15004D-04
9.24782D-04
9.4233OD-04
9.68191D-04
1.00790D-03
1.05004D-03
1.05728D-03
1.07259D-03
1.0870OD-03

3.93405D-08
1.22563D-06
6.15578D-09
6.75335D-09
5.10427D-08
1.32861D-09
1.89205D-07
1.82564D-08
2.86175D-08
4.41429D-08
1.05385D-06
4.55720D-07
1.51379D-06
7.16360D-10
3.49592D-08
2.32728D-08
9.21074D-10
3.64537D-09
9.58423D-10
4.43658D-08
4.7473OD-09
1.57386D-08
1.96033D-08
2.22109D-10
1.58531D-10
5.41483D-11
1.93248D-10
2.48961D-10

1.46692D-06
2.69255D-06
2.69871D-06
2.70546D-06
2.75650D-06
2.75783D-06
2.94704D-06
2.96529D-06
2.99391D-06
3.03805D-06
4.0919OD-06
4.54762D-06
6.06141D-06
6.06212D-06
6.09708D-06
6.12036D-06
6.12128D-06
6.12492D-06
6.12588D-06
6.17025D-06
6.17499D-06
6.19073D-06
6.21034D-06
6.21056D-06
6.21072D-06
6.21077D-06
6.21096D-06
6.21121D-06

DEVIATION ON CUMULATIVE TOTALS = 5.91907D-05 4.62194D-06
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Table C-6

FWS-1 FULL BREAK PROBABILITY

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
PROBABILITY OF FAILURE PROGRAM SPFMPROFWESTINGHOUSE ESBU -NTD

INPUT VARIABLES FOR CASE

NCYCLE =
NOVARS =
NUMSSC =

40
29
7

3: CARBON STEEL PIPE WELD FULL BREAK

NFAILS = 1000 NTRIAL = 5000
NUMSET = 6 NUMISI = 5
NUMTRC = 7 NUMFMD = 4

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

I
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

PIPE-DIA
WALL/DIA
SRESIDUAL
INT%DEPTH
L/D-RATIO
PROB/VOL
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/CY
PRESSURE
STRESS-SS
SCC-COEFF
SCC-EXPNT
SCC-TIMEI
ECW-RATE
NOFTRS/HR
STRESS-FT
NOSTRS/CY
STRESS-ST
FCG-COEFF
-CG-EXPNT

FCG-THOLD
LIMIT-DSL
LIMIT-PBS
STRESS-DL
FREQ-DLTR

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL NO
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
NORMAL YES
- CONSTANT -
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL NO
NORMAL YES
- CONSTANT -

1. 8000D+01
6.OOOOD-02
6.4337D+00
5.OOOOD+00
6.00OOD+00
1.00O0D-04
5.OOOOD+00
1. OOOOD+01
5.0000D-03
-2.4000D-01
3.OOOOD+00
7.4473D+03
1.8000D+00
5.1470D+00
3.5900D-13
2.1610D+00
1.0000D+00
6.370OD-07
6.OOOOD+01
6.4337D-02
1.3000D+01
6 .4a371)+00
1 § 2U.7UD- 11
3 .700QD+00
3.5000D+00
0.OOOOD+00
6.4337D+01
1. 0294D+01
1.0000D-03

9.OOOOD-02
1.8000D-03
1.4125D+00
1.4125D+00
1. 4125D+00

1.0500D+00
1.5000D-02
1.2589D+00
2.3714D+00

2.3714D+00

1.4125D+00

.1-_2589D+00
2.8508D+00

3.2000D+00
1.4125D+00

.00 1

.00 2
.00 3

1.00 4
1.00 5

6
1
2
3
4
5

1.00 1
.00 2
.00 3
.00 4

5
6

.00 7
1

.00 2
3

1.00 4
1.00 5

6
7
1

-1.00 2
1.00 3

4

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
FMD
FMD
FMD
FMD

PROBABILITIES OF FAILURE MODE: EXCEED FLOW STRESS LIMIT FOR FULL BREAK

NUMBER FAILED = 0 NUMBER OF TRIALS = 5000

END OF
CYCLE

FAILURE PROBABILITY WITHOUT AND WITH IN-SERVICE INSPECTION
FOR PERIOD CUM. TOTAL FOR PERIOD CUM. TOTAL

.0
40.0

3.50552D-11
0.OOOOOD+00

3.50552D-11
3.50552D-11

3.50552D-11
0.OOOOOD+00

3.50552D-11
3.50552D-11
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Table C-7

RCS-7

ripi,.g Structural Reliability Estimates for Millstone Unit No. 3

System: Reactor Coolant System Segment: RCS-7 Sheet of
P&ID No.: 12179-EM-102A R10 Data Point: 1021

Pipe Stress Calculation Number: X7001B PSI/Const. Method: VT-2, PT, UT/Hydro, PT,RT

Piping Stress Isometric No.: IProposed ISI Method: VT-2, ur
Piping Component/Segment Element (weld, tee, elbow, etc.): lPipe weld at conn RCI,

No. Input Parameter Description Check Input Choice (for Table 1 Value) Set Value*
1 Type of Piping Material 304SS 316 SS Carbon Steel ---
2 Temperature at Pipe Weld Low (150) Medium (350) High (550) 600

3 Nominal Pipe Size Small (2) Medium (5) Large (16) 10
4 Pipe Wall Thickness Thin (.06) Normal (.14) Thick (.22) .1
5 Normal Operating Pressure Low (0.5) Medium (1.3) High (2.1) 2.5
6 |Residual Stress Level None (0.0) Moderate (0.1) Maximum (0.2) .2
7 Initial Flaw Size Small (.05) Medium (.11) Large (.17) .05
8 Steady-State Stress Level Low (.05) Medium (.11) High (.17) .14

9 Stress Corrosion Potential None (0.0) Moderate (0.5) Maximum (1.0) 0
10 Material Wastage Potential None (0.0) Moderate (0.5) Maximum (1.0) 0
11 High Cycle Fatigue Loads None (0.0) Moderate (.08) Maximum (.16) .08

12 Fatigue Transient Loads Low (.10) Medium (.22) High (.34) .25
13 Fatigue Transient Frequency Low (5) Medium (13) High (21) 5
14 Design-Limiting Stress (Break Only) Low (.10) Medium (.26) High (.42) .22
15 Optional Crack Inspection Interval Low (6) Medium (10) High (14) 10
16 Optional crack Inspection Accuracy High (.16) Medium (.24) Low (.32) .24

*For optional numeric input, use a value (and associated units) from the standard range given in Table 1.
Small Leak IProbability, No ISI: 1.8513-06 | Optional Leak Probability With ISI: 1.3013-06
Full Break Probability, No ISI: 4.15E-09 Optional Break Probability With ISI: 3.4413-09

Comments: High usage factor. Branch is on Fatigue watch list.
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Table C-8

RCS-7 SMALL LEAK PROBABILITY

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
PROBABILITY OF FAILURE PROGRAM SPFMPROFWESTINGHOUSE ESBU.-NTD

INPUT VARIABLES FOR CASE 53: 316 STAINLESS STEEL PIPE WELD LEAK

NCYCLE =
NOVARS =
NUMSSC =

40
29
7

NFAILS = 1000
NU1SET = 6
NUMTRC = 7

NTRIAL
NUMISI
NUMFMD

5000
5
4

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

1
2
3
4
5
6
7
8
9
10
11
12
13
14
i5
16
17
18
19
20
21
22
23
24
25
26
27
28
29

PIPE-DIA
WALL/DIA
SRESIDUAL
INT%DEPTH
L/D-RATIO
PROB/VOL
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/CY
PRESSURE
STRESS-SS
SCC-COEFF
SCC-EXPNT
SCC-TIMEI
ECW-RATE
NOFTRS/HR
STRESS-FT
NOSTRSICY
STRESS-ST
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LIMIT-DSL
LIMIT-PBS
STRESS-DL
FREQ-DLTR

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL NO
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
NORMAL YES
- CONSTANT -
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
NORMAL NO
- CONSTANT -
- CONSTANT -
- CONSTANT -

1.OOOOD+01
9.OOOOD-02
1.0318D+01
5.0000D+00
6.OOOOD+00
1.0000D-04
5.0000D+00
1.OOOOD+01
1.OOOOD-03

-4.8000D-01
1.6000D+00
7.4473D+03
2.7000D+00
7.7003D+00
3.2310D-12
2.1610D+00
1.0000D+00
1.2740D-11
6.OOOOD+01
4.1068D+00
5.0000D+00
1.2834D+01
9.1401D-12
4.OOOOD+00
4.6000D+00

-9.7000D-01
0.OOOOD+00
0.OOOOD+00
0.OOOOD+00

5.OOOOD-02
2.7000D-03
1.4125D+00
1. 4125D+00
1.4125D+00

1.0500D+00
1.5000D-02
1.2589D+00
2.3714D+00

2.3714D+00

1.4125D+00

1.2589D+00
2.8508D+00

1.OOOOD-02

.00 2

.00 2
1.00 3
1.00 4
1.00 5

6
1
2
3
4
5

1.00 1
.00 2
.00 3

1.00 4
5
6

.00 7
1

.00 2
3

.00 4
1.00 5

6
7

.00 1
2
3
4

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSc
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
FMD
FMD
FMD
FMD

PROBABILITIES OF FAILURE MODE: EXCEED LIMITING DEPTH FOR SMALL LEAK

NUMBER FAILED = 38 NUMBER OF TRIALS = 5000

END OF
CYCLE

FAILURE PROBABILITY WITHOUT AND WITH IN-SERVICE INSPECTION
FOR PERIOD CUM. TOTAL FOR PERIOD CUM. TOTAL

2.0
3.0
4.0
5.0
6.0
7.0

8.94271D-10
1.01876D-08
5.04658D-08
9.95457D-08
3.65580D-08
1.34157D-09

8.94271D-10
1.10818D-08
6.15476D-08
1.61093D-07
1.97651D-07
1.98993D-07

8.94271D-10
1.01876D-08
5.04658D-08
9.95457D-08
7.38916D-09
8.06409D-10

8.94271D-10
1.10818D-08
6.15476D-08
1.61093D-07
1.68482D-07
1.69289D-07

o:\4393\VersionA\4393-Cl.doclb-020599 C-10



Table C-8 (cont.)

RCS-7 SMALL LEAK PROBABILITY

8.0
9.0

10.0
11.0
12.0
14.0
18.0
19.0
21.0
26.0
28.0
35.0
36.0
40.0

2.70362D-09
2.09142D-10
4.51808D-07
2.28950D-07
1.13720D-08
5.01018D-08
3.38555D-08
1.49986D-09
5.88162D-09
3.87838D-07
2.32675D-08
3.64726D-07
8.99882D-08
0.00000D+00

2.01697D-07
2.01906D-07
6.53714D-07
8.82664D-07
8.94036D-07
9.44137D-07
9.77993D-07
9.79493D-07
9.85374D-07
1.37321D-06
1.39648D-06
1.76121D-06
1.85119D-06
1.85119D-06

2.26866D-09
1.21163D-10
4.44936D-07
2.25890D-07
1.11866D-08
4.95022D-08
1.21196D-08
8.09079D-10
4.88857D-09
7.42869D-08
2.60714D-09
2.94839D-07
4.59765D-09
0.OOOOOD+00

1.71558D-07
1.71679D-07
6.16614D-07
8.42504D-07
8.53691D-07
9.03193D-07
9.15312D-07
9.16122D-07
9.21010D-07
9.95297D-07
9.97904D-07
1.29274D-06
1.29734D-06
1.29734D-06

DEVIATION ON CUMULATIVE TOTALS = 2.99190D-07 2.50752D-07
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Table C-9

RCS-7 FULL BREAK PROBABILITY

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
PROBABILITY OF FAILURE PROGRAM SPFMPROFWESTINGHOUSE -SBU.-NTD

INPUT VARIABLES FOR CASE 54: 316 STAINLESS STEEL PIPE WELD BREAK

NCYCLE =
NOVARS =
NUMSSC =

40
29

7

NFAILS =
NUMSET =
NUMTRC =

1000
6
7

NTRIAL
NUMISI
NUMFMD

5000
5
4

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

PIPE-DIA
WfALL/DIA
SRESIDUAL
INT%DEPTH
L/D-RATIO
PROB/VOL
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/CY
PRESSURE
STRESS-SS
SCC-COEFF
SCC-EXPNT
SCC-TIMEI
ECW-RATE
NOFTRS/HR
STRESS-FT
NOSTRS/CY
STRESS-ST
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LIMIT-DSL
LIMIT-PBS
STRESS-DL
FREQ-DLTR

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL NO
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
NORMAL YES
- CONSTANT -
NORM1AL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL NO
NORMAL YES
- CONSTANT -

1.OOOOD+01
9.OOOOD-02
1.0318D+01
5.OOOOD+00
6.OOOOD+00
1.OOOOD-04
5.OOOOD+00
1.OOOOD+01
1.OOOOD-03

-4.8000D-01
1.6000D+00
7.4473D+03
2.7000rD-00
7.70 -

3.2_
2.1 -

1.00 3).Qo
1.2740D-11
6. OOOOD+01
4.1068D+00
5.OOOOD+00
1.2834D+01
9.1401D-12
4.OOOOD+00
4.6000D+00
0.OOOOD+00
5.1336D+01
1.1807D+01
1.OOOOD-03

5.0000D-02
2.7000D-03
1.4125D+00
1.4125D+00
1.4125D+00

1.0500D+00
1.5000D-02
1.2589D+00
2.3714D+00

2.3714D+00

1.4125D+00

1.2589D+00
2.8508D+00

3.2000D+00
1.4125D+00

.00 1

.00 2
1.00 3
1.00 4
1.00 5

6
1
2
3
4
5

1.00 1
.00 2
.00 3

1.00 4
5
6

.00 7
1

.00 2
3

.00 4
1.00 5

6
7
1

-1. 00 2
1.00 3

4

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
FMD

FMD
FMD

PROBABILITIES OF FAILURE MODE: EXCEED FLOW STRESS LIMIT FOR FULL BREAK

NUMBER FAILED = 40

FAILURE PROBABILITY WITHOUT
FOR PERIOD CUM. TOTAL

NUMBER OF TRIALS = 5000

AND WITH IN-SERVICE INSPECTION
FOR PERIOD CUM. TOTAL

END OF
CYCLE

3.0
4.0
5.0
6.0
7.0
8.0

3.32838D-12
4.56267D-14
1.11528D-09
1.80913D-12
5.08248D-10
8.65115D-13

3.32838D-12
3.37400D-12
1.11865D-09
1.12046D-09
1.62871D-09
1.62957D-09

3.32838D-12
4.56267D-14
1.11528D-09
8.92447D-14
1.35968D-10
2.01630D-13

3.32838D-12
3.37400D-12
1.11865D-09
1.11874D-09
1.25471D-09
1.25491D-09
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Table C-9 (cont.)

RCS-7 FULL BREAK PROBABILITY

9.0
10.0
11.0
13.0
14.0
15.0
17.0
19.0
20.0
22.0
24.0
26.0
30.0
40.0

3.43633D-12
1.16420D-11
3.90819D-10
9.94750D-11
1.13095D-12
2.06633D-12
1.40478D-12
3.61956D-11
2.13062D-11
3.36388D-12
1.90910D-09
3.11303D-1l
8.01516D-12
0.0OOOOD+00

1.63301D-09
1.64465D-09
2.03547D-09
2.13495D-09
2.13608D-09
2.13814D-09
2.13955D-09
2.17574D-09
2.19705D-09
2.20041D-09
4.10951D-09
4.14064D-09
4.14866D-09
4.14866D-09

2.85746D-12
9.38850D-12
3.83862D-10
9.90966D-11
1.00875D-12
2.05977D-12
6.68420D-14
8.23173D-12
8.09302D-12
1.92871D-12
1.66636D-09
1.30261D-12
1.98107D-12
0.OOOOOD+00

1.25777D-09
1.26716D-Q9
1.65102D-09
1.75011D-09
1.75112D-09
1.75318D-09
1.75325D-09
1.76148D-09
1.76957D-09
1.77150D-09
3.43786D-09
3.43917D-09
3.44115D-09
3.44115D-09

DEVIATION ON CUMULATIVE TOTALS = 6.53396D-10 5.95488D-10
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Table C-10

RCS-15

Piping Structural Reliability Estimates for Millstone Unit No. 3

System: Reactor Coolant System Segment: RCS-15 | Sheet of
P&ID No.: 12179-EM-102D R4 Data I'oint: 530
Pipe Stress Calculation Number: X10702 PSI/Const. Method: VT-2, PT/Hydro, PT, RT
Piping Stress Isometric No.: Proposed ISI Method: VT-2, RT
Piping Component/Segment Element (weld, tee, elbow, etc.): Weld to V70
No. Input Parameter Description Check Input Choice (for Table 1 Value) Set Value"

1 Type of Piping Material 304 SS 316 SS Carbon Steel
2 Temperature at Pipe Weld Low (150) Medium (350) High (550) 600
3 Nominal Pipe Size Small (2) Medium (5) Large (16) 1.5
4 Pipe Wall Thickness Thin (.06) Normal (.14) Thick (.22) .14
5 Normal Operating Pressure Lowv (0.5) Medium (1.3) High (2.1) 2.5
6 Residual Stress Level None (0.0) Moderate (0.1) Maximum (0.2) .2
7 Initial Flaw Size Small (.05) Medium (.11) Large (.17) .05
8 Steady-State Stress Level Low (.05) Medium (.11) High (.17) .11
9 Stress Corrosion Potential None (0.0) Moderate (0.5) Maximum (1.0) 0
10 Material Wastage Potential None (0.0) Moderate (0.5) Maximum (1.0) 0
11 High Cycle Fatigue Loads None (0.0) Moderate (.08) Maximum (.16) 0
12 Fatigue Transient Loads Low (.10) Medium (.22) High (.34) .16
13 Fatigue Transient Frequency Low (5) Medium (13) High (21) 5
14 Design-Limiting Stress (Break Only) Low (.10) Medium (.26) High (.42) .22
15 Optional Crack Inspection Interval Low (6) Medium (10) High (14) 10
16 Optional crack Inspection Accuracy High (.16) Medium (.24) Low (.32).16

NFor optional numeric input, use a value (and associated units) from the standard range given in Table 1.
Small Leak Probability, No ISI: 0 (1.7E-10) Optional Leak Probability With ISI: 0 (1.7E-10)
Full Break Probability, No ISI: 1.47E-12 Optional Break Probability With ISI: 1.47E-12
Comments: Area of maximum bending stress. SR el at 535/540 & tee at 550 are on fatigue watch list.
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Table C-11

RCS-15 SMALL LEAK PROBABILITY

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
WESTINGHOUSE PROBABILITY OF FAILURE PROGRAM SPFMPROF ESBU.-NTD

INPUT VARIABLES FOR CASE 67: 316 STAINLESS STEEL PIPE WELD LEAK

NCYCLE =
NOVARS =
NUMSSC =

40
29
7

NFAILS =
NUMSET =
NUMTRC =

1000
6
7

NTRIAL
NUMISI
NUMFMD

5000
5
4

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

1
2
3
4

566
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

PIPE-DIA
WALL/DIA
SRESIDUAL
INT%DEPTH
L/D-RATIO
PROB/VOL
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/CY
PRESSURE
STRESS-SS
SCC-COEFF
SCC-EXPNT
SCC-TIMEI
ECW-RATE
NOFTRS/.HR
STRESS-FT
NOSTRS/CY
STRESS-ST
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LIMIT-DSL
LIMIT-PBS
STRESS-DL
FREQ-DLTR

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL NO
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
NORMAL YES
- CONSTANT -
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
NORMAL NO
- CONSTANT -
- CONSTANT -
- CONSTANT -

1.5000D+00
1.500OD-01
1.0318D+01
5.0000D+00
6.OOOOD+00
1.0000D-04
5.0000D+O0
1.0000D+01
1.0000D-03

-3.2000D-01
1.6000D+00
7.4473D+03
2.7250D+00
5.6469D+00
3.2310D-12
2.1610D+O0
1.OOOOD+00
1.2740D-11
6.0000D+01
5.1336D-02
5.0000D+O0
8.7271D+00
9.1401D-12
4.0000D+00
4.6000D+00

-9.7000D-01
0.000OD+00
0.OOOOD+00
0.OOOOD+00

7.5000D-03
4.5000D-03
1.4125D+00
1.4125D+00
1.4125D+00

1.0500D+00
1.5000D-02
1.2589D+00
2.3714D+00

2.3714D+00

1.4125D+00

1.2589D+00
2.8508D+00

1.OOOOD-02

.00 1

.00 2
1.00 3
1.00 4
1.00 5

6
1
2
3
4
5

1.00 1
.00 2
.00 3

1.00 4
5
6

.00 7
1

.00 2
3

.00 4
1.00 5

6
7

.00 1
2
3
4

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
FMD
FMD
FMD
FKD

PROBABILITIES OF FAILURE MODE: EXCEED LIMITING DEPTH FOR SMALL LEAR

NUMBER FAILED = 0 NUMBER OF TRIALS = 5000

END OF
CYCLE

FAILURE PROBABILITY WITHOUT AND WITH IN-SERVICE INSPECTION
FOR PERIOD CUM. TOTAL FOR PERIOD CUM. TOTAL

.0
40.0

1.66284D-10
0.OOOOOD+00

1.66284D-10
1.66284D-10

1.66284D-10
0.OOOOOD+00

1.66284D-10
1.66284D-10
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Table C-12

RCS-15 FULL BREAK PROBABILITY

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
WESTINGHOUSE PROBABILITY OF FAILURE PROGRAM SPFMPROF ESBU.-NTD

INPUT VARIABLES FOR CASE 68: 316 STAINLESS STEEL PIPE WELD BREAK

NCYCLE
NOVARS
NUMSSC

40
29

7

NFAILS = 1000
NUMSET = 6
NUMTRC = 7

NTRIAL
NumISI
NUMFMD

5000
5
4

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

PIPE-DIA
WALL/DIA
SRESIDUAL
INT%DEPTH
L/D-RATIO
PROB/VOL
FIRST- ISI
-REQ-ISI

EPST-PND
ASTAR- PND
ANUU-PND
HOURS/CY
PRESSURE
STRESS -SS
SCC-COEFF
SCC-EXPNT
SCC-TIMEI
ECW-RATE
NOFTRS / HR
STRESS - FT
NOSTRS /CY
STRESS - ST
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LIMIT-DSL
LIMIT-PBS
STRESS-DL
FREQ-DLTR

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL NO
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
NORMAL YES
- CONSTANT -
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL NO
NORMAL YES
- CONSTANT -

1.5000D+00
1. SOOOD-01
1. 0318D+01
5.OOOOD+00
6.OOOOD+00
1.0000D-04
5.0000D+00
1. OOOOD+01
1.OOOOD-03

-3.2000D-01
1.6000D+00
7.4473D+03
2.7250D+00
5.6469D+00
3.2310D-12
2.1610D+00
1.0000D+00
1.274OD-11
6.OOOOD+01
5.1336D-02
5.0000D+00
8.7271D+00
9.1401D-12
4.0000D+00
4.6000D+00
0.OOOOD+00
5. 1336D+01
1.1294D+01
1.OOOOD-03

7.5000D-03
4.5000D-03
1.4125D+00
1. 4125D+00
1.4125D+00

1.0500D+00
1.5000D-02
1.2589D+00
2.3714D+00

2.3714D+00

1. 4125D+00

1.2589D+00
2.8508D+00

3 .2000D+00
1.4125D+00

.00 1
.00 2

1.00 3
1.00 4
1.00 5

6
1
2
3
4
5

1.00 1
.00 2
.00 3

1.00 4
5
6

.00 7
1

.00 2
3

.00 4
1.00 5

6
7
1

-1.00 2
1.00 3

4

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
FMD
FMD
FMD
FMD

PROBABILITIES OF FAILURE MODE: EXCEED FLOW STRESS LIMIT FOR FULL BREAK

NUMBER FAILED = 1 NUM}3ER OF TRIALS = 5000

END OF
CYCLE

FAILURE PROBABILITY WITHOUT AND WITH IN-SERVICE INSPECTION
FOR PERIOD CUM. TOTAL FOR PERIOD CUM. TOTAL

1.0
40.0

1.46947D-12
0.OOOOOD+00

1.46947D-12
1.46947D-12

1.46947D-12
0.00000D+00

1.46947D-12
1.46947D-12

DEVIATION ON CUMULATIVE TOTALS = 1.46947D-12 1.46947D-12
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Table C-13
SIL-9

Piping Structural Reliability Estimates for Millstone Unit No. 3

System: Low Pressure Safety Injection Segment: SIL-9 | Sheet of
IP&ID No.: EM-112B Data Point: 95
Pipe Stress Calculation Number: 70011 PSI/Const. Method: VT-2, UT, Pr/l-lydro, RT
Piping Stress Isometric No.: Proposed ISI Method: VT-2, UT
Piping Component/Segment Element (weld, tee, elbow, etc.): Valve/pipe weld
No. Input Parameter Description Check Input Choice (for Table 1 Value) Set Value*

1 Type of Piping Material 304 SS 316 SS Carbon Steel
2 Temperature at Pipe Weld Low (150) Medium (350) High (550) 350
3 Nominal Pipe Size Small (2) Medium (5) Large (16) 10
4 Pipe Wall Thickness Thin (.06) Normal (.14) Thick (.22) .1
5 Normal Operating Pressure Low (0.5) Medium (1.3) High (2.1) .7
6 Residual Stress Level None (0.0) Moderate (0.1) Maximum (0.2) .2
7 Initial Flaw Size Small (.05) Medium (.11) Large (.17) .05
8 Steady-State Stress Level Low (.05) Medium (.11) I-ligh (.17) .11

Stress Corrosion Potential None (0.0) Moderate (0.5) Maximum (1.0)
10 Material Wastage Potential None (0.0) Moderate (0.5) Maximum (1.0) 0

11 High Cycle Fatigue Loads None (0.0) Moderate (.08) Maximum (.16) 0
12 Fatigue Transient Loads Low (.10) Medium (.22) High (.34) .1
13 Fatigue Transient Frequency Low (5) Medium (13) High (21) 5
14 Design-Limiting Stress (Break Only) Low (.10) Medium (.26) High (.42) .09
15 Optional Crack Inspection Interval Low (6) Medium (10) High (14) 10

16 Optional crack Inspection Accuracy High (.16) Medium (.24) Low (.32) .16
*For optional numeric input, use a value (and associated units) from the standard range given in Table 1.
Small Leak I'robability No ISI: 0 (2.5E-08) J Optional Leak Probability With ISI: 0 (2.51I-08)

Full Break Probability, No ISI: 0 (9.2E-12) Optional Break Probability With ISI: 0 (9.2E-12)

Comments: Location based on potential check valve leakage causing thermal cycling.
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Table C-14

SIL-9 SMALL LEAK PROBABILITY

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
PROBABILITY OF FAILURE PROGRAM SPFMPROFWESTINGHOUSE ESBU.-NTD

INPUT VARIABLES FOR CASE 18: 316 STAINLESS STEEL PIPE WELD LEAK

NCYCLE = 40 NFAILS = 1000 NTRIAL = 5I
NOVARS = 29 NUMSET = 6 NUMISI =
NUMSSC = 7 NUMTRC = 7 NUMFMD =

iOO
5
4

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

PIPE-DIA
WALL/DIA
SRESIDUAL
INTDEPTH
L/D-RATIO
PROB/VOL
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/CY
PRESSURE
STRESS-SS
SCC-COEFF
SCC-EXPNT
SCC-TIMEI
ECW-RATE
NOFTRS/HR
STRESS-FT
NOSTRS/CY
STRESS-ST
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LIMIT-DSL
LIMIT-PBS
STRESS-DL
FREQ-DLTR

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL NO
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
NORMAL YES
- CONSTANT -
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
NORMAL NO
- CONSTANT -
- CONSTANT -
- CONSTANT -

1.OOOOD+01
1. OOOD-01
1.2357D+01
5.00O0D+00
6.OOOOD+00
1.0000D-04
5.0000D+00
1.000OD+01
1.0000D-03
-3.200OD-01
1.6000D+00
7.4473D+03
7. OOOOD-01
6.1783D+00
3.2310D-12
2.1610D+00
1.0000D+00
1.2740D-11
6.0000D+01
6.1783D-02
5.OOOOD+00
6.1783D+00
9.1401D-12
4.OOOOD+00
4.6000D+00
-9.7000D-01
0.OOOOD+00
O.OOOOD+00
0.OOOOD+00

5.OOOOD-02
3.OOOOD-03
1.4125D+00
1.4125D+00
1.4125D+00

1.0500D+00
1.5000D-02
1 .2589D+00
2.3714D+00

2.3714D+00

1.4125D+00

1.2589D+00
2.8508D+00

1.OOOOD-02

.00 1

.00 2
1.00 3
1.00 4
1.00 5

6
1
2
3
4
5

1.00 1
.00 2
.00 3

1.00 4
5
6

.00 7
1

.00 2
3

.00 4
1.00 5

6
7

.00 1
2
3
4

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
TRC
FMD
FMD
FMD
FMD

PROBABILITIES OF FAILURE MODE: EXCEED LIMITING DEPTH FOR SMALL LEAX

NUMBER FAILED = 0 NUMBER OF TRIALS = 5000

END OF
CYCLE

FAILURE PROBABILITY WITHOUT AND WITH IN-SERVICE INSPECTION
FOR PERIOD CUM. TOTAL FOR PERIOD CUM. TOTAL

.0
40.0

2.50257D-08
0.OOOOOD+00

2.50257D-08
2.50257D-08

2.50257D-08
0.OOOOOD+00

2.50257D-08
2.50257D-08
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Table C-15

SIL-9 FULL BREAK PROBABILIT

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
WESTINGHOUSE PROBABILITY OF FAILURE PROGRAM SPFFMPROF ESBU-NTD

INPUT VARIABLES FOR CASE 17: 316 STAINLESS STEEL PIPE WELD BREAK

NCYCLE =
NOVARS =
NUMSSC =

40
29

7

NFAILS = 1000
NUMSET = 6
NUMTRC = 7

NTRIAL =
NUMISI =
N4UXMFD =

5000
5
4

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

PIPE-DIA
WALL/DIA
SRESIDUAL
INT%DEPTH
L/D-RATIO
PROB/VOL
FIRST-ISI
FREQ-ISI
EPST- PND
ASTAR- PND
ANUU-PND
HOURS/CY
PRESSURE
STRESS-SS
SCC-COEFF
SCC -EXPNT
SCC-TIMEEI
ECW-RATE
NOFTRS/HR
STRESS-FT
NOSTRS/CY
STRESS -ST
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LIMIT-DSL
LIMIT-PBS
STRESS -DL
FREQ -DLTR

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

- CONSTANT -

NORMAL YES
NORMAL NO
NORMAL YES
NORMAL YES
- CONSTANT -

- CONSTANT -

NORMAL YES
- CONSTANT -

NORMAL YES
- CONSTANT -

NORMAL YES
NORMAL YES
- CONSTANT -

- CONSTANT -

- CONSTANT -

NORMAL NO
NORMAL YES
- CONSTANT -

1. OOOOD+01
1. 0000D-01
1. 23 57D+01
5.O00000+00
6. OOOOD+00
1.OOOOD-04
5.00000+00
1. OOOOD+01
1. OOOOD-03
-3 .20000-01
1.6000D+00
7.4473D+03
7. OO0OD-01
6. 1783D+00
3 .2310D-12
2. 1610D+00
1. OOOOD+00
1.2740D-11
6.00000D+01
6. 1783D-02
5.00000+00
6. 1783D+00
9. 1401D-12
4.O00000+00
4.60000+00
0. 00000+00
6.1783D+01
5. 5605D+00
1.00000-03

5.O00000-02
3 .OOOOD-03
1.4125D+00
1. 4125D+00
1. 4125D+00

1.0500D+00
1.500OOD-02
1. 2589D+00
2.3714D+00

2.37140+00

1.4125D+00

1.2589D+00

2. 8508D+00

3.20000+00
1. 4125D+00

.00 1

.00 2
1. 00 3
1. 00 4
1. 00 5

6
1
2
3
4
5

1 .00 1
.00 2
.00 3

1. 00 4
S
6

.00 7
1

.00 2
3

.00 4
1. 00 5

6
7
a

-1.00 2
1. 00 3

4

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI

ISI
151
SSC

SSC
SSC

TSC
TRC
TRC
TRC
TRC
TRC
TRC
TRC

FMD
FMD
FMD

PROBABILITIES OF FAILURE MODE: EXCEED FLOW STRESS LIMIT FOR FULL BREAK

NUMBER FAILED=- 0 NUMBER OF TRIALS = 5000

END OF
CYCLE

FAILURE PROBABILITY WITHOUT AND WITH IN-SERVICE INSPECTION
FOR PERIOD CUM. TOTAL FOR PERIOD CUM. TOTAL

. 0
40.0

9.206440-12
0.000000+00

9.206440-12
9.206440-12

9.206440-12
0.000000+00

9.206440-12
9.206440-12
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Surry Unit 1
Welds 1-04:1-05- 1-05

System: ECC Segment: ECCS-001,002,003 FailuroMode(s): ThermalStratificallon/a Location: Drawinqs127J1: 127J2:127J3

No. input Parameter Description Ckcle Choice or Set Value Set Value Basis

I Type of Pining Material 304SS Carbon Steel DrawinSpre c.

2 Crack Inspection interval (2opionall Low 61 iiighl t4) _ Section Xl

3 Crack Inspection Accuracy (optional) Hiqhl.16) 04R.f Low(.32) UT

4 Temperature at Pipe Weld LowM t150) MId-unit3SO) Hl'iff550) 170 Line Lhl

5 Nominal Pipe Size Smrrii(2) M"ediumSi Largeit6) 6 Drawing

6 Thkckness to O.D. natio Thint.051 Normal131 Thgckl2l) .085 Cnle.

7 Normal Operating Pressure LOwI0.S) Mediumi 1.3) Hk!hl2.1) 2.52 Line List

8 Residual Stress Level None(O.0) Moderalet t10ot < rlmum I; Thick Wal

9 Initial Flaw Conditions One Flaw -41-kevii44b No X-Ray .15 Spec.

10 OW & Thermal Stress Level Low(05) Modiumr.1t) i ihf.17) Cafe.

I I Stress Corrosion Potential :S (9* Moderatefo.5) Maaimum(l.O) Judgment

12 Material Wastage Potentiali Moierete(5 Maxirnum t .0) Judqmenn

13 Vibratory Stress Range gItOU . ii4 Modarala t .5) Maximumt3.0) Judgment

14 Fatigue Stress Range Low(.30) Medluml.50) 1-1g0.701 .6 Stratification

15 Low Cycle Fatigquofrequen Low(10) Medium(201 . Stratification

16 DpsIn Umiting Stress (LLBjrreakl Onty_ Low.10) Medlum(.26) Itighl.42) .214 Cale.

17 System Disrbling Leek I-arge Leak Only) NonefOl Medhum6300) Nigtf00) 2 Assumed Small

t8 Min. Detectable Leak (LUI~reak Only) Nonalo) Maedumis) Hihof 10I t T.S. Umit

No oaKixDlactior
Small Leak Prob.. No ISI: 8.6721E-4 Small Leak Prob.. With iSi: 9.3484E-5
Large Leak Prob.. No ISI: 8.2946E-4 Large Leak Prob., With iSI: 2.9107E-5 (N/A ll not applicable)
Break Prob., No ISi: N/A Break Prob.. Wth iSI: N/A (N/A ll nol applicable)

NLeah l ecnsdon(Snubber locking up under Thermal Conditions, Item 14 sel alNtAA .)(Snubber lafluro probability seat MLI.)(N/A If not applicabil)
Small Leak Prob.. No MSI: l Smell Leak Prob.. With ISI: (NIA It 1 l applicable)
Larga Leak Prob.. No ISI: Large Leak Prob.. With [SI: (N/A It not applicable)
Break Prob.. No ISI: Break Prob.. With ISI: (N/A ll not applicable)

ffNLjak Deqecm(Snubbar not locking up under Seismic Condtions Item 16 sel A.NA._ .flSnubber lallure probability sel aLNtA .)(N/A If not applicable)
Lnrge Leak Prob.. No ISI: Large Leak Prob.. With ISI: (N/A It nol applIcable)
Break Prob.. No ISI: . Break Prob.. With IS': /NI NA (A not applicable)

L uLeakjDec lM c Snubbar failure mngst )
Large Leak Prob.. No ISI: 1.7060E-4 Large Leak Prob.. With ISI: 3.9150E-5 (N/A it not applicable)
Break Prob.. No ISI: N/A Break Prob.. With ISI: NIA (N/A If not applicable)

Assumed some check valve back lankage.
No snubbers.

z
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Table C-17

PIPING SEGMENT ECC-03 SMALL LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

output Print File S6PROFSL.P74 Opened at 12:39 on 04-06-1997

Type of Piping Steel Material
Pipe Weld Failure Mode
Years Betwken Inspections
Wall Fraction for 50% Detection
Degrees (F) at Pipe Weld
Nominal Pipe Size (NPS, inch)
Thickness / Outside Diameter
Operating Pressure (csi)
Uniform Residual Stress (ksi)
Flav Factor (<0 for 1 Flav)
DW & Thermal Stress / Flow Stress
SCC Rate / Rate for BWR Sens. SS
Factor on Wastage of .0095 in/yr
P-P Vib. Stress (Xsi for NPS of 1)
Cyclic Stress Range / Flow Stress
Fatigue Cycles per Year
Design-Limit Stress I Plow Stress
System Disabling Leak Rate (GPM)
Minimum Detectable Leak Rate (GPM)
Value of Weld Metal Flow Stress in Ksi

316 St
Small Leak

10.0
0.240
170.0

6.0
0.0850

2.52
20.0
1.00
0.15
0.00
0.00

0.0
0.600

30.0
0.214

2.0
0.0

69.30

WESTINGHOUSE
STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA).

PROBABILITY OF FAILURE PROGRAM LEAXPROF ESBU-NSD

INPUT VARIABLES FOR CASE 74: 316 St Steel Pipe Segment ECCS-1;2;3

NCYCLE -
NOVARS w
NUMSSC -

40
28

6

NFAILS -
NUMSET.-
NUMTRC m

400
6
6

NITIAL -
NUMISI -
NUNFlM -

40000
5
5

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION SEIFT USAGE
OR FACTOR MV/SD NO. SUB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PIPE-ODIA
WALL/ODIA
SRESIDUAL
INTDEPTH
L/D-RATIO
FLAWS/IN
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/YR
PRESSURE
SIG-DW&TH
SCC-COEFF
SCC-EXPNT
WASTAGE
DSIG-VIBR
CYCLES/YR
DSIG-FATS
FCG-COEFF
FCG-EXPNT
FCG-TROLD
LDEPTH-SL
SIG-FLOW

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -

- CONSTANT -
NOR14AL NO

8.5¢5Y. -

1.70;:, 4..E,

3.1824D-03
5.0000D+00
1. 0000D+01
1.0000D-03

-2.4000D-01
1.6000D+00
7.4473D+03
2;.5200D+00

*1-.0396D+01
3:2310D-12
2.1610D+00
1.2740D-12
3.6957D-04
3.0000D+01
4.1583D+01
9.1401D-12
4.0000D+00
l.5000D+00

-9.9900D-01
6.9305D+01

: 4^00D-02
:..s35oD-03
..4142D+00
1.3000D+00
1.7126D+00

1.0500D+00
1.03230+00
1.2599D+00
2.37140+00

2.3714D+00
1.3465D+00

1. 4142D+00
2.8508D+00

3.2000D+00

.00 1

.00 2

.00 3
2.00 4
1.00 6

1
2
3
4
5

.00 1

.00 2

.00 3

.00 4
5

.00 6
.00 1

2
.00 3

1.00 4
5
6
1

.00 2

SET
SET
SET
SET
SET
SET
ISI
ISS
ISI
ISI
ISI
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
FMD
F1D

I
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Table C-17 (contL)

PIPING SEGMENT ECC-03 SMALL LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

26 STRESS-DL
27 B-SDLEAK
28 B-4MLEAK

- CONSTANT -
- CONSTANT -
- CONSTANT -

0.0000D+00
0.00000>+00
0.00000D+00

3 FMD
4 FHD
S FXD

PROBABILITIES OF FAILUJRE MODE: THROUGH-WAIL CRACK DEPTH FOR SMALL LEAK

NUMBER FAILED - 400

FAILURE PROBABILITY WITHOUT
FOR PERIOD CUMl. TOTAL

NUMBER OF TRIALS - 1434

AND WITH IN-SERVICE INSPECTIONS
FOR PERIOD CUMl. TOTAL

END OF
YE-AR

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.*0
12..0
13-.0
14.0
15.0
16.0
17.*0
18s* 0
19.*0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.*0
29.0
30.0
31.0
32.*0
33.0
34.0
35.*0
36.0
37.0
38.*0
39.0
40.0

3.33174D-07
2.*03029D+06
4.*10166D+06
9.*73175D-06
6.*278810-06
3.95266D+06
4.15186D-05
8.23812D-06
1.760400-05
1.28268D+05
9 .21463D-06
1.78327D-06
4.*69119D+05
1.096360-05
3.*150740-06
6.*41339D-06
9.*606300-06
2.*02292D-05
3.*192 680-06
2 .829630+05
7.*0989O00-05
3.468320+05
5.00152D+06
1. 91289D-04
1.*177 73D-05
1.*032700+05
2.66519D-05
3.00766D-05
1. 16294D+05
1. 077930+05
1.25231D-05
1.354890-04
7.*244680+06
1.45223D+05
2.91615D-06
3.79121D-06
.1.21935D+05
1. 638210+05
9 .244890-06
3.32089D-06

3 .33174D-07
2.36346D~-06
6.46512D+06
1.619690-05
2.24757D-05
2.*64 283D+05
6.794700-05
7.*61851D-05
9.378910-05
1.*066160-04
1 *158310-04
1. 176140--04
1. 645260-04
1.754890-04
1.786400-04
1.85053D-04
1.*946600+04
2 .14889D+04
2.*18082D-04
2.*463780+04
3.173670-04
3.520500-04
3.*570520-04
5.*483410-04
5.601180-04
5. 70445D-04
5 .97097D-04
6 .27174D-04
6.388030-04
6. 495820-04
6. 621060-04
7.97595D-04
8. 04839D-04
8.193620-04
8 .222780-04
8.26069D-04
8.38263D-04
8.546450-04
8. 638900-04
8.67211D-04

3.*33 1740-07
2.*03 029D-06
4.*101660-06
9.731750-06
6 .278810-06
1.628600-08
1.025270-06
6.65005D-07
2 .789930+06
1.819270-06
1.588950-06
3 .21503D-07
1.94242D-05
1.66996D-06
4.*52273D-07
4.707350-09
1.553630-08
4 .78133D-08
2 .35846D+08
2.151770-07
4.98744D-06
2.*114 250-06
7.*55603D+08
3.*014750-05
2 .502700+07
1.071750+09
2.415760-09
2 .26497D+08
3.817980-09
1.774310-08
5.149710-08
3.179550-06
1. 680880-08
5.*0014 00-08
7.790990-;09
2.85712D-12
2.783770-10
2.*957260-10
1.651870-10
6.682500-10

3. 33174D-07
2. 363460-06
6.*4651202-06
1.619690-05
2. 24757D-05
2.249200-05
2.*35172D-05
2 .418220-05
2.*697220-05
2.87914D-05
3.038040-05
3.070190-05
5.01261D-05
5.179600-05
5.224830-05
5;.225300-05
5.226850-05
5.231630-05
5.23399D-05
5.25551D-05
5.754260-05
5.965680-OS
5.97324D-05
8. 98799D-05
9 .01302D-05
9. 01312D+05
9. 01337D-05
9.015630-05
9. 016010-05
9.017790-05
9.022940-05
9.*34 0890-05
9 .34257D-05
9. 34757D-05
9 .3483S0-05
9. 348350-05
9. 348380-05
9.348410-05
9. 348430-05
9.34849D-05

DEVIATION ON CUMULATIVE TOTALS - 3. 68325D-05 1.40257D-05
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Table C-18

PIPING SEGMENT ECC-03 LARGE LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

Output Print File S6PROFLL.P75 Opened at 12:41. on 04-06-1997

Type of Piping Steel Material
Pipe Weld Failure Mode
Years Between Inspections
Wall Fraction for S0% Detection
Degrees (F) at Pipe Weld
Nominal Pipe Size (NPS, inch)
Thickness / Outside Diameter
Operating Pressure (ksi)
Uniform Residual Stress (ksi)
Flaw Factor (tO for 1 Flaw)
DW & Thermal Stress / Flow Stress
SCC Rate t Rate for BWR Sens. SS
Factor on Wastage of .0095 in/yr
P-P Vib. Stress (ksi for NPS of 1)
Cyclic Stress Range / Plow Stress
Fatigue Cycles per Year
Design-Limit Stress / Flow Stres's
System Disabling Leak Rate (GPM)
Minimum Detectable Leak Rate (GPX)
Value of Weld Metal Flow Stress in Ksi

316 St
Large Leak

10.0
0.240
170.0

6.0
0 . 0850

2.52
20.0
1.00
0.15
0.00
0.00

0.0
0.600
30.0

0.214
2.0
0.0

69.30

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
PROBABILITY OF FAILURE PROGRAM LEAXPROFWESTINGHOUSE ESBU-NSD

INPUT VARIABLES FOR CASE 75: 316 St Steel Pipe Segment ECCS-1;2;3

NCYCLE - 40 NFAILS - 400 NTRXAL - 50000
NOVARS - 28 NUMSET - 6 NUCISX - 5
NUMSSC - 6 NVUTRC aw 6 NKUFMD W 5 ;

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

VALUE
. I.A=

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PIPE-ODIA
WALL/ODIA
SRESIDUAL
INTDEPTH
L/D-RATIO
FLAWS/IN
FIRST-ISI
F2EQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/YR
PRESSURE
SIG-DW&T8
SCC-COEFF
SCC-EXPNT
WASTAGE
DSIG-VIBR
CYCLES/YR
DSIG-FATG
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LDEPTH-SL
SIG-FLOW

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL NO

6.6250D+00
8.5000D-02
2.0000D+01,
1.7036D+01
6;0000D+00
3.1824D-03
5.0000D+O0
l10000D+O1
1.0000D-03

-2.4000D-01
1.6000D+00
7.44730+03
2.5200D+00
1.0396D+01
3;2310D-12
2.1610D+00
1.2740D-12
3.6957D-04
3. 0000D+01
4.1583D+01
9.1401D-12
4.0000D+00
1.5000D+00
0.0000D+00
6.9305D+01

2.4000D-02
2.6350D-03
1.4142D+00
1.3000D+00
1.7126D+00

1. 05000+00
1.0323D+00
1.2599D+00
2.3714D+00

2.3714D+00
1.3465D+00

1.4142D+00
2.8508D+00

3.2000D+00

.00 1

.00 2

.00 3
2.00 4
2.00 5

6
1
2
3
4
5

.00 1

.00 2

.00 3
.00 4

5
.00 6
.00 1

2
.00 3

1.00 4
5
6
1

.00 2

SET
SET
SET
SET
SET
SET
ISI
IS!
IS!
IS!
IS1
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
FxD
FnD
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Table C-18 (cont.)

PIPING SEGMENT ECC-03 LARGE LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

26 STRESS-DL
27 B-SDLEAK
28 B-MDLEAK

NORMAL YES
- CONSTANT -
- CONSTANT -

1.4831D+01
2.2905D+00
2.0813D+01

1.4142D+00 .00 3 FMD
4 FXD
5 FX

PROBABILITIES OF FAILURE MODE: EXCEED DISABLING LEAK RATE OR BREAK

END OF
YEAR

NUMBER FAILED - 400

FAILURE PROBABILITY WITHOUT
FOR PERIOD CUM. TOTAL

NUMBER OF TRIALS - 1080

AND WITH IN-SERVICE INSPECTIONS
FOR PERIOD CUM. TOTAL

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0

6.85050D-10
4.82361D-07
1.11163D-06
1.35354D-06
5.35139D-06
1.01833D-05
5.49637D-06
2.44516D-06
1.51599D-05
3.02920D-06
3.71388D-05
5.32324D-06
1.59366D-06
8.74582D-07
4.75332D-06
1.87714D-06
1.82364D-06
9.00252D-05
5.02576D-06
6.48377D-06
5.90433D-06
3.76407D-05
2.79445D-06
3.21681D-07
2.80427D-05
1.20452D-05
6.67115D-06
1.68871D-05
1.87029D-05
1.05176D-04
3.32383D-07
1.92613D-05
4.28478D-06
7.43054D-07
2.690080-04
9.34558D-06
8.55671D-05
3.05548D-06
4.14694D-06
0.00000D+00

6.85050D-10
4.83046D-07
1.59468D-06
2.94822D-06
8.29961D-06
1.84829D-05
2.39793D-05
2.64244D-05
4.15843D-05
4.46135D-05
8.17523D-05
8.70756D-05
8.86692D-05
8.95438D-05
9.42971D-05
9.61743D-05
9.79979D-05
1.88023D-04
1.93049D-04
1.99533D-04
2.05437D-04
2.43078D-04
2.45872D-04
2.46194D-04
2.74237D-04
2.86282D-04
2.92953D-04
3.09840D-04
3.28543D-04
4.33719D-04
4.340S1D-04
4.53312D-04
4.57597D-04
4.58340D-04
7.27348D-04
7.36694D-04
8.22261D-04
8.25316D-04
8.29463D-04
8.29463D-04

6.85050D-10
4.82361D-07
1.11163D-06
1.35354D-06
5.35139D-06
3.86722D-08
4.59385D-08
1.80675D-07
1.53256D-06
1.93047D-07
7.63772D-06
6.81228D-07
2.23921D-07
2.18981D-07
7.77180D-07
2.49049D-09
2.35864D-09
3.14905D-07
1.64228D-08
2.00995D-07
3.37695D-08
9.45213D-07
1.29279D-07
8.29237D-09
8.86767D-07
4.29405D-09
2.90591D-09
6.63992D-09
3.59089D-08
1.47313D-07
1.85115D-1O
6.41891D-08
6.01387D-09
2.48666D-09
6.46442D-06
1.61980D-10
2.67804D-09
3.92740D-10
1.53305D-10
0.00000D+00

6.85050D-10
4.83046D-07
1.59468D-06
2.94822D-06
8.29961D-06
8.33828D-06
8.38422D-06
8.56489D-06
1.00975D-05
1.02905D-05
1.79282D-OS
1.86094D-05
1.88334D-05
1.90523D-05
1.98295D-OS
1.98320D-05
1.98344D-05
2.01493D-05
2.01657D-05
2.03667D-05
2.04005D-05
2.13457D-OS
2.14750D-OS
2.14832D-05
2.23700D-OS
2.23743D-0S
2.23772D-OS
2.23839D-05
2.24198D-OS
2.25671D-OS
2.25673D-05
2.26315D-OS
2.26375D-05
2.26400D-05
2.91044D-05
2.91045D-OS
2.91072D-05
2.91076D-05
2.91078D-05
2.91078D-05

DEVIATION ON CUMULATIVE TOTALS - 3.29239D-05 7.72206D-06

o:\4393\VersionA\4393-C1.doclb-021999 
C-24

o:\4393\VersionA\4393-Cl.doc:lb-021999 C-24



P

5.
Zs

'a

b.c

Surry Unit 1

System: FW Segment: FW-012, 013, 014 Failure Mode(s): Wastage Location:
Pipe to FCV 1478,1488, 1498
Drawin 1018 A3

No. Input Parameter Descrlptlon Circle Choice of Set Value Set Value Basis

Type of Piping Material 304SS 316SS .*r -s; 8el ______ Drawinal/Spac

2 Crack Inspection Interval (optionall Lowl61 4 Hlghl4) Section Xl

3 Crack Inspection Accuracy foptionall llight.161 3 Lowl.321 UT
4 Temperature at Pipe Weld Lowil 601 Medlum(3501 Hlahl550I Line Ust

5 Nominal Pipe Size SmaU12) MedlumlS) Largal l61 435 Drawina

6 Thickness to 0.D. Rato Thinf.05) Normatl31 Thicki.21) 14 Calc.

7 Normal Operating Pressure LowiOS) Medlum(1,3) High(2.1) .054 Line Ust

8 Residual Stress Level Moderatef10) Maxamumfd20 .9 Stress Releved

9 Initial Flaw Conditions One Flaw X-Rev NOE N, -N Spec.
10 DW & Thermal Stress Level Lowl05) Medluml.11L Hah(.17) .283 CodeAllowables
II Stress Corrosion Potential « )Jo b.0 Moderate(0.1) Maximumfl.01) Judgment
12 Material Wastage Potential None(0 °? Modaintelo.6) Maximuml1.0) 1.5 Some Wastaae
13 Vibratory Stress Ranqe Hon- .1 ;02 Moderatef 1 5) Maxlmum(3.01 Judament
14 Fartlue Stress Ranae Low.30) 6 HoiUl.70) Judpment
15 Low Cycle Fatigue Fresquancy VA "S;4< iS Medtuml20) lahl301 Judgment

16 Design ULmiti Stress (LLJBreak Only) Lowl.10) Mediumr.26) H1ghf.42) .21 Code Allowables

17 System Disabling Leak MLarge Leak Only NonafO) Medlum(300) HlahI600) 600 Condensate Makwup
1s Min. Detectable Leak !Ltreak Only) Nonel01 t Medium5) High(110) I Accessible Area

Small Leak Prob., No ISI: 3.6003E-1 Smial Leak Prob.. With IS(: 4.0763E-3
*Large Leak Prob. No [SI: 3.6003E-1 Large Leak Prob.. With 151: 4.0763E.3 (N/All not applicable)
Break Plob.. No [SI: N/A Break Prob., With ISI: N/A (N/A lt not applicable)

No kI l o(Snubber oddng up under Thermal Conditlons. Item 14 set at .)(Snubber tailute probability set aL9Y. J(N/A U not applicable)
Small Leak Prob.. No ISI: 3.6068E-2 Small Leak Prob.. With lSI: 4.0739E.4 (N/A It not applicable)
Large Leak Ptob.. No ISI: 3 6068E-2 Large Leak Prob., With ISI: 4.0739E-4 (N/A 11 not applicable)
Break Prob.. No lSI: N/A Break Prob.. With lSI: NIA (N/Allnolappilcable)

No Leak I lDaclgnSnubbr nol locking up under Seismic Conditions, Item 16 sel L.. -5 .)(Snubber lailure ptobablity setaLt 10 .)(N/A U notapplicable)
Large Leak Prob.. No ISI: 3.6003E-2 Large Leak Prob.. With ISI: 4.0763E-4 (N/A ll not applicable)
Break Prob.. No ISI: N/A Break Prob.. WIth ISI: N/A (N/Al 1not applicable)

Leask Derection (With Snubber tenlUra 21 moat limiting)
*Large Leak Prob.. No StI: 3.6003E-1 Large Leak Prob., With ISt: 4.0763E-3 (N/A II not applicable)
Break Prob.. No lS: N/A Break Plob.. With SI: N/A (N/AIInotapplicable)

Comment
Code Allowables used.

I'd

00
:5.

0

I)
H-

05



Table C-20

PIPING SEGMENT FW-12 SMALL LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

Output Print File CSPROFSL.P32 Opened at 09:02 on 04-06-1997

Type of Piping Steel Material
Pipe Weld Failure mode
Years Between Inspections
Wall Fraction for 50% Detection
Degrees (F) at Pipe Weld
Nominal Pipe Size (NPS, inch)
Thickness / Outside Diameter
Operating Pressure (ksi)
Uniform Residual Stress (ksi)
Flaw Factor (<0 for 1 Flaw)
DW & Thermal Stress / Flow. Stress
SCC Rate / Rate for BWR Sons. SS
?actor on Wastage of .0095 in/yr
P-P Vib. Stress (ksi for NPS of 1)
Cyclic Stress Range / Flow Stress
Fatigue Cycles per Year
Design-Limit Stress / Flow Stress
System Disabling Leak Rate (GPM)
Minimum Detectable Leak Rate (GPM)
Value of Weld Metal Flow Stress in Ksi

Carbon
Small Leak

10.0
0.240
435.0
14.0

0.0540
0.90

0.0
12.80
0.28
0.00
1. 50

0.0
0.500
10.0

0.210
500.0

0.0
64.80

STRUCTURAL RELIABILITY AND RISE ASSESSMENT (SRRA)
PROBABILITY OF FAILURE PROGRAM LEAXPROF ESBU-NSDWESTINGHOUSE

INPUT VARIABLES FOR CASE 32: Carbon Steel Pipe Segment FW-12;13;14

NCYCLE - 40 NFAILS - 400 NTRIAL - 10000
NOVARS - 28 NUKSET - 6 NUMISI - 5
NUMSSC - 6 NXUTRC - 6 NUMFMD - 5

VARIABLE
NO. NAMEI

DISTRIBUTION
TYPE LOG

MEDIAN DEVIATION
VALUEZ- OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
l6
17
18
19
20
21
22
23
24
25

PIPE-ODIA
WALL/ODIA
SRESIDUAL
INT%DEP5H
L/D-RATIO
FLAWS/IN
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/YR
PRESSURE
SIG-DW&TH
SCC-COEFF
SCC-EXPNT
WASTAGE
DSIG-VIBR
CYCLES/YR
DSIG-FATG
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LDEPTH-SL
SIG-FLOW

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL NO

1.4000D+01
5.4000D-02
1.0000D-03
7.9536D+00
6.0000D+00
3.2504D-02
5.0000D+00
1;0000D+01
5.OOOOD-03

-2.4000D-O1
3.OOOOD+00
7.4473D+03
9.OOOOD-01
1.8337D+01
3.5900D-14
2.1610D+00
1.911OD-06
1.6667D-04
1.0000D+01
3.2398D+01
6.7931D-13
5.9500D+00
1.9000D+01
-9.9900D-01
6.4797D+01

3.2000D-02
1.674OD-03
1.4142D+00
1.5516D+00
1.7126D+00

1.0500D+00
1.0323D+00
1.2599D+00
2.3714D+00

2.3714D+00
1.3465D+00

1.4142D+00
1.7194D+00

3.2000D+00

.00 1

.00 2

.00 3

.00 4

.00 5
6
1
2
3
4
5

.00 1

.00 2

.00 3

.00 4
5

.00 6

.00 1
2

.00 3

.00 4
5
6
1

.00 2

SET
SEr
SET
SET
SET
SET
ISI
ISI
ISI
ISI
lSI
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
FMD
FMD
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Table C-20 (cont)

PIPING SEGMENT FW-12 SMALL LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

26 STRESS-DL
27 B-SDLEAK
28 B-NDLEAK

NOEMWL YES
- CONSTANT -
- CONSTANT -

1.3607D+01
4.3982D+01
4.3982D+01

1.4142D+00 .00 3 FMD
4 FMO
5 F2D

PROBABILITIES OF FAILURE MODE: SMALL OR LARGE LEAK OR BREAK BY WASTAGE

NUMBER FAILED - 400

FAILURE PROBABILITY WITOUT
FOR PERIOD CUM. TOTAL

EmD OF
YEAR

NUMBER OF TRIALS - 1111

AND WITH 1N-SERVICE INSPECTIONS
FOR PERIOD CtM. TOTAL

2.0
3.0
4.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18. 0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0

9.00090D-04
9.00090D-04
9.00090D-04
2.70027D-03
4.50045D-03
3.60036D-03
6.30063D-03
5.40054D-03
7.20072D-03
6.30063D-03
4.50045D-03
3.60036D-03
1.08011D-02
1.08011D-02
9.90099D-03
1.53015D-02
6.30063D-03
6.30063D-03
1.08011D-02
1.53015D-02
1.08011D-02
1.08011D-02
1.53015D-02
1.53015D-02
1.17012D-02
1.71017D-02
8.10081D-03
1.17012D-02
9.90099D-03
1.44014D-02
1.17012D-02
1.53015D-02
1.80018D-02
1.26013D-02
7.20072D-03
1.26013D-02
1.53015D-02
9.90099D-03

9.00090D-04
1.S0018D-03
2.70027D-03
5.40054D-03
9.90099D-03
1.35014D-02
1.98020D-02
2.52025D-02
3.24032D-02
3.87039D-02
4.32043D-02
4.68047D-02
5.76058D-02
6.84068D-02
7.83078D-02
9.36094D-02
9.99100D-02
1.06211D-01
1.17012D-01
1.32313D-01
1.43114D-01
1.53915D-01
1.69217D-01
1.84518D-01
1.96220D-01
2.13321D-01
2.21422D-01
2.33123D-01
2.43024D-01
2.57426D-01
2.69127D-01
2.84428D-01
3.02430D-01
3.15032D-01
3.22232D-01
3.34833D-01
3. 50135D-01
3.60036D-01

9.00090D-04
9.00090D-04
9. 00090D-04
1.3SOSD-05
2.25053D-05
1.80347D-05
3.20940D-05
2.95670D-05
4.80018D-05
5.774200-05
8.24102D-05
1.11338D-04
7.06374D-04
5.97774D-06
8.39504D-06
1.86417D-05
9.40229D-06
1.25075D-05
2.56855D-05
4.27736D-05
3.39219D-05
3.48654D-05
5.80230D-05
2.93011D-07
2.59212D-07
3.85467D-07
1.983330-07
3.10748D-07
2.85966D-07
4.77358D-07
4.43106D-07
6.72403D-07
9.64182D-07
4.13114D-09
2.97484D-09
6.19516D-09
9.67723D-09
7.49518D-09

9.0009OD-04
1.800180-03
2.70027D-03
2.71377D-03
2.73628D-03
2.75431D-03
2.78641D-03
2.81597D-03
2.86397D-03
2.92172D-03
3.00413D-03
3.11546D-03
3.82184D-03
3.82782D-03
3.83621D-03
3.85485D-03
3.86425D-03
3.87676D-03
3.90245D-03
3.94522D-03
3.97914D-03
4.01401D-03
4.07203D-03
4.07232D-03
4.07258D-03
4.07297D-03
4 * 073 17D-03
4.07348D-03
4.073760-03
4.07424D-03
4.07469D-03
4.07536D-03
4.07632D-03
4.07633D-03
4.07633D-03
4.07633D-03
4.07634D-03
4.07635D-03

DEVIATION ON CUMULATIVE TOTALS - 1.44075D-02 1.91244D-03

o:\4393\VersionA\4393-C1.doclb-021999 
C-27

o.\4393\VersionA\4393-Cl.doclb-021999 C-27



-. Table C-21

PIPING SEGMENT FW-12 LARGE LEAK FAILURE PROBABILITY

SRRA MODEL OU'TPUT

Output Print File CSPROFLL.P33 Opened at 09:04 on 04-06-1997

Type of Piping Steel Material
Pipe Weld Failure Mode
Years Between Inspections
Wall Fraction for 50% Detection
Degrees (F) at Pipe Weld
Nominal Pipe Size (NPS, inch)
Thickness / Outside Diameter
operating Pressure (ksi)
Uniform Residual Stress (ksi)
Flaw Factor (<O for I Flaw)
DW & Thermal Stress / Flow Stress
SCC Rate / Rate for BWR Sens. SS
Factor on Wastage of .0095 in/yr
P-P Vib. Stress (ksi for NPS of 1)
Cyclic Stress Range / Flow Stress
Fatigue Cycles per Year
Design-Limit Stress / Flow Stress
System Disabling Leak Rate (GPM)
Minimum Detectable Leak Rate (GPM)
Value of Weld Metal Flow Stress in Ksi

Carbon
Large Leak

10.0
0.240
435.0

14.0
0.0540

0.90
0.0

12.80
0.28
0.00
1.50

0.0
0.500

10.0
0.210
500.0

0.0
64.80

WESTINGHOUSE
STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)

PROBABILITY OF FAILURE PROGRAM LEAXPROF ESBU-NSD

INPUT VARIABLES FOR CASE 33: Carbon Ste.l Pipe Segment FW-12;13;14

NCYCLE -
NOVARS -
NUMSSC -

40
28

6

NFAILS -
NUWSET -
NUMTRC =

400
6
6

NtRIAL -
NUMISI -
NUMFMD -

10000
5
S

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION SEIFT USAGE
OR FACTOR MV/SD NO. SUB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PIPE-ODIA
WALL/ODIA
SRESIDUAL
INTDEPTH
L/D-RATIO
FLAWS/IN
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/YR
PRESSURE
SIG-DW&TH
SCC-COEFF
SCC-EXPNT
WASTAGE
DSIG-VIBR
CYCLES/YR
DSIG-FATG
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LDEPTH-SL
SIG-FLOW

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL NO

1.4000D+01
5.4000D-02
1.0000D-03
7.95361+00
6.OOOOD+00
3.2504D-02
5.0000D+00
1.00000D+01
5;0000D-03

-2.4000D-01
3;0000D+00
7.4473D+03
9.0000D-01
1.8337D+01
3.5900D-14
2.1610D+00
1.9110D-06
1.6667D-04
1.0000D+01
3.2398D+01
6.7931D-13
5.9500D+00
1.9000D+01

-9.9900D-01
6.4797D+01

3.2000D-02
1.6740D-03
1.4142D+00
1.5516D+00
1.7126D+00

1.0500D+00
1.03230+00
1.2599D+00
2.3714D+00

2.3714D+00
1.3465D+00

1.4142D+00
1.7194D+00

3.2000D+00

.00 1

.00 2

.00 3

.00 4

.00 5
6
1
2
3
4
5

.00 1

.00 2

.00 3

.00 4
5

.00 6

.00 1
2

.00 3

.00 4
5
6
1

.00 2

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI
ISI
IS!
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
FTD
FMD
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Table C-21 (cont.)

PIPING SEGMENT FW-12 LARGE LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

26 STRESS-DL
27 B-SDLEAK
28 B-MDLEAR

NORMAL YES
- CONSTANT -
- CONSTANT -

1.3607D+01
1.5640D+01
4.3982D+01

1.4142D+00 .00 3 FMD
4 FMD
5 FMD

PROBABILITIES OF FAILURE MODE: SMALL OR LARGE LEAK OR BREAK BY WASTAGE

NUMBER FAILED - 400

FAILURE PROBABILITY WITHOUT
FOR PERIOD CUM. TOTAL

NUMBER OF TRIALS - 1111

AND WIT! IN-SERVICE INSPECTIONS
FOR PERIOD CUM. TOTAL

END OF
YEAR

2.0
3.0
4.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15. 0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0

-29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0

9.00090D-04
9.000900-04
9.00090D-04
2.70027D-03
4.50045D-03
3.600360-03
6.30063D-03
5.40054D-03
7.200720-03
6.30063D-03
4.500450-03
3.60036D-03
1.08011D-02
1.08011D-02
9.90099D-03
1.53015D-02
6.300630-03
6.300630-03
1.080110-02
1.53015D-02
1.08011l-02
1.08011D-02
1.53015D-02
1.53015D-02
1.17012D-02
1.71017D-02
8.10081D-03
1.17012D-02
9.90099D-03
1.44014D-02
1.17012D-02
1.53015D-02
1.80018D-02
1.260130-02
7.20072D-03
1.260130-02
1.53015D-02
9.90099D-03

9.0009OD-04
1.80018D-03
2.70027D-03
5.40054D-03
9.90099D-03
1.35014D-02
1.9803OD-02
2.52025D-02
3.24032D-02
3.87039D-02
4.32043D-02
4.68047D-02
5.76058D-02
6.84068D-02
7.83078D-02
9.36094D-02
9.99100D-02
1.06211D-01
1.17012D-01
1.32313D-01
1.43114D-01
1.53915D-01
1.69217D-01
1.84518D-01
1.9622OD-01
2.13321D-01
2.21422D-01
2.33123D-01
2.43024D-01
2.57426D-01
2.69127D-01
2.84428D-0l
3.02430D-01
3.15032D-01
3.22232D-01
3.34833D-01
3.50135D-01
3.60036D-01

9.00090D-04
9.00090D-04
9.00090D-04
1.35015D-05
2.25053D-05
1.80347D-05
3.20940D-05
2.95670D-05
4.80018D-05
5.77420D-05
8.24102D-05
1.11338D-04
7.06374D-04
5.97774D-06
8.39504D-06
1.86417D-05
9.40229D-06
1.25075D-05
2.56855D-05
4.27736D-05
3.39219D-05
3.48654D-05
5.80230D-05
2.93011D-07
2.59212D-07
3.85467D-07
1.98333D-07
3.10748D-07
2.85966D-07
4.77358D-07
4.43106D-07
6.72403D-07
9.64182D-07
4.13114D-09
2.97484D-09
6.19516D-09
9.67723D-09
7.49518D-09

9.00090D-04
1.80018D-03
2.70027D-03
2.71377D-03
2.73628D-03
2.75431D-03
2.78641D-03
2.81597D-03
2.86397D-03
2.92172D-03
3.00413D-03
3.11546D-03
3.82184D-03
3.827820-03
3.83621D-03
3.85485D-03
3.86425D-03
3.87676D-03
3.90245D-03
3.945220-03
3.97914D-03
4.01401D-03
4.07203D-03
4.07232D-03
4.07258D-03
4.07297D-03
4.07317D-03
4.07348D-03
4.07376D-03
4.07424D-03
4.07469D-03
4.07536D-03
4.07632D-03
4.07633D-03
4.07633D-03
4.07633D-03
4.076340-03
4.07635D-03

DEVIATION ON CUMULATIVE TOTALS - 1.44075D-02 1.91244D-03
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Surry Uni 1
Snubber Lock-up under

System: HHI Segment: HHI4C, 50C, 6C Failure Mode(s): Thermal Conditions Location:
4C - 1-04; 5C - 2-AM-A; 6C- 2-AV-A
Drawingswriks: 1105B5; 1105B9

No. Input Parameter Description Circle Choice or Set Value SeltValue Basis

I Type of Plpino Material - 316S Carbon Steol Drawlna/Spec.

2 Crack Inspection Interval loplionat) Low(6) 4luWi(i6 Hight14) Sectton Xi

3 Crack Inspection Accuracy (optional) High(l 161 Lowl.32) UT

4 Temperature nl Pipe Weld Lowl 501 Mediuml35O) Ilighf5501 170 Line List

5 Nominal Pipe Size Smatt(2) Medium(5) Largeltf) 3 Drawing

6 Thickness to O.D. Rtilo Thint os) Normal(.13) Thtck(.21) .125 Calc.

7 Normal Operating Pressure Lowl0.51 Mediut(1.3) Nlgh(2. 1) 2.52 Line List

8 Residual Stress Level NonelO. 0 1 l~ss. 2 Maxlmum(20) Judqmenl

9 InItial Flaw Condtilons One Flaw No X-Ray Spea

10 DW & Thermal Stress Levl Lowl.051 Mpdluml.1111 HlAhl.17) .132 Cae.

I I Stress Corrosion Potential | Q.O 4i Moderalelo.5) Maxlmuml.0) Judgment

12 Material Wastage Potential VW Moderate(O.5) Maxlmumtl.o) Judqment

13 Vibratory Stress Range Noneto 01 Moderate(1.5) Maxlmum(3.0) Judgment

14 g5e tresn R Medlum(.60) llriht.70) Judgment

15 Low Cycle FAtu 6rguency Metlumt20) tighl30) Judgment

16 Design Um ting Stress MlJrreak Only) Lowl.10) Medlumr.28) High(.42) .158 CalC.

17 Syslem Disabling Leak (Larne LeakOnly) Nonelo Mefduml300) Hlqhl600) 2 RWST Margln Small

18 Min. Detectable Leak IWL/roak Only) None(l MedlumlS) HinhilO) 1 Accessible

C)
tn
M

C1
0

0

I

1.,
- r

r In

;i
r,
II

3
3

.No Leak Deed"
Small Leak Prob.. No iSI: 3.871 1E-8 Small Leak Prob., With ISI: 1.4437E.7
Large Leak Prob., No lSI: 3.30tOE-6 Large Leak Prob.. With ISI: 7.1812E-8 (N/IA 1not applicable)
Break Prob.. No ISI: N/A Break Prob.. With ISI: N/A (N/A ll not applicable)

No LUa eejcln(Snubber locking up under Thermal Conditions. Iem 14 set at .7 .)(Snubber failure probability set at jo-/.)(N/A If not applicable)
Small Leak Prob., No ISI: 3.8839E-5 Small Leak Prob.. With ISI: 2.7580E-6 (NAll not appilcable)
Large Leak Prob.. No ISI: 2.6592E-5 Large Leak Prob.. Wth ISI: 9.1390E.7 (N/A If not applicable)
Broak Prob., No ISI: NtA Break Prob., With ISI: N/A (N/A If not applicable)

ojeakflatetln(Snubber nol locking up under Seismic Conditons. Item 16 set tl .5 .)(Snubber allure probablity set al 10% .)(N/A if nol applicable)
Large Leak Prob.. No ISI: 1.5955E-5 Large Leak Prob., With ISI: 1.5501E-5 (N/A I not appicable)
Break Prob.. No ISI: NIA Break Prob.. With ISI: NWA (NA If not applicable)

Leak Detection (wilhSnubber failure If most limiting
*Large Leak Prob.. No ISI: 1.0049E-5 Large Leak Prob., Wth ISI: 2.11565.- (N/A If not applicable) -Used Thermal Condilton-set 14 to 0.7;
Broak Prob.. No lSI: N/A Break Prob.. Nth fSI: N/A (N/AIInotapplicable) ApplylOV-anubberfallureprobability

&Qmm=na



Table C-23

PIPING SEGMENT HHI-4C SMALL LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

Output Print File S4PROFSL.P33 Opened at 14:01 on 03-30-1997

Type of Piping Steel MateriaL.
Pipe Weld Failure Mode
Years Between Inspections
Wall Fraction for 50% Detection
Degrees (F) at Pipe Weld
Nominal Pipe Size (NPS, inch)
Thickness / Outside Diameter
Operating Pressure (kii)
Uniform Residual Stress (ksi)
Flaw Factor (<O for 1 Flaw)
DW & Thermal Stress / Flow Stress
SCC Rate / Rate for BWR Sens. SS
Factor on Wastage of .0095 in/yr
P-P Vib. Stress (ksi for NPS of 1)
Cyclic Stress Range / Flow Stress
Fatigue Cycles per Year
Design-Limit Stress / Flow Stress
System Disabling Leak Rate (GPM)
Minimum Detectable Leak Rate (GMX)
Value of Weld Metal Flow Stress in Ksi

304 St
Small Leak

10.0
0.240
170.0

3.0
0.1250
2.52
10.0
1.ao
0.13
0.00
0.00

0.8
0.300
10.0

0.156
2.0
0.0

69.30

WESTINGHOUSE
STRUCTURAL RELIABILITY AND RISX ASSESSMENT (SRRA)

PROBABILITY OF FAILURE PROGRAM LEAKPROF ESBU-NSD

INPUT VARIABLES FOR CASE 33: 304 St Steel Pipe Segment HSI-4C;5C;6C

NCYCLE -
NOVARS -
NUMSSC -

40
28

6

NFAILS w
NUNSET -
NUNTRC -

400
6
6

NTRIAL -
NUMISI -
NUMFXD -

40000
5
5

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

11

2
3
4
5
6
7
8
9

10
11
12
13
14
i5
16
17
18
19
20
21
22
23
24
25

PIPE-ODIA
WALL/ODIA
SRESIDUAL
INTDEPTH
L/D-RATIO
FLAWS/IN
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/YR
PRESSURE
SIG-DW&TH
SCC-COEFF
SCC-EXPNT
WASTAGE
DSIG-VIBR
CYCL S/YR
DSIG-FATG
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LDEPTH-SL
SIG-FLOW

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL NO

3.5000D+00
1.2500D-01
1.0000D+01
2.2310D+01
6.0000D+00
3.7371D-03
5.O00000+00
1.0000D+01
1.0000D-03

-2.4000D-01
1.6000D+00
7.4473D+03
2.5200D+00
9.1482D+00
3.5900D-11
2.1610D+00
1.2740D-12
5.0366D-01
1.0000D+01
2.0791D+0l
9.1401D-12
4.0000D+00
1.5000D+00

-9.9900D-0l
6.9305D+01

1.6000D-02
3.8750D-03
1.4142D+00
1.2544D+00
1.7126D+00

1.0500D+00
1.0323D+00
1.2599D+00
2.3714D+00

2.3714D+00
1.3465D+00

1.4142D+00
2.8508D+00

3.2000D+00

.00 1

.00 2

.00 3
2.00 4
1.00 5

6
1
2
3
4
5

.00 1

.00 2

.00 3

.00 4
S

.00 6

.00 1
2

.00 3
1.00 4

5
6
1

.00 . 2

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
FMD
FMD
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Table C-23 (cont.)

PIPING SEGMENT HHI4C SMALL LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

26 STRESS-DL
27 B-SDLEAK
28 B-HDLEAK

- CONSTANT -
- CONSTANT -
- CONSTANT -

0.0000D+00
0.0000D+00
0.0000D+00

3 FMD
4 FMD
5 FMD

PROBABILITIES OF FAILURE MODE: THROUGH-WAIL CRACK DEPTH FOR SMALL LEAK

NUMBER FAILED - 400

FAILURE PROBABILITY WITHOUT
FOR PERIOD CUM. TOTAL

NUMBER OF TRIALS - 20149

AND WITH IN-SERVICE INSPECTIONS
FOR PERIOD CUM. TOTAL

END OF
YEAR

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25. 0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0

7.79489D-09
9.46470D-09
3.13208D-11
3.78483D-10
8.63668D-08
1.46871D-08
2.80665D-08
1.58935D-09
1.57488D-08
8.30398D-09
6.77961D-08
2.99759D-09
6.69150D-08
5.88476D-09
9.38809D-08
5.27049D-08
4.44965D-08
4.55557D-08
4.81838D-08
9.55378D-08
3.44537D-09
1.60112D-07
1.15915D-07
1.40958D-07
6.55326D-08
1.74409D-07
3.60366D-07
2.89741D-07
3.11527D-08
1.73714D-07
2.68902D-08
5.69752D-08
1.45119D-07
3.5823OD-08
2.00928D-07
4.85664D-07
6.99600D-08
1.76823D-07
2.99860D-07
1.61404D-07

7.79489D-09
1.72596D-08
1.72909D-08
1.76694D-08
1.04036D-07
1.18723D-07
1.46790D-07
1.48379D-07
1.64128D-07
1.72432D-07
2.40228D-07
2.43226D-07
3.10141D-07
3.16025D-07
4.09906D-07
4.62611D-07
5.07108D-07
5.52663D-07
6.00847D-07
6.96385D-07
6.99830D-07
8.59943D-07
9.75858D-07
1.11682D-06
1.18235D-06
1.35676D-06
1.71712D-06
2.00686D-06
2.03802D-06
2.21173D-06
2.23862D-06
2.29560D-06
2.44072D-06
2.47654D-06
2.67747D-06
3.16313D-06
3.23309D-06
3.40991D-06
3.70977D-06
3.87118D-06

7.79489D-09
9.46470D-09
3.13208D-11
3.78483D-10
8.63668D-08
5.86592D-11
5.87488D-10
1.00813D-11
2.59319D-10
1.31959D-10
3.15093D-09
1.38613D-10
1.84343D-08
2.34647D-10
1.24159D-08
1.27105D-11
4.34416D-11
8.66326D-12
7.22501D-11
1.03817D-09
2.80123D-12
7.51578D-10
5.23298D-10
2.09795D-09
1.81833D-10
5.09877D-12
1.85859D-11
6.00553D-11
3.80827D-13
1.32070D-11
1.75926D-12
1.90512D-12
6.53594D-11
2.42113D-12
1.64363D-11
1.47700D-12
1.34318D-14
7.48626D-14
8.16170D-13
5.55890D-13

7.79489D-09
1.72596D-08
1.72909D-08
1.76694D-08
1.04036D-07
1.04095D-07
1.04682D-07
1.04692D-07
1.049520-07
1.05084D-07
1.08235D-07
1.08373D-07
1.26807D-07
1.27042D-07
1.39458D-07
1.39471D-07
1.39514D-07
1.39523D-07
1.39595D-07
1.40633D-07
1.40636D-07
1.41388D-07
1.41911D-07
1.44009D-07
1.44191D-07
1.44196D-07
1.44214D-07
1.44274D-07
1.44275D-07
1.44288D-07
1.44290D-07
1.44292D-07
1.44357D-07
1.44360D-07
i.44376D-07
1.44377D-07
1.44377D-07
1.44378D-07
1.44378D-07
1.44379D-07

3.73674D-08DEVIATION ON CUKULATIVE TOTALS - 1.91633D-07
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Table C-24

PIPING SEGMENT HHI4C LARGE LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

Output Print File S4PROPLL.P34 Opened at 14:03 on 03-30-1997

Type of Piping Steel Material
Pipe Weld Failure Mode
Years Between Inspections
Wall Fraction for 50% Detection
Degrees (F) at Pipe Weld
Nominal Pipe Size (NPS, inch)
Thickness / Outside Diameter
operating Pressure (ksi)
Uniform Residual Stress (ksi)
Flaw Factor (<0 for 1 Flaw)
DW a Thermal Stress / Plow Stress
SCC Rate / Rate for BWR Sens SS
Factor on Wastage of .0095 in/yr
P-P Vib. Stress (ksi for NPS of 1)
Cyclic Stress Range / Flow Stress
Fatigue Cycles per Year
Design-Limit Stress / Flow Stress
System Disabling Leak Rate (GPM)
Minimum Detectable Leak Rate (GPM)
Value of Weld Metal Flow Stress in Rsi

304 St
Large Leak

10.0
0.240
170 0

3.0
0.1250

2.52
10.0
1.00
0 13
0.00
0.00

0.8
0.300

10.0
0.156

2.0
0.0

69.30

WESTINGHOUSE
STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)

PROBABILITY OF'FAILURZ PROGRAK LEARPROF ESBU-NSD

INPUT VARIABLES FOR CASE 34: 304 St Steel Pipe Segment HHI-4C;SC;6C

NCYCLE -
NOVARS -
NUMSSC -

40
28

6

NFAILS -
NUMSET -
NUMTRC -

400
6
6

NTRIAL -
NUMISI -
NUMFD -

50000
5
5

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION SHIFT USAGE
OR FACTOR MV/SD NO. SUE

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
is
19
20
21
22
23
24
25

PIPE-ODIA
WALL/ODIA
SRESIDUAL
INTDEPTH
L/D-RATIO
FLAWS/IN
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/YR
PRESSURE
SIG-DW&TH
SCC-COEF?
SCC-EXPNT
WASTAGE
DSIG-VIBR
CYCLES/YR
DSIG-FATG
FCG-COEFF
FCG-EXPNT
PCG-THOLD
LDEPTH-SL
SIG-FLOW

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL NO

3 5000D+00
1.2500D-01
1. OOOOD+01
2.2310D+01
6. 0000D+00
3.7371D-03
5.0000D+00
1.0000D+01
1.0000D-03

-2 4000D-01
1.6000D+00
7 4473D+03
2 5200D+00
9.1482D+00
3 5900D-11
2. 1610D+00
1.2740D-12
5.0366D-01
1. OOOOD+01
2. 0791D+01
9.1401D-12
4.OOOOD+00
1.5000D+00
0.OOOOD+00
6 9305D+01

1.6000D-02
3 8750D-03
1. 41420+00
1.2544D+00
1.7126D+00

1. 0500D+00
1.0323D+00
1.25990+00
2 2.3714D+00

2. 3714D+00
1.3465D+00

1 4142D+00
2. 8508D+00

3.2000D+00

.00 1

.00 2

.00 3
2.00 4
2.00 5

6
1
2
3
4
5

.00 1

.00 2

.00 3

.00 4
5

.00 6

.00 1
2

.00 3
1.00 4

5
6
1

.00 2

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI
ISt
ISI
SSC
SSC
SSC
SSC
S3C
SSC
TRC
TRC
TRC
mC
TRC
TRC
FMD
FKD
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Table C-24 (conQ)
PIPING SEGMENT HHI-4C LARGE LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

26 STRESS-DL
27 B-SDLEAK
28 B-MDLEAK

NORMAL YES
- CONSTANT -
- CONSTANT -

1. 0812D+01
2.1472D+00
1.0996D+01

1.4142D+00 .00 3 FHD
4 FMD
5 F2D

PROBABILITIES OF FAILURE MODE: EXCEED DISABLING LEAK RATE OR BREAK

NUMBER FAILED - 400

FAILURE PROBABILITY WITHOUT
FOR PERIOD CUM. TOTAL

NUMBER OF TRIALS - 12856

AND WITH IN-SERVICE INSPECTIONSEND OF
YEAR FOR PERIOD CUK. TOTAL

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12..0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0

5.82716D-09
5.40650D-10
2.17075D-08
3.41189D-09
1.95021D-08
2.98215D-09
2.20484D-09
7.77410D-09
7.49491D-08
1.26132D-07
1.07364D-07
1.28547D-09
2.41892D-09
2.09598D-08
4.78265D-09
1.32994D-08
2.91318D-09
1.10658D-09
6.24337D-09
1.33228D-08
3.01319D-08
3.93092D-09
5.30892D-08
2.06607D-08
7.11882D-09
2.98475D-08
4.16055D-07
1.13945D-08
2.81386D-07
2.93171D-07
3.64955D-08
4.43675D-07
1.80622D-08
1.90696D-08
2.98955D-08
1.52949D-07
2.87227D-08
3.60078D-08
1.41005D-07
8.09670D-07

5.82716D-09
6.36781D-09
2.80753D-08
3.14872D-08
5.09893D-08
5.39714D-08
5.61763D-08
6.39504D-08
1.38900D-07
2.65032D-07
3.72396D-07
3.73682D-07
3.76100D-07
3.97060D-07
4.01843D-07
4.15142D-07
4.18055D-07
4.19162D-07
4.25405D-07
4.38728D-07
4.68860D-07
4.72791D-07
5.25880D-07
5.46541D-07
5.53660D-07
5.83507D-07
9.99563D-07
1.01096D-06
1.29234D-06
1.58551D-06
1.62201D-06
2.06569D-06
2.08375D-06
2.10282D-06
2.13271D-06
2.28566D-06
2.31438D-06
2.35039D-06
2.49140D-06
3.30107D-06

5.82716D-09
5.40650D-10
2.17075D-08
3.41189D-09
1.95021D-08
1.35074D-11
1.24969D-11
8.08788D-11
3.32346D-09
3.42091D-09
9.25053D-09
7.19833D-11
2.2014lD-10
2.37549D-09
3.73470D-10
2.71688D-12
1.50510D-12
4.37912D-12
2.28004D-11
3.92645D-11
6.22060D-11
3.83968D-12
7.86797D-10
3.0079;D-10
1.46774D-1C
2.80055D-13
9.93567D-13
1.66484D-13
3.63781D-11
1.60880D-10
2.053680-12
6.27477D-11
3.15045D-12
3.09455D-13
3.51307D-11
1.46158D-12
5.27857D-14
6.u *46D-14

1.74272D-13
5.18944D-12

5.82716D-09
6.36781D-09
2.80753D-08
3.14872D-08
5.09893D-08
5.10028D-08
5.10153D-08
5.10962D-08
5.44196D-08
5.78405D-08
6.70911D-08
6.71630D-08
6.73832D-08
6.97587D-08
7.0132lD-08
7.01349D-08
7.01364D-08
7.01407D-08
7.01635D-08
7.02028D-08
7.02650D-08
7.02689D-08
7.10557D-08
7.13564D-08
7.15032D-08
7.15035D-08
7.15045D-08
7.15047D-08
7.15410D-08
7.17019D-08
7.17040D-08
7.17667D-08
7.17699D-08
7.17702D-08
7.18053D-08
7.18068D-08
7.18068D-08
7.18069D-08
7.18071D-08
7.18122D-08

DEVIATION ON CUMULATIVE TOTALS - 1.62472D-07 2.43370D-08
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0

0-

I1

Surry UnIl 1
Welds: 3) 1-13; 4)1-15; 5) 1-12; 6)1-16

System: LHI Segment: LH1003,004,005.006 Failure Mode(s): Fatigue Location: Drawingswrinks 1106A7

No. Input Parameter Description circle Choice or Sel Value Set Value Basis

I Type ol Piping Mater3al 31655 Carbon Steel DrawinWSPec
2 Crack Inspection Interval (optional) Low(61 1-.ltr4iO) t High(14) Sectlon Xi

3 Crack Inspection Accuracy loptional) Hiaht. I 6 Lowl.32) UT
4 Temoerature at Pipe Weld Low( ts0) Medium(350) HlohlS50t 170 Line Lst

5 Nominal Pie SIzs Smatii2) Medtumj5) Larpait61 12 DrawIno

6 Thickness to O.O. Ratio Thinl.05) Normal(.13) Thickk.21) .0294 Calc.

7 Normal Operating Pressure Lowlo(j Msdlum(1.3) Hlhi2. 1) .10 L.ne Ust

8 Residual Stress Level NonelO 0) Maxlmum[20) Judament

9 Initial Flaw Conditions One Flaw W No X-Ray Spec.

10 DW & Thermal Stress Level Low( 05) Medlumt.l II Hlah(. 71 .1 Code Allowable

I I Stress Corrosion Potential ; ModsratetOI. Maxlmum(l.0) Judilment

1 2 Material Wastage Potential - Moderale(0.5) Maximumrl .0) Judament

13 Vibratory Stress Ranqe l Moderatdll51 Maxlmuml3.0l Judoment

14 Fatigue Siress Range Medlum( 50) H1-11.70) Judgment

15 Low Cy ale Fatgque Frequency i M dlumn20) Hight30l Judgment

t6 Design Umiling Stress (LL/Break Only) Low(.10) Meduuml 26) Highf.42) .Itt Code Allowable

I 7 System Disabting Leak (Large Leak Only) Nonelo) Medium(300) Highl600) 2 Assumed Smatt

18 Min. Detectable Leak (LtUBreak Only) NonenjO) Medium(5 High(1t01 None Not used In testing

6)

z

t-E

0

0

VI
NoLeakDt
Small Leak Prob.. No ISI: 2.)050E-5 Small Leak Prob.. Wlih ISI: 7.4804E-7
Large Leak PRob No ISI: 1.6218E-5 Large Leak Prob. With ISI: t.1679E-7 (N/Altnotapplicable)
Break Ptob.. No ISI: N/A Break Ptob.. Wilh ISI: N/A (N/A l not applicable)

NIoLkDneleto(Snubbei locking up under Thermal Conditions. Item 14 sal a' N/A .)(Snubbe, (allure probability set at N/A -.)(N/A U not applIcable)
Small Loak Prob. No ISI: Small Leak Ptob.. With ISI: . (N/Allnolapplicable)
Large Leak Prob.. No ISI: . Large Leak Prob.. With ISI: . (N/A l not applicable)
Break Prob.. No ISI: Break PRob., With ISI: (N/A ll not applicable)

No Leak D}tw tion(Snubber notlocing Up under Selsmlo Conditions. Item 16 set Al NIA .)(Snubber eailure ptobability set NLIA..)J(N/A if not applicable)
Large Leak Pob.. No ISI: Large Leak Prob.. With ISI: (N/Al Inot applicable)
break Ptob.. No ISI: , Break Ptob.. With ISI: z (N/Al 1not applicable)

Leak Detection rwith Snubber faitrure It matt limiting)
Large Leak Prob.. No iSI: N/A Large Leak Ptob.. Wth ISI: N/A (N/A U nol applicable)
Break Prob.. No ISI: N/A Break Prob.. Wlth ISI: N/A (N/A l not applicable)

CommAntLL
Code Allowables used.



Table C-26
PIPING SEGMENT LHI-04 SMALL LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

Output Print File S4PROFSL.P52 Opened at 11:19 on 04-07-1997

Type of Piping Steel Material
Pipe Weld Failure Mode
Years Between Inspections
Wall Fraction for 50% Detection
Degrees (F) at Pipe Weld
Nominal Pipe Size (NPS, inch)
Thickness / Outside Diameter
Operating Pressure (kIsi)
Uniform Residual Stress (ksi)
Flav Factor (<O for 1 Flaw)
DW & Thermal Stress / Flow Stress
SCC Rate / Rate for BWR Sens. SS
Factor on Wastage of .0095 in/yr
P-P Vib. Stress (ksi for NPS of 1)
Cyclic Stress Range / Flow Stress
Fatigue Cycles per Year
Design-Limit Stress / Flow Stress
System Disabling Leak Rate (GPM)
Minimum Detectable Leak Rate (GPM)
Value of Weld Metal Flow Stress in Ksi

304 St
Small Leak

10.0
0.240
170.0
12.0

0.0294
0.10
10.0
1.00
0.10
0.00
0.00

0.0
0.300
10.0

0.111
2.0
0.0

69.30

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
PROBABILITY OF FAILURE PROGRAM LEAXPROFWESTINGHOUSE ESBU-NSD

INPUT VARIABLES FOR CASE **: 304 St Steel Pipe Segment LHI-3;4;5;6

NCYCLE -
NOVARS -
NUMSSC -

40
28

6

NPAILS -
NUnSET -
NUXTRC -

400
6
6

NTRtTLL -
NUMISI -
NUxMI =

40000
5
5

VARIABLE
NO. NAME

1 PIPE-ODIA
2 WALL/ODIA
3 SRESIDUAL
4 INT%DEPTH
5 L/D-RATIO
6 FLAWS/IN
7 FIRST-ISI
8 FREQ-ISI
9 EPST-PND

10 ASTAR-PND
11 ANUU-PND
12 HOURS/YR
13 PRESSURE
14 SIG-DW&TH
15 SCC-COEFF
16 SCC-EXPNT
17 WASTAGE
18 DSIG-VIBR
19 CYCLES/YR
20 DSIG-FATG
21 FCG-COEFF
22 FCG-EXPNT
23 FCG-THOLD
24 LDEPTH-SL
25 SIG-FLOW

DISTRIBUTION
TYPE LOG

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -

- CONSTANT -
-NORMAL YES
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL NO

MEDIAN
VALUE

1.2750D+01
2.9400D-02
1.0000D+01
2.6249D+01
6.OOOOD+00
4.0489D-03
5.0000D+00
1.0000D+01
1.0000D-03

-2.4000D-01
1.6000D+00
7.44731+03
1. 0000-01
6.9305D+00
3.5900D-11
2.1610D+00
1.274OD-12
1.6667D-04
1.000D+01
2.0791D+01
9.1401D-12
4.0000D+00
1.5000D+00

-9.9900D-01
6.9305D+01

DEVIATION
OR FACTOR

3.2000D-02
9.1140D-04
1.4142D+00
1.2312D+OO
1.7126D+O0

1. 0500D+00
1.0323D+00
1.2599D+OO
2.3714D+00

2.3714D+00
1.3465D+00

1.4142D+00
2.8508D+00

3.2000D+00

SHIFT USAGE
WV/SD NO. SUB

.00 1 SET

.00 2 SET

.00 3 SET
2.00 4 SET
1.00 5 SET

6 SET
1 ISI
2 ISI
3 ISI
4 ISI
5 ISI

.00 1 SSC

.00 2 SSC

.00 3 SSC

.00 4 SSC
S SSC

.00 6 SSC

.00 1 TRC
2 TRC

.00 3 TRC
1.00 4 TRC

5 TRC
6 TRC
1 FKD

.00. 2 FKD
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Table C-26 (cont.)
PIPING SEGMENT LHI-04 SMALL LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

26 STRESS-DL
27 B-SDLEAR
28 B-HDLEAK

- CONSTANT -
- CONSTANT -
- CONSTANT -

0.00000+00
O.OOOOD+00
0. 0000+00

3 FMD
4 FMD
5 FMD

PROBABILITIES OF FAILURE MODE: THROUGH-WALL CRACK DEPTH FOR SMALL LEAK

NUMBER FAILED - 400 NUMBER OF TRIALS - 18634

mmD OF
YEAR

FAILURE PROBABILITY WITHOUT
FOR PERIOD CUK. TOTAL

AND WITH IN-SERVICE
FOR PERIOD

INSPECTIONS
CUM. TOTAL

2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18. 0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0

1.45468D-08
9.60939D-10
4.68097D-07
6.12827D-08
1.75877D-07
7.07888D-08
4.36571D-08
2.33301D-07
8.30516D-08
3.45188D-07
5.11694D-07
3.83721D-07
9.73126D-08
4.81176D-07
8.98940D-08
1.11501D-06
2.402470-07
6.92592D-07
3.95971D-07
9.86178D-07
7.60547D-07
1.16786D-06
1.63321D-06
3.656240-07
3.27005D-07
2.34827D-07
5.83098D-07
3.45369D-07
2.40198D-07
5.02699D-07
3.38754D-07
5.71615D-07
3.02256D-07
2.10327D-07
2.81382D-06
1.12904D-06
2.42155D-07
7.07655D-07
1.08366D-06

1.45468D-08
1.55077D-08
4.83605D-07
5.44888D-07
7.20765D-07
7.91554D-07
8.35211D-07
1.06851D-06
1.15156D-06
1.49675D-06
2.00845D-06
2.39217D-06
2.48948D-06
2.97066D-06
3.06055D-06
4.17556D-06
4.41581D-06
5.10840D-06
5.50437D-06
6.49055D-06
7.25109D-06
8.41896D-06
1.00522D-05
1.04178D-05
1.07448D-OS
1.09796D-05
1.15627D-05
1.19081D-05
1.21483D-OS
1.26510D-05
1.29897D-05
1.35614D-05
1.38636D-05
1.40739D-05
1.68878D-05
1.80168D-05
1.82589D-05
1.89666D-05
2.00503D-05

1.45468D-08
9.60939D-10
4.68097D-07
6.12827D-08
5.03385D-10
4.56368D-10
3.16315D-10
4.79062D-09
1.09621D-09
5.25852D-08
3.36194D-08
2.68504D-08
9.45615D-09
1.89192D-08
1.27178D-11
7.35594D-10
1.85449D-10
1.65287D-09
1.91372D-10
2.13247D-09
8.78818D-10
1.10003D-08
3.72827D-08
2.49567D-10
3.15683D-12
9.48577D-13
1.72205D-12
5.09393D-11
3.55000D-12
9.06996D-12
3.10176D-11
5.57266D-11
6.36701D-11
3.20227D-12
1.756480-11
1.30517D-12
2.08426D-14
3.42589D-12
5.46998D-13

1.45468D-08
1.55077D-08
4.83605D-07
5.44888D-07
5.45391D-07
5.45847D-07
5.46164D-07
5.50954D-07
5.52051D-07
6.04636D-07
6.38255D-07
6.65106D-07
6.74562D-07
6.93481D-07
6.93494D-07
6.94229D-07
6.94415D-07
6.96068D-07
6.96259D-07
6.98392D-07
6.99270D-07
7.10271D-07
7.47553D-07
7.47803D-07
7.47806D-07
7.47807D-07
7.47809D-07
7.47860D-07
7.47863D-07
7.47872D-07
7.47903D-07
7.47959D-07
7.48023D-07
7.48026D-07
7.48043D-07
7.48045D-07
7.48045D-07
7.48048D-07
7.48049D-07

DEVIATION ON CUMULATIVE TOTALS - 9.91721D-07 1.93568D-07
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,! i Table C-27
PIPING SEGMENT LHI-04 LARGE LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

Output Print File S4PROFLL.P53 Opened at 11:22 on 04-07-1997

Type of Piping Steel Material
Pipe Weld Failure Mode
Years Between Inspections
Wall Fraction for 50% Detection
Degrees (F) at Pipe Weld
Nominal Pipe Size (NPS, inch)
Thickness / outside Diameter
Operating Pressure (ksi)
Uniform Residual Stress (ksi)
Flav Factor (cO for 1 Flav)
DW & Thermal Stress / Flow Stress
SCC Rate / Rate for 'RW Sens. SS
Factor on Wastage of .0095 in/yr
P-P Vib. Stress (ksi for NPS of 1)
Cyclic Stress Range / Flow Stress
Fatigue Cycles per Year '
Design-Limit Stress / Flow Stress
System Disabling Leak Rate (GPM)
Minimum Detectable Leak Rate (GPM)
Value of Weld Metal Flow Stress in Ksi

304 St
Large Leak

10.0
0.240
170.0
12.0

0.0294
0.10
10.0
1.00
0.10
0.00
0.00

0.0
0.300

10.0
0.111

2.0
0.0

69.30

WESTINGHOUSE
STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)

PROBABILITY OF FAILURE PROGRAM LEPJ3ROF ESBU-NSD

INPUT VARIABLES FOR CASE *-: 304 St Steel Pipe Segment LHI-3;4;5;6

NCYCLE -
NOVARS -
NUMSSC -

40
28

6

NFAILS -
NUNSET -
NUMTRC -

400
6
6

NiRIAL -
NUMasI -
NU~MD M

50000
5
5

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PIPE-ODIA
WALL/ODIA
SRESIDUAL
INTDEPTH
L/D-RATIO
FLAWS/IN
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/YR
PRESSURE
SIG-DW&TH
SCC-COEFF
SCC-EXPNT
WASTAGE
DSIG-VIBR
CYCLES/YR
DSIG-FATG
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LDEPTH-SL
SIG-FLOW

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL NO

1. 2750D+01
2.9400D-02
1. 0000D+01
2.6249D+01
6.0000D+00
4.0489D-03
5.0000D+00
1.0000D+01
1.0000D-03

-2.4000D-01
1.6000D+00
7.4473D+03
1.0000D-01
6. 9305D+00
3.5900D-11
2.1610D+00
1.2740D-12
1.6667D-04
1.0000D+01
2.0791D+01
9.1401D-12
4.0000D+00
1.5000D+00
0.0000D+00
6.9305D+01

3.2000D-02
9.114OD-04
1.4142D+00
1.2312D+00
1.7126D+00

1.0500D+00
1.0323D+00
1.2599D+00
2.3714D+00

2.3714D+00
1.3465D+00

1.4142D+00
2.8508D+00

3.2000D+00

.00 1

.00 2

.00 3
2.00 4
2.00 5

6
1
2
3
4
5

.00 1

.00 2
.00 3
.00 4

5
.00 6
.00 1

2
.00 3

1.00 4
5
6
1

.00 2

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
FXD
PHD
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Table C-27 (cont)
PIPING SEGMENT LHI-04 LARGE LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

26 STRESS-DL
27 B-SDLEAK
28 B-MDLEAK

NORMAL YES
- CONSTANT -
- CONSTANT -

7.6928D+00
1.0546D+0l
4.0055D+01

1.4142D+00 .00 3 FXD.
4 FMD
5 FY3

PROBABILITIES OF FAILURE MODE: EXCEE DISABLING LEAK RATE OR BREAK

NUMBER FAILED - 400

FAILURE PROBABILITY WITHOUT
FOR PERIOD CUM. TOTAL

NUMBER OF TRIALS - 30280

AND WITH IN-SERVICE INSPECTIONSEND OF
YEAR FOR PERIOD CUM. TOTAL

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0

2.76955D-13
1.84989D-11
1.83449D-09
8.59677D-08
4.193SOD-09
1.17526D-08
4.54052D-08
6.93727D-10
1.20927D-08
1.80472D-07
1.03478D-07
2.54853D-07
9.21467D-08
2.49914D-08
1.29152D-07
2.28668D-07
2.56427D-08
3.8332lD-08
2.17753D-06
9.52658D-09
1.20682D-07
7.15812D-08
8.98377D-08
5. 94033D-09
1.53423D-06
9.41368D-08
9.55581D-08
1.20868D-08
5.42698D-08
1.80875D-07
8.68635D-07
2.64816D-08
8.24575D-10
7.73052D-06
3.27432D-08
6.20221D-08
2.13319D-08
9.22975D-08
2.96237D-07
4.01302D-07

2.769550-13
1.87758D-11
1.85326D-09
8.78210D-08
9.20145D-08
1.03767D-07
1.49172D-07
1.49866D-07
1.61959D-07
3.42431D-07
4.45909D-07
7.00761D-07
7.92908D-07
8.179000-07
9*47051D-07
1.17572D-06
1.20136D-06
1.239690-06
3.41722D-06
3.42675D-06
3.54743D-06
3.61901D-06
3.70885D-06
3.71479D-06
5.24902D-06
5.34316D-06
5. 43872D-06
5.45080D-06
5.50507D-06
5.68595D-06
6.55458D-06
6.58106D-06
6.58189D-06
1.43124D-05
1.43452D-05
1.44072D-05
1.44285D-OS
1.452080-05
1.48170D-0S
l.52183D-05

2.769550-13
1.84989D-11
1.83449D-09
8.59677D-08
4.19350D-09
1.90456D-11
7.36206D-11
3.52033D-12
2.60716D-11
1.96590D-09
4.53304D-09
1.10643D-08
8.22837D-10
3.96435D-10
3.49984D-09
4.84983D-12
2.58860D-12
3.0156LD-12
8.06941D-10
1.09011D-12
2.09011D-11
2.18645D-11
1.04829D-10
1.30089D-12
1.37853D-09
1.24883D-13
4.07495D-13
2.80659D-14
1.44749D-13
6.39415D-13
3.434030-13
3.88684D-12
4.93642D-14
8.74417D-13
2.14956D-11
3.11588D-15
1.720150-15
6.88458D-14
2.90554D-15
4.760370-15

2.76955D-13
1.87758D-11
1.85326D-09
8.78210D-08
9.20145D-08
9.20335D-08
9.21071D-08
9.21107D-08
9.21367D-08
9.41026D-08
9.86357D-08
1.09700D-07
1.10523D-07
1.10919D-07
1.14419D-07
1.14424D-07
1.14427D-07
1.14430D-07
1.15237D-07
1.15238D-07
1.15259D-07
1.15280D-07
1.15385D-07
1.15387D-07
1.16765D-07
1.16765D-07
1.16766D-07
1.16766D-07
1.16766D-07
i.16766D-07
1.16767D-07
1.16771D-07
1.16771D-07
1.16772D-07
1.16793D-07
1.16793D-07
1.16793D-07
1.16793D-07
1.16793D-07
1.16793D-07

DEVIATION ON CUKULATIVE TOTALS - 7.55887D-07 6.66573D-08
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Surry Unil 1

System: RC Segment: RC-016. 017
Striping; Some Stratification;

Failure Mode(s): Thermal Faaigue Location:
ID nfot of Welds 1-08. 2-08:
DravAngs 1221H11 122KI

No. Input Parameter Description Circle Choice or Set Vadue Set Value Basis

I Tvpa of PIping Material 3045S Carbon Steel Drawing/spec.

2 Crack Inspection Interval (optional) Low(S) 0). High( 14) Section Xl

3 Crack Inspection Accuracy (optional) Hiqhl.t6 1 i Lowl.32) UT

4 Temperature at Pipe Weld Low150o) Madlumi350) Hights5o) coo Line Uslt

5 Nominal Plpe Sire Smail(2) Mdtum(5) Largeits) 6 Drawing

6 Thickness to 0. 0. Ratio _Thln.051 -Norm .13) Thickf.21 .085 Cal.

7 Normal Operating Pressure LowO.5) Mediuml1.3) Nahf2.11 2.52 Line Ust

8 Residual Stress Level NonelO.01 0)0 Maxlmum(20t Judament

9 Initial Flaw Conditions 5l~sr Y X-Rray NDE No X-Rav Striping

10 o W & Tharmal Stress Level Low(.0S) Meduml.111) Hqhl. 17) .186 Cad.

I t Stress Corroslon Potential .j}; ji Moderale(O.5) MaxImumi .0) Judgment

12 Material Waslage Potential _ _ Modarate 0.5) MaxImuml1.0) Judament, materIal

13 Vibratory Stress Range 04h Moderalat1.5) Mwdmum(3.0) Judgment, not near pump

14 IFatu Stlress Rang * Low(30) Meduml.50) Hbqhl.70) .8 Strat. (Some)

15 I al Ftige en5Y Medium(20) HRqhl3O) Small Changes Annually

16 Design Umiinq Stress (LUfLreak Only) Low(.10) Medium(.26) Hklh(.421 .132 Calc.

17 System Disabling Leak (Large Leak Only) NonelO1 Medlumi300) UqhlG6001 ) S001 Large LOCA

18 Mh. Delectable Leak (LLtBreak Only) Nonefo) Medium(s) 11 . T.S. LImit

No Leak Denle,~or
*Small Leek Prob.. No ISI: 5.3143E.4 : Small Lesk Prob.. With ISI: t .6947E-5
'Largs Leak Prob.. No ISI: 3.089E-4 Large Leak Prob.. With ISI: 5.5208E-S (N/A ll not applicable)
Break Prob., No ISI: N/A Break Prob.. With ISI: N/A (NIA lt not applicable)

No Leak Detecon(Snubber locking up under Thermal Conditions. Item 14 sel etfat .)(Snubber (alure probability set at NA)N/A N not applicable)
Small Leak Prob., No ISI: Small Leak Prob.. With ISI: (N/A I not applicable)
Large Leak Prob.. No ISI: / Large Leak Prob.. With ISI: (N/A ll not applicable)
Break Prob.. No ISI: Break Prob.. With ISI: (N/A ll not applicable)

NQeao kDeitaen(Snubber not lockIng up under Selsmi Conditions Item 16 set aLNLA . .)(Snubber fallure probabilFity sat aL.A.)(N/A I not applicable)
Large Leak Prob.. No 131: , Large Leak Prob.. With ISI: (N/A ll not applicable)
Break Prob.. No ISI: Break Prob.. With ISI: . (N/A ll not Applicable)

Leat Dettect e-fi u bsjabrM iaasumttig)
*Large Leak Prob.. No ISI: 2.2022E-5 Large Loak Prob.. With ISI: 2.3951E-7 (N/A ii not applicable)
Break Prob.. No ISI: N/A Break Prob.. With ISI: N/A (N/A lt not applicable)

Comments
*Use Values

-4

z

0

-4

0

(n

H-

IT

2



Table C-29
PIPING SEGMENT RC-16 SMALL LEAK FAILURE

PROBABILITY SRRA MODEL OUTPUT

Output Print File S6PROFSL.P01 Opened at 12:46 on 01-16-1997

Type of Piping Steel Material
Pipe Weld Failure Mode
Years Between Inspections
Wall Fraction for 50t Detection
Degrees (F) at Pipe Weld.
Nominal Pipe Size (NPS, inch)
Thickness / Outside Diameter
Operating Pressure (ksi)
Uniform Residual Stress (ksi)
Flaw Factor (kO for I Flaw)
DW & Thermal Stress / Flow Stress
SCC Rate / Rate for BWR Sens. SS
Factor on Wastage of 0.095 in/yr
P-P Vib. Stress (ksi for NPS of 1)
Cyclic Stress Range / Flow Stress
Fatigue Cycles per Year
Design-Limit Stress / Flow Stress
System Disabling Leak Rate (GPM)
Minimum Detectable Leak Rate (GPM)
Value of Weld Metal Flow Stress in Ksi

316 St
Small Leak

10.0
0.240
606.0

6.0
0.0850
2.52
10.0

-10.80
0.19
0.00
0.00

0.0
0.600
10.0
0.132

5001.0
0.0

51.08

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
WESTINGHOUSE PROBABILITY OF FAILURE PROGRAM LEAXPROF ESBU-SMPI
.. a- .......... =us-.sS-----WS...------S-S-W--- is_ SS_= ---- ssssa

INPUT VARIABLES FOR CASE 1: 316 St Steel Pipe Segment RC016017

NCYCLE - 40 NFAILS - 400 NTRIAL - 40000
NOVARS - 28 NUMSET . 6 NUMISI - 5
NUMSSC - 6 NUMTRC = 6 NUMFMD a 5

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
is
19
20
21
22
23
24
25

PIPE-ODIA
WALL/ODIA
SRESIDUAL
INTSDEPTH
L/D-RATIO
FLAWS/IN
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/YR
PRESSURE
SIG-DW&TH
SCC-COEFF
SCC-EXPNT
WASTAGE
DSIG-VIBR
CYCLES/YR
DSIG-FATG
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LDEPTH-SL
SIG-FLOW

NORMAL NO
NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL NO

6.6250D+00
8.5000D-02
1.0000D+00
1.7036D+01
6.OOOOD00
-3.4370D-02
5.0000D+00
1.0000D+01
1.0000D-03
-2.4000D-01
1.6000D+00
7.4473D+03
2.5200D+00
9.5018D+00
3.2310D-12
2.1610D+00
1.2740D-12
3.6957D-04
1.0000D+01
3.0651D01
9.1401D-12
4.0000D+00
1.5000D+00

-9.9900D-01
5.1085D+01

2.4000D-02
2.6350D-03
1.4600D+01
1.3000D+00
1.7126D+00

1.0500D+00
1.0323D+00
1.2599D+00
2.3714D+00

2.3714D+00
1.3465D+00

1.4142D+00
2.8508D+00

3.2000D+00

.00 1

.00 2

.00 3
2.00 4
1.00 5

6
1
2
3
4
5

.00 1
.00 2
.00 3
.00 4

S
.00 6
.00 1

2
.00 3

1.00 4
S
6
1

.00. 2

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI
ISt
ISI
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
FMD
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Table C-29 (cont.)
PIPING SEGMENT RC-16 SMALL LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

26 STRESS-DL
27 B-SDLEAX
28 B-NDLEAK

- CONSTANT -
- CONSTANT -
- CONSTANT -

0.0000D+00
0.0000D+00
0.0000D+00

3 FMD
4 FMD
5 FMD

PROBABILITIES OF FAILURE MODE: THROUGH-WALL CRACK DEPTH FOR SMALL LEAK

NTMBER FAILED - 400 NUXBER OF TRIALS = 10023

END OF
YEAR

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0

FAILURE PROBABILITY WITHOUT AND WITH IN-SERVICE INSPECTIONS
FOR PERIOD CUM. TOTAL FOR PERIOD CUM. TOTAL

7.06487D-08
1.13614D-07
2.61393D-06
3.41953D-06
1.46373D-06
8.54034D-06
1.53790D-06
5.13029D-06
3.34913D-05
1.34063D-05
2.12286D-06
6.37091D-06
2.03347D-06
6.00747D-06
2.23316D-06
2.09041D-06
1.11525D-05
2.59331D-OS
3.55314D-06
2.14520D-05
1.19558D-05
1.09761D-05
6.60885D-06
1.26317D-05
2.12868D-05
1.75070D-05
1.71112D-05
1.20523D-05
6.37933D-06
3.94675D-06
2.80601D-05
3.824010-06
1.34925D-05
6.70825D-06
1.75079D-05
3.64864D-05
2.38315D-OS
1.68424D-06
1.05336D-04
1.93159D-05

7.06487D-08
1.84263D-07
2.79819D-06
6.21772D-06
7.68145D-06
1.62218D-05
1.77597D-05
2.28900D-OS
5.63813D-05
6.97876D-05
7.19104D-05
7.82813D-05
8.03148D-OS
8.63223D-05
8.855S4D-05
9.06459D-05
1.01798D-04
1.27731D-04
1.31285D-04
1.52737D-04
1.64692D-04
1.75668D-04
1.84277D-04
1.96909D-04
2.18196D-04
2.35703D-04
2.52814D-04
2.64866D-04
2.71246D-04
2.75192D-04
3.03252D-04
3.07076D-04
3.20569D-04
3.27277D-04
3.44785D-04
3.81271D-04
4.05103D-04
4.06787D-04
5.12123D-04
5.31439D-04

7.06487D-08
1.13614D-07
2.61393D-06
3.41953D-06
1.46373D-06
2.90948D-08
2.84612D-08
2.25817D-07
2.71911D-06
1.64706D-06
1.52146D-07
5.04352D-07
2.12273D-07
7.58031D-07
4.09244D-07
7.82116D-10
5.67209D-09
1.11759D-07
7.64279D-09
1.49909D-07
4.70574D-07
1.06634D-07
3.46454D-07
4.64703D-07
6.70642D-07
2.19842D-09
9.58261D-09
4.92245D-09
3.98305D-09
4.90611D-09
3.80871D-08
5.28790D-09
2.60070D-08
1.99906D-08
9.03759D-08
3.11328D-10
2.34054D-10
5.27691D-11
3.72499D-08
2.00214D-09

7.06487D-08
1.84263D-07
2.79819D-06
6.21772D-06
7.68145D-06
7.7105SD-06
7.73901D-06
7.96482D-06
1.06839D-OS
1.23310D-05
1.24831D-05
1.29875D-05
1.31998D-05
1.39578D-05
1.43670D-05
1.43678D-OS
1.43735D-05
1.448S3D-OS
1.44929D-05
1.46428D-05
l.S1134D-05
1.52200D-05
1.55665D-05
1.60312D-05
1.67018D-OS
1.67040D-05
1.67136D-05
1.67185D-05
1.67225D-OS
1.67274D-OS
1.67655D-OS
1.67708D-05
1.67968D-05
1.68168D-05
1.69072D-05
1.69075D-OS
1.69077D-OS
1.69078D-05
1.69450D-OS
1.69470D-05

DEVIATION ON CUMULATIVE TOTALS - 2.60376D-os 4.74229D-06
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Table C-30
PIPING SEGMENT RC-16 LARGE LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

Output Print Pile S6PROFLL.P02 Opened at 12:49 on 01-16-1997

Type of Piping Steel Material
Pipe Weld Failure Mode
Years Between Inspections
Wall Fraction for 50% Detection
Degrees (F) at Pipe Weld
Nominal Pipe Size (NPS, inch)
Thickness / Outside Diameter
Operating Pressure (ksi)
Uniform Residual Stress (ksi)
Flaw Factor kO for I Flaw)
DW & Thermal Stress / Flow Stress
SCC Rate / Rate for BWR Sens. SS
Factor on Wastage of 0.095 in/yr
P-P Vib. Stress (ksi for NPS of 1)
Cyclic Stress Range / Flow Stress
Fatigue Cycles per Year
Design-Limit Stress / Flow Stress
System Disabling Leak Rate (GPM)
Minimim Detectable Leak Rate (GPM)
Value of Weld Metal Flow Stress in Ksi

316 St
Large Leak

10.0
0.240
606.0

6.0
0.0850

2.52
10.0

-10.80
0.19
0.00
0.00

0.0
0.600

10.0
0.132

5001.0
0.0

51.08

STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)
WESTINGHOUSE PROBABILITY OF FAILURE PROGRAM LEAXPROF ESBU-SMP
.. a . ._. ..... a _,_ ........... -S---." ... W. __,"_____ ........ mm -........... =- _S ..... -_

INPUT VARIABLES FOR CASE

NCYCLE -
NOVARS -
NUMSSC -

40
28
6

2: 316 St Steel Pipe Segment RC016017

NFAILS - 400 NTRIAL - 50000
NUMSET - 6 NUMISI - 5
NUMTRC - 6 NUMM - 5

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PIPE-ODIA
WALL/ODIA
SRESIDUAL
INT%DEPTH
L/D-RATIO
FLAWS/IN
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU- PND
HOURS/YR
PRESSURE
SIG-DW&TH
SCC-COEFF
SCC-EXPNT
WASTAGE
DSIG-VIBR
CYCLES/YR
DSIG-FATG
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LDEPTH-SL
SIG-FLOW

NORMAL NO
NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL NO

6.6250D+00
8.5000D-02
1.OOO0D+00
1.7036D+01
6.OOOD+00
-3.4370D-02
5.OOOOD+00
1.0000D+01
1.0000D-03
-2.4000D-01
1.6000D+00
7.4473D+03
2.5200D+00
9.5018D+00
3.231OD-12
2.1610D+00
1.2740D-12
3.6957D-04
1.OOOOD+01
3.0651D+01
9.1401D-12
4.000OD+00
1.5000D+00
0.0000D+00
5.1085D+01

2.4000D-02
2.6350D-03
1.4600D+01
1.3000D+00
1.7126D+00

l.OSOOD+00
1.0323D+00
1.2599D+00
2.3714D+00

2.3714D+00
1.3465D+00

1.4142D+00
2.8508D+00

3.2000D+00

.00 1

.00 2

.00 3
2.00 4
2.00 5

6
1
2
3
4

.5
.00 1
.00 2
.00 3
.00 4

5
.00 6
.00 1

2
.00 3

1.00 4
S
6
1

.00 2

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
FMD
IFMD
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Table C-30 (cont.)
PIPING SEGMENT RC-16 LARGE LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

26 STRESS-DL
27 B-SDLEAK
28 B-MDLEAK

NORMAL YES
- CONSTANT -
- CONSTANT -

6.7432D+00
1.1628D.01
2.0813D+01

1.4142D+00 .00 3 FMD.
4 FMD
5 FM

PROBABILITIES OF FAILURE MODE: EXCEED DISABLING LEAK RATE OR BREAK

NtOMBER FAILED - 400 NUMBER OF TRIALS - 9217

END OF
YEAR

FAILURE PROBABILITY WITHOUT
FOR PERIOD CUM. TOTAL

AND WITH IN-SERVICE
FOR PERIOD

INSPECTIONS
CUM. TOTAL

1.0
2.0
3.0
4.0
5.0
6.0
7.0
6.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0

9.44497D-10
3.48526D-11
1.18242D-08
1.00948D-06
2.44977D-07
1.58724D-07
3.85839D-06
8.89986D-07
4.62292D-08
6.94966D-07
8.95701D-08
3.097310D-06
1.17576D-06
2.21441D-07
5.23163D-08
6.29774D-06
2.06051D-06
3.60261D-07
2.01625D-06
5.54292D-06
5.73822D-06
1.08762D-06
2.11715D-06
6.39419D-06
2.98934D-05
4.35838D-06
1.70956D-04
2.65279D-06
2.83421D-06
8.09219D-07
8.87661D-06
4.65187D-06
4.20967D-06
2.11216D-06
3.21523D-06
7.99189D-06
1.84814D-06
9.93023D-06
1.34510D-06
1.00560D-05

9.44497D-10
9.7935OD-10
1.28035D-08
1.02229D-06
1.26727D-06
1.42599D-06
5.28438D-06
6.17437D-06
6.22060D-06
6.91557D-06
7.00514D-06
1.01024D-05
1.12782D-05
1.14996D-05
1.15520D-05
1.78497D-05
1.99102D-05
2.02705D-05
2.22867D-05
2.78296D-05
3.35679D-05
3.46555D-05
3.67726D-05
4.31668D-05
7.30602D-05
7.74186D-05
2.48375D-04
2.51028D-04
2.53862D-04
2.54671D-04
2.63548D-04
2.68200D-04
2.72409D-04
2.74522D-04
2.77737D-04
2.85729D-04
2.87577D-04
2.97507D-04
2.98852D-04
3.08908D-04

9.44497D-10
3.48526D-11
1.18242D-08
1.00948D-06
2.44977D-07
2.57772D-10
8.97329D-09
4.04945D-09
1.42977D-09
3.24458D-08
2.48158D-08
3.86141D-07
9.39159D-08
9.58465D-09
2.13572D-09
9.89622D-10
3.46617D-10
7.92292D-11
8.18443D-10
1.33679D-09
2.19211D-09
1.90695D-09
3.34736D-08
3.51954D-08
3.58711D-06
4.36037D-10
2.15406D-08
1.95007D-l1
1.35764D-10
4.14062D-11
5.05762D-10
8.63523D-10
8.49243D-10
1.23110D-09
4.23344D-10
8.18598D-12
2.68455D-12
2.02537D-10
2.53457D-11
5.34335D-11

9.44497D-10
9.7935OD-10
1.28035D-08
1.02229D-06
1.26727D-06
1.26752D-06
1.27650D-06
1.28055D-06
1.28198D-06
1.31442D-06
1.33924D-06
1.72538D-06
1.81929D-06
1.82888D-06
1.83101D-06
1.83200D-06
1.83235D-06
1.83243D-06
1.83325D-06
1.83458D-06
1.83678D-06
1.83868D-06
1.87216D-06
1.90735D-06
5.49446D-06
5.49490D-06
5.51644D-06
5.51646D-06
5.51660D-06
5.51664D-06
5.51714D-06
5.51801D-06
5.51886D-06
5.52009D-06
5.52051D-06
*5.52052D-06
5.52052D-06
5.52072D-06
5.52075D-06
5.52080D-06

DEVIATION ON CUMULATIVE TOTALS - 1.51074D-05 2.06415D-06
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'a

'0

C)

Surry Unit 1

System: RC Segment: RC-057,058.059 Failure Mode(s): Fatigue
Pipe to Valve; Pipe to Reducer

Location: Drawing 0124 A1-I

No. Input Parameter Description Circle Choice or Set Value Sat Value Basis

I Type of Piping Malamial 304SS Carbon Steel DrawIngSpec.

2 Crack Inspection Interval (optional) Lowi6) Md l High(141 Sectlon XI

3 Crack Inspectlon Accuracy (optional) HNih(t I .i0yuh4j°?. Lowl.32\ UT

4 Temperature al Pipe Weld LowIv150) Medium(350) High(550) 650 Line Ust

5 Nominal Pipe Size SmailI2) Mediuml5) Large(16) 3 Drawlnd

6 Thickness to O.D. Ratio Thinl.051 NormatlI.3) Thltci.211) .125 Calc.

7 Normal Operating Pressure Low(O.5) Medumil.3) Hight2.11 2.235 Line Lst

8 Residual Stress Level None(O.01 znsiU1 Maximum(20) Judgment
9 Initial Flaw Conditions One Flaw N. X-Rav 5pe.

10 DW & Thermal Stress Level Low(.05) Mediumrl. 11 Ii Hih(.17) .342 Calc.

II Stress Corrosion Potential 1 'iNoiQjj'i ModeratefO.5) Marixmum0(I0) Judgment

12 Material Wastage Potential Moderatefo.5) Maximumfl .0 1 JudgmentfMaterial

13 Vibratory Stress Range Nonefo.0) ` 1 Maximumli3.01 Transients Experienced

14 Fatigue Stress Range Low(.30) I.ighl.70) Judgment

15 Low Cycle Fatigue Freguency .j. Mediuml20) Hlah_30 _ Small Changes Annually

16 Design UmLing Stress (LL/Break Only) Lowf.10) Medium(.261 High(.42) .253 Calc.

I7 SVytem Disabling Leak (Large Leak Onty) None(01 Medium(300) Hbigh(600t .501 Medium LOCA

18 Ml. Detectable Laak (L/Break Only) NonaIg) Mediumr(51 High(tol I T.S. UmlIt

'.43751thlcksh 160

Small Leak Prob. No ISI: 4. t474E-5 Small Leak Prob.. With ISI: 3.202E.5
Large Leak Prob.. No ISI: 4.55691E-5 Large Leak Prob.. With ISI: 2.8049E-5 (NWA Il not applicable)
Break Prob.. No ISI: N/A Break Prob.. With ISI: N/A (N/A Itnot applicable)

glegakfataen (Snubbarlocking upunder Thermal Condlitons. Item 14 set aL.L .)(Snubber failwe probabilitysetaL20 .)(N/A If not applicable)
Small Leak Prob.. No ISI: t .7076E-5 Small Leak Prob.. With ISI: 5.78E-6 (N/A ll not applicable)
Large Leak Ptob., No ISI: t .3248E-5 Large Leak Prob.. With lSI: 5.94262E-6 (NWA ll not applicable)
Break Pfob., No ISI: N/A Break Prob.. With ISI: N/A (WA1i not applicable)

NoC[eakfalado (Snubber not Ioclklng up under SeIsmic Conditlons. lIen 1I sa aL, ..)(Snubbar fature probability set aL20. .)(N/A 11 not appicable)
Large Leak Prob.. No ISI: 3.2683E-5 Large Leak Prob.. With ISI: 3.16298E-5 (N/A ll not applicable)
Break Prob.. No [SI: N/A Break Prob., With IS: N/A (N/Ait not applicable)

'Leak Detacti on with Snubber failure It most lmitin )
Large Leak Prob., No ISI: 3.7727E-6 Large Leak Prob.. With ISI: 2.3223E-6 (NIA ll not applicable) (nonsnubber failure most limiting
Break Prob.. No 1I1: N/A Break Prob.. With ISI: N/A IN/A 1f not applicable)

Comments
Note: 20% snubber failure probability used due to large number ol snubbars.

use values/nola for no leak detection LL probablty should b used

TI
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00
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Table C-32
PIPING SEGMENT RC-58 SMALL LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

Output Print File S6PROFSL.P16 opened at 22:15 on 01-16-1997

Type of Piping Steel Material
Pipe Weld Failure Mode
Years Between Inspections
Wall Fraction for 50% Detection
Degrees (F) at Pipe Weld
Nominal Pipe Size (NPS, inch)
Thickness / Outside Diameter
Operating Pressure (ksi)
Uniform Residual Stress (ksi)
Flaw Factor (<O for 1 Flaw)
DW & Thermal Stress / Flow Stress
SCC Rate / Rate for BWR Sens. SS
Factor on Wastage of 0.095 in/yr
P-P Vib. Stress (kai for NPS of 1)
Cyclic Stress Range / Flow Stress
Fatigue Cycles per Year
Design-Limit Stress / Flow Stress
System Disabling Leak Rate (GPM)
Minimum Detectable Leak Rate (GPM)
Value of Weld Metal Flow Stress in Ksi

316 St
Small Leak

10.0
0.240
650.0

3.0
0.1250

2.24
10.0
1.00
0.34
0.00
0.00

1.5
0 .500

10.0
0.253

1501.0
0.0

49.25

WESTINGHOUSE
STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)

PROBABILITY OF FAILURE PROGRAM LEAXPROF ESBU-SMP

INPUT VARIABLES FOR CASE 16: 316 St Steel Pipe Segment RC057058059

NCYCLE =
NOVARS
NUMSSC

40
28

6

NFAILS
NUnMSET =
NUMTRC =

400
6
6

NTRIAL =
NUMISI =
NUMFIMD =

40000
5
5

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PIPE-ODIA
WALL/ODIA
SRESIDUAL
INT%DEPTH
L/D-RATIO
FLAWS/IN
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PHD
ANUU-PND
HOURS/YR
PRESSURE
SIG-DW&TH
SCC-COEFF
SCC-EXPNT
WASTAGE
DSIG-VIBR
CYCLES/YR
DSIG-FATG
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LDEPTH-SL
SIG-FLOW

NORMAL NO
NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL NO

3.5000D+00
1.2500D-01
1.0000D+00
2.2310D+01
6.0000D+00
3.7371D-03
5.0000D+00
1.0000D+01
1.0000D-03

-2.4000D-01
1.6000D+00
7.4473D+03
2.2350D+00
1.6842D+01
3.2310D-12
2.1610D+00
1.274OD-12
1.0073D+00
1.0000D+01
2.4623D+01
9.1401D-12
4.000OD+00
1.5000D+00

-9.9900D-01
4.9246D+01

1.6000D-02
3.8750D-03
1.4600D+01
1.2544D+00
1.7126D+00

1.0500D+00
1.0323D+00
1.2599D+00
2.3714D+00

2.3714D+00
1.3465D+00

1.4142D+00
2.8508D+00

3.2000D+00

.00 1

.00 2

.00 3
2.00 4
1.00 5

6
1
2
3
4
5

.00 1

.00 2

.00 3

.00 4
S

.00 6

.00 1
2

.00 3
1.00 4

5
6
1

.00 2

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
FMD
FMD
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Table C-32 (conQ)
PIPING SEGMENT RC-58 SMALL LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

26 STRESS-DL
27 B-SDLEAK
28 B-MDLEAK

- CONSTANT -
- CONSTANT -
- CONSTANT -

0.0000D+00
o.OOOOD+00
0.0000D+00

3 FMD
4 FMD
5 FMD

PROBABILITIES OF FAILURE MODE: THROUGH-WALL CRACK DEPTH FOR SMALL LEAK

NUMBER FAILED - 400

FAILURE PROBABILITY WITHOUT
FOR PERIOD CUM. TOTAL

NUMBER OF TRIALS = 5457

AND WITH IN-SERVICE INSPECTIONSEND OF
YEAR

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0

FOR PERIOD CUM. TOTAL

3.05735D-05
1.93275D-07
2.976490-08
2.64509D-07
6.27345D-08
6.64182D-08
9.62364D-09
2.18647D-07
1.53169D-07
2.23454D-07
1.62505D-08
6.76120D-07
8.02740D-07
9.43936D-08
1.81334D-06
4.43455D-08
2.22844D-08
3.06251D-09
2.76890D-08
5.10872D-08
4.08811D-07
1.8113OD-07
2.19679D-07
1.97957D-07
1.84426D-08
2.67152D-07
1.30366D-07
2.77886D-07
7.28714D-07
1.28955D-07
5.74814D-07
6.17462D-08
1.62001D-06
3.54851D-08
2.85635D-07
9.36552D-08
4.11905D-07
1.98323D-07
1.51868D-08
2.72315D-07

3.05735D-05
3.07667D-05
3.07965D-05
3.10610D-05
3.11237D-05
3.11902D-05
3.11998D-05
3.14184D-05
3.15716D-05
3.17950D-05
3.18113D-05
3.24874D-05
3.32902D-05
3.33846D-05
3.51979D-05
3.52422D-05
3.52645D-05
3.52676D-05
3.52953D-05
3.53464D-05
3.57552D-05
3.59363D-05
3.61560D-05
3.63539D-05
3.63724D-05
3.66395D-05
3.67699D-05
3.70478D-05
3.77765D-05
3.79055D-05
3.84803D-05
3.85420D-05
4.01620D-05
4.01975D-05
4.04831D-05
4.05768D-05
4.09887D-05
4.11870D-05
4.12022D-05
4.14745D-05

3.05735D-05
1.93275D-07
2.97649D-08
2.64509D-07
6.27345D-08
1.15932D-08
1.28965D-09
1.54370D-08
1.24834D-08
1.40678D-08
7.13916D-10
1.37749D-07
1.74791D-07
8.65672D-09
5.00325D-07
9.34692D-11-
8.36751D-12
2.53614D-12
1.78585D-1l
4.84685D-11
1.16623D-08
3.89584D-10
9.84884D-10
5.07247D-10
6.08195D-11
4.68987D-10
6.13693D-13
3.22988D-12
3.17546D-10
6.69171D-11
4.33284D-10
2.72044D-11
3.65206D-09
6.32502D-13
1.22371D-09
7.73760D-12
'5.75641D-12
7.31900D-12
5.49533D-13
1.99024D-12

3.05735D-05
3.07667D-05
3.07965D-05
3.10610D-05
3.11237D-05
3.11353D-05
3.11366D-05
3.11521D-05
3.11645D-05
3.11786D-05
3.11793D-05
3.13171D-05
3.14919D-OS
3.15005D-05
3.20008D-05
3.20009D-05
3.20009D-05
3.20009D-05
3.20010D-05
3.20010D-05
3.20127D-05
3.2013lD-05
3.20141D-05
3.20146D-05
3.20146D-05
3.20151D-05
3.20151D-05
3.20151D-05
3.20154D-05
3.20155D-05
3.20159D-05
3.20159D-05
3.20196D-05
3.20196D-05
3.20208D-05
3.20208D-05
3.20208D-05
3.20208D-05
3.20208D-05
3.20208D-05

DEVIATION ON CUMULATIVE TOTALS - 1.99646D-06 1.76997D-06
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Table C-33
PIPING SEGMENT RC-58 LARGE LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

Output Print File S6PROFLL.P17 Opened at 22:17 on

Type of Piping Steel Material
Pipe Weld Failure Mode
Years Between Inspections
Wall Fraction for 50% Detection
Degrees (F) at Pipe Weld
Nominal Pipe Size (NPS, inch)
Thickness / Outside Diameter
Operating Pressure (ksi)
Uniform Residual Stress (ksi)
Flaw Factor (cO for 1 Flaw)
DW & Thermal Stress / Flow Stress
SCC Rate / Rate for BWR Sens. SS
Factor on Wastage of 0.095 in/yr
P-P Vib. Stress (ksi for NPS of 1)
Cyclic Stress Range / Flow Stress
Fatigue Cycles per Year
Design-Limit Stress / Flow Stress
System Disabling Leak Rate (GPM)
Minimum Detectable Leak Rate (GPM)
Value of Weld Metal Flow Stress in Ksi

01-16-1997

316 St
Large Leak

10.0
0.240
650.0

3.0
0.1250

2.24
10.0
1.00
0.34
0.00
0.00

1.5
0.500
10.0
0.253

1501.0
0.0

49.25

WESTINGHOUSE
STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)

PROBABILITY OF FAILURE PROGRAM LEAXPROF ESBU-SMS

INPUT VARIABLES FOR CASE 17: 316 St Steel Pipe Segment RC057058059

NCYCLE =
NOVARS =
NUMSSC =

40
28

6

NFAILS =
NUMSET =
NUMTRC =

400
6
6

NTRIAL =
NUMISI =
NUMFMD =

50000
5
5

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
MV/SD NO. SUB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
i8
19
20
21
22
23
24
25

PIPE-ODIA
WALL/ODIA
SRESIDUAL
INT%DEPTH
L/D-RATIO
FLAWS/IN
FIRST-ISI.
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/YR
PRESSURE
SIG-DW&TH
SCC-COEFF
SCC-EXPNT
WASTAGE
DSIG-VIBR
CYCLES/YR
DSIG-FATG
FCG-COEFF
FCG-EXPNT
FCG-THOLD
LDEPTH-SL
SIG-FLOW

NORMAL NO
NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL NO

3.5000D+00
1.2500D-01
1.0000D+00
2.23100+01
6.0000D+00
3.7371D-03
5.0000D+00
1.OOOOD+01
1.0000D-03

-2.4000D-01
1.6000D+00
7.4473D+03
2.2350D+00
1.6842D+01
3.2310D-12
-2.1610D+00
1.274OD-12
1.0073D+00
1.0000D+01
2.4623D+01
9.1401D-12
4.0000D+00
1.5000D+00
0.0000D+00
4.9246D+01

1.6000D-02
3.8750D-03
1.4600D+01
1.2544D+00
1.7126D+00

1.0500D+00
1.0323D+00
1.2599D+00
2.3714D+00

2.3714D+00
1.3465D+00

1.4142D+00
2.8508D+00

3.2000D+00

.00 1

.00 2

.00 3
2.00 *4
2.00 5

6
1
2
3
4
5

.00 1

.00 2

.00 3

.00 4
5

.00 6
.00 1

2
.00 3

1.00 4
S
6
1

. 0C 2

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
FMD
FMD
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Table C-33 (cont.)
PIPING SEGMENT RC-58 LARGE LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

26 STRESS-DL
27 B-SDLEAK
28 B-MDLEAK

NORMAL YES
- CONSTANT -
- CONSTANT -

1.2459D+01
4.4079D+00
1.0996D+O1

1.4142D+00 .00 3
4
S

FMD.
FMD
FND

PROBABILITIES OF FAILURE MODE: EXCEED DISABLING LEAK RATE OR BREAK

NUMBER FAILED - 400

FAILURE PROBABILITY WITHOUTEND OF
YEAR

NUMBER OF TRIALS - 3687

AND WITH IN-SERVICE INSPECTIONS
FOR PERIOD CUM. TOTALFOR PERIOD CUM. TOTAL

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0

3.33516D-06
2.44084D-05
4.92446D-08
1.34994D-09
7.59701D-08
1.47989D0-07
1.20917D-07
5.97074D-09
6.43262D-08
4.57226D-09
3.02325D-09
4.67067D-08
1.22481D-09
2.77235D-08
1.27653D-07
2.11578D-08
8.57868D-08
1.64121D-07
4.39086D-07
4.62152D-08
2.42487D-09
1.79865D-07
5.85201D-08
7.95809D-08
1.94796D-07
S.21654D-08
4.07707D-07
1.03591D-07
4.99632D-09
8.21625D-08
4.46089D-08
1.09754D-07
5.70996D-07
1.31202D-05
5.46170D-07
6.52487D-08
8.26857D-08
4.18999D-07
2.05933D-07
6.26695D-08

3.33516D-06
2.77435D-05
2.77928D-05
2.77941D-05
2.78701D-05
2.80181D-OS
2.81390D-05
2-.814500D-05
2.82093D -05
2.82139D-05
2.82169D-05
2.82636D-05
2.82648D-05
2.82925D-05
2.84202D-05
2.84413D-05
2.85271D-05
2.86912D-05
2.91303D-05
2.91765D-05
2.91790D-05
2.93588D-05
2.94174D-05
2.94969D-05
2.96917D-OS
2.97439D-05
3.01516D-05
3.02552D-05
3.02602D-05
3.03424D-05
3.03870D-05
3.04967D-05
3.10677D-05
4.41879D-05
4.4734lD-05
4.47993D-05
4.488200-05
4.53010D-05
4.55069D-05
4.55696D-05

3.33516D-06
2.44084D-05
4.92446D-08
1.34994D-09
7.59701D-08
5.48406D-210
5.06341D-09
5.85096D-10
2.80123D-09
4.28518D-10
1.22178D-10
4.96029D-09
6.33701D0-121
9.21454D-10
1.30684D-08
4.45061D-12
1.52941D-10
1.25991D-09
2.72077D-10
2.92562D-10
9.98393D-12
7.35547D-10
2.49486D-10
5.56451D-10
5.68400D-09
5.10303D-13
1.40309D-09
7.86864D-12
4.62066D-13
1.96166D-10
1.30322D-11
1.23450D-10
1.38261D-08
1.22141D-07
2.52405D-09
4.531010-12
1.39712D-1l
1.05253D-09
1.53907D-11
8.70250D-11

3.33516D-06
2.77435D-05
2.77928D-05
2.77941D-05
2.78701D-05
2.78706D-05
2.78757D-05
2.78763D-05
2.78791D-05
2.78795D-05
2.78796D-05
2.78846D-05
2.78846D-05
2.78856D-05
2.78986D-05
2.78986D-05
2.78988D-05
2.79001D-05
2.79003D-05
2.79006D-05
2.79006D-05
2.79014D-05
2.79016D-OS
2.79022D-05
2.79079D-05
2.79079D-05
2.79093D-05
2.79093D-05
2.79093D-05
2.79095D-05
2.79095D-05
2.790960-05
2.79234D-05
2.80456D-05
2.80481D-05
2.80481D-05
2.80481D-05
2.80492D-05
2.80492D-05
2.80493D-05

DEVIATION ON CUMULATIVE TOTALS - 2.15163D-06 1.72711D-06

o:\4393\VersionA\4393-�2.doc1b-021999 
C-49

o-\4393\VersionA\4393-C2.doc:lb-021999 C-49



'0

0

I.r
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Surry UnR 1
System: SW Segment: SW-004. 005, 006 Failure Mode(s): Wastage/Pihling Location: 163L Class Pipa Weld at Reducer on 2" side

No. Input Paramoler Description Circle Choice or Set Value Sel Value Basis

I TOpe of Piping Material 304SS $tii<A v Carbon Stool 163L -Drawing/Spec
2 Crack Inspection Interval (optionall LowG) H dlahf 14) Section XI

3 Crack Inspection Accuracy foplional) i3 ) 4t.ilik4 Mediumf.24) Low..32) RT

4 Temperature at Pipe Weld Low1I681 Medium(350) . llahS550) 95 Line Uslt
5 Nominal Pipe Sire Sma"(2) Medium(s) Lariells) 2 Drawing
6 Thickness to O.O. RstIo ThinI.05) Nolmal.191 Thlekt.21f .06 Catc.
7 Normal Operating Pressure LowlO.5) M5d1ml.31 i Hkhr2 1) .025 Line Lst
8 Residual Stress Level Nonet0.0) Mij j Msxim r 5 Judament - fifll
9 tnitian Fliw Conditions One Flaw X-Rav NDE :f ____R_ S00.

1o ow & Thermal Stress Level Lowt.051 Medlumt.1l) Night.171 .038 Calo.
I1 Stress Corrosion Potential Moderet i0.5) Ma.imumrf.01 Judament
12 Material Wastage Poitnilal Nonaf( .) Modarate(0.5) Masimuril.01 1.0 Judament
13* Vibralory Stress Rfange i Modarstsl(1.5) Mexlrum(3.01 Judgmsnt
14 Fatigue Stress Ranas . i 'A Madiuml.50) Hlahl.70) Judgment
15I Low Cycle Fatique Frequency Lowv101 .&i2 O Hlqh(30) Judgment
16 esign Umiging Stress (11flreak Only) LowlAt) Madfum(.26) flthf.42) .017 Cno.
17 Sysm Disabling Lsak (iarq Leak Only) Nonel0) Madium(300) Hlahf600) 10 10%. of 2- pipe How
II Min. Detectable Leak (LiBreak Only) NonetO I MedsumlS) .I-flhlo) I I nPm - Pump PT accessible

U'0

It
z
0
U1i
MS

Hn.
0
t
MO

P- tt

8
CW
;WI
1-r' Bi

Small Leak Prob.. No ISI: 34793E-4 Small Leak Prob.. With ISI: 9.7512E-8
Large Leek Prob., No ISI: 9.332oE-5 Large Leok Prob.. With ISI: 7.0519E-7 (NrAl Unot applicable)
Break Prob.. No lSI: N/A Break Prob.. With lSI: NrA (N/A If not applicable)

No Lsak09ateclion(Snubbertacking up inder Thermal Conditions, Item 14 set aINtA .)(Snubber failure probabilty sel at NIA .)(N/A il not applicable)
Small Leak Prob., No I1SI: . Small Leak Prob.. With ISI: (N/A ll not applicable)
Large Leak Prob.. No 13S: Large Leok Prob., WithSI: (N/A If not applIcable)
Break Prob.. No ISI: Break Prob.. With 151: , (N/A If not applicable)

NoLeatecGeOn(Snubber not locking up under Seismic Conditions. Item 16 set at NIA .)(Snubbsr faIlure probability set at N1A .)(N/A 11 not applicable)
Large Loak Prob.. No ISI: . Large Leak Prob.. With ISI: (N/A If not applicable)
Break Prob.. No ISI: Break Prob.. With ISI: / (N/A If not applicable)

Le ak ecjlototfh Snubber failure 11 most limiting)
Large Leak Prob.. No ISI: 1.0665E-5 Large Leak Prob.. With 1SI: 2.9987E.7 (N/A If not applicable)
Break Prob.. No ISI: NtA Break Prob., With ISI: N/A (N/A l not applicable)

Qommonh.
No Snubbers.
Fiberglass piping failure probablilty set tI6E-2 for small leak and large teik (based upon fatigue).



Table C-35
PIPING SEGMENT SW-04 SMALL LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

Output Print File S6PROFSL.P03 Opened at 14:18 on 04-02-1997

Type of Piping Steel Material
Pipe Weld Failure Mode
Years Between Inspections
Wall Fraction for 50% Detection
Degrees (F) at Pipe Weld
Nominal Pipe Size (NPS, inch)
Thickness / outside Diameter
operating Pressure (ksi)
Uniform Residual Stress (ksi)
Flav Factor (<O for 1 Flav)
DW & Thermal Stress / Flov Stress
SCC Rate / Rate for BWR Sens. SS
Factor on Wastage of .0095 in/yr
P-P Vib. Stress (ksi for NPS of 1)
Cyclic Stress Range I Flow Stress
Fatigue Cycles per Year
Design-Limit Stress / Flow Stress
System Disabling Leak Rate (GM)
Minimum Detectable Leak Rate (GPM)
Value of Weld Metal Flov Stress in Ksi

316 St
Small Leak

10.0
0.160
95.0

2.0
0.0600

0.25
5.0

12.80
0.04
0.00
1.00

0.0
0.300

20.0
0.017
10.0

0.0
72.44

WESTINGHOUSE
STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)

PROBABILITY OF FAILURE PROGRAM LEARPROF ZSBU-NSD

INPUT VARIABLES FOR CASE 3: 316 St Steel Pipe Segment SW-4;5;6

NCYCLE
NOVARS -
NUMSSC -

40
28
6

NFAILS -
NUNSET -
NUMTRC -

400
6
6

NT-RAJIL =
NUMISI -
NUMFMD -

40000
5
5

VARIABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
XV/SD NO. SUB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
1S
16
17
18
19
20
21
22
23
24
25

PIPE-ODIA
WALL/ODIA
SRESIDUAL
INTIDEPTH
L/D-RATIO
FLAWS/IN
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/YR
PRESSURE
SIG-DW&TH
SCC-COEFF
SCC-EXPNT
WASTAGE
DSIG-ViBR
CYCLES/YR
DSIG-FATG
FCG-COEFF
FCG-EXPNT
FCG-TEOLD
LDEPTH-SL
SIG-FLOW

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL NO

2.3750D+00
6.0000D-02
5.0000D+00
3.9953D+01
6.0000D+00
6.9762D-02
5.0000D+OO
1. 0000D+01
1.0000D-03

-1.6000D-01
1.6000D+00
7.4473D+03
2.5000D-Ol
2.7527D+00
3.2310D-12
2.1610D+00
1.2740D-09
8.1948D-04
2.0000D+01
2.1732D+01
9.1401D-12
4.0000D+00
1.5000D+00

-9.9900D-01
7.24390+01

1.6000D-02
1.8600D-03
1.4142D+00
1.1840D+00
1.7126D+00

1.0500D+00
1.0323D+00
1.2599D+00
2.3714D+00

2.3714D+00
1.34651+00

1.4142D+00
2.8508D+00

3.2000D+00

.00 1

.00 2

.00 3
2.00 4
1.00 5

6
1
2
3
4
5

.00 1

.00 2

.00 3

.00 4
5

.00 6

.00 2
2

.00 3
1.00 4

5
6
2

.00 2

SET
SET
SET
SET
SET
SET
ISI
ISI
ISI
ISI
ISI
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
FMD
FMD
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Table C-35 (cont.) '
PIPING SEGMENT SW-04 SMALL LEAK FAILURE PROBABILITY

SRRA MODEL OUITPUT

26 STRESS-DL
27 B-SDLEAK
28 B-MDLEAK

- CONSTANT -
- CONSTANT -
- CONSTANT -

0.0000D+00
0.0000D+00
O.0000D+00

3 FMD
4 FMD
5 FMD

PROBABILITIES OF FAILURE MODE: THROUGH-WALL CRACK DEPTH FOR SMALL LEAK

NUMBER FATILED - 400 NUMBER OF TRIALS - 6231

END OF
YEAR

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15. 0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0

FAILURE PROBABILITY WITHOUT AND WITH IN-SERVICE
FOR PERIOD CUM. TOTAL FOR PERIOD

1.68675D-07
8.09942D-08
4.36649D-06
1.68354D-06
5.99626D-07
3.22421D-06
1.1108D-06
1.90092D-06
1.61321D-05
1.51785D-05
6.14651D-07
3.94516D-06
2.12864D-05
2.12798D-06
3.12126D-07
2.23936D-05
5.83434D-06
1.21247D-05
3.7969ID-06
5.06567D-06
2.63866D-06
2.88784D-06
6.72631D-06
3.00307D-06
8.99674D-06
9.46188D-06
6.91703D-06
4.62285D-06
8.75900D-05
2.80004D-06
3.02396D-06
1.15533D-05
2.56739D-06
1.54113D-06
3.71838D-07
1.09185D-05
1.08667D-05
2.36529D-05
1.41398D-05
1.17076D-05

1.68675D-07
2.49670D-07
4.61616D-06
6.29970D-06
6.89932D-06
1.01235D-05
1.12346D-05
1.31355D-05
2.92677D-05
4.44462D-05
4.50608D-05
4.90060D-05
7.02924D-05
7.24204D-05
7.27325D-05
9.51261D-05
1.00960D-04
1.13085D-04
1.16882D-04
1.21948D-04
1.24586D-04
1.27474D-04
1.34201D-04
1.37204D-04
1.46200D-04
1.55662D-04
1.62579D-04
1.67202D-04
2.54792D-04
2.57592D-04
2.60616D-04
2.72169D-04
2.74737D-04
2.76278D-04
2.76650D-04
2.87568D-04
2.98435D-04
3.22088D-04
3.36228D-04
3.47935D-04

1.68675D-07
8.09942D-08
4.36649D-06
1.68354D-06
5.99626D-07
8.01170D-09
1.95106D-09
2.64217D-09
8.44600D-07
1.77084D-06
8.68505D-10
7.54126D-08
1.30008D-07
4.30191D-09
3.88657D-09
1.08247D-09
1.42498D-10
2.97019D-09
2.48304D-11
3.24158D-11
3.59468D-11
1.47138D-11
6.16649D-11
1.11170D-10
7.43563D-10
1.84386D-12
8.25949D-12
9.75302D-13
4.16906D-09
4.11208D-12
2.67371D-14
1.51220D-11
3.38600D-14
2.55637D-13
5.85880D-16
1.07253D-15
1.02031D-15
2.61787D-12
3.77205D-14
4.95532D-14

INSPECTIONS
CUX. TOTAL

1.68675D-07
2.49670D-07
4.61616D-06
6.29970D-06
6.89932D-06
6.90733D-06
6.90928D-06
6.91193D-06
7.75653D-06
9.52737D-06
9.52824D-06
9.60365D-06
9.73366D-06
9.73796D-06
9.74185D-06
9r.74293D-06
9.74307D-06
9.74604D-06
9.74607D-06
9.74610D-06
9.74613D-06
9.74615D-06
9.74621D-06
9.74632D-06
9.74707D-06
9.74707D-06
9.74708D-06
9.74708D-06
9.75125D-06
9.75125D-06
9.75125D-06
9.75126D-06
9.75126D-06
9.75126D-06
9.75126D-06
9.75126D-06
9.75126D-06
9.75127D-06
9.75127D-06
9.75127D-06

DEVIATION ON CUMULATIVE TOTALS - 1.68305D-05 2.91000D-06
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Table C-36
PIPING SEGMENT SW-04 LARGE LEAK FAILURE PROBABILITY

SRRA MODEL OUTPUT

Output Print File S6PROFLL.P04 Opened at 14:21 on 04-02-1997

Type of Piping Steel Material
Pipe Weld Failure Mode
Years Between Inspections
Wall Fraction for 50% Detection
Degrees (F) at Pipe Weld
Nominal Pipe Size (NPS, inch)
Thickness / Outside Diameter
Operating Pressure (k$i)
Uniform Residual Stress (ksi)
Flaw Factor (<O for 1 Flaw)
DW & Thermal Stress / Flow Stress
SCC Rate / Rate f or BWR Sens. SS
Factor on Wastage of .0095 in/yr
P-P Vib. Stress (ksi for NPS of 1)
Cyclic Stress Range / Flow Stress
Fatigue Cycles per Year
Design-L4iit Stress / Flow Stress
System Disabling Leak Rate (GPM)
Minimmu Detectable Leak Rate (GPM)
Value of Weld Metal Flow Stress in Xsi

316 St
Large Leak

10.0
0.160

95.0
2.0

0.0600
0.25
5.0

12.80
0.04
0.00
1.00

0.0
0.300
20.0

0.017
10.0

0.0
72.44

WESTINGHOUSE
STRUCTURAL RELIABILITY AND RISK ASSESSMENT (SRRA)

PROBABILITY OF FAILURE PROGRAM LEAXPROF ESBU-NSD

INPUT VARIABLES FOR CASE 4: 316 St Steel Pipe Segment SW-4;5;6

NCYCLE -
NOVARS -
NUMSSC -

40
28

6

NFAILS - 400
NUMSET - 6
NUMTRC - 6

NTRIjAL =
NUMISI -
NUMFN -

50000
5
5

VARITABLE
NO. NAME

DISTRIBUTION
TYPE LOG

MEDIAN
VALUE

DEVIATION
OR FACTOR

SHIFT USAGE
NV/SD NO. SUB

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

PIPE-ODIA
WALL/ODIA
S.ESIDUAL
INT%DEPTH
L/D-RATIO
FLAWS/IN
FIRST-ISI
FREQ-ISI
EPST-PND
ASTAR-PND
ANUU-PND
HOURS/YR
PRESSURE
SIG-DWLTH
SCC-COEFF
SCC-EXPNT
WASTAGE
DSIG-VIBR
CYCLES/YR
DSIG-FATG
FCG-COEFF
FCC-EXPNT
FCG-TROLD
LDEPTH-SL
SIG-FLOW

NORMAL NO
NORMAL NO
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -

- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL YES
NORMAL YES
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
NORMAL YES
NORMAL YES
- CONSTANT -
- CONSTANT -
- CONSTANT -
NORMAL NO

2.3750D+00
6.0000D-02
5.0000D+00
3.9953D+01
6.0000D+00
6.9762D-02
5.0000D+00
1.0000D+01
1.0000D-03

-1.6000D-01
1.6000D+00
7.4473D+03
2.5000D-01
2.7527D+00
3.2310D-12
2.1610D+00
1.274OD-09
8.1948D-04
2. 0000D+01
2.1732D+01
9.1401D-12
4.0000D+00
1.5000D+00
0.0000D+00
7.2439D+01

1.6000D-02
1.8600D-03
1.4142D+00
1.1840D+00
1.7126D+00

1.0500D+00
1.0323D+00
1.2599D+00
2.3714D+00

2.3714D+00
1.3465D+00

1.4142D+00
2.8508D+00

3.2000D+00

.00 1
.00 2
.00 3

2.00 4
2.00 5

6
1
2
3
4
5

.00 1
.00 2
.00 3
.00 4

5
.00 6
.00 1

2
.00 3

1.00 4
5
6
1

.o0 2

SET
SET
SET
SET
SET
SET
ISI
IS
ISt
IS1
ISI
SSC
SSC
SSC
SSC
SSC
SSC
TRC
TRC
TRC
TRC
TRC
TRC
FMD
FMD
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Table C-36 (cont.)
PIPING SEGMENT SW-04 LARGE LEAK FAILURE PROBABILITY

SRRA MODEL OUITPUT

26 STRESS-DL
27 B-SDLEAK
28 B-MDLEAK

NORMAL YES
- CONSTANT -
- CONSTANT -

1.2315D+00
7.4613D+00
7.4613D+00

1.4142D+00 .00 3 PM
4 FMD1
5 PHD

PROBABILITIES OF FAILURE MODE: EXCeED DISABLING LEAR RATE OR BREAX

NUMBER FAILED - 400

FAILURE PROBABILITY WITHOUT
FOR PERIOD CUM. TOTAL

NUMBER OF TRIALS - 14500

AND WITH IN-SERVICE INSPECTIONS
FOR PERIOD CUM. TOTAL

END OF
YEAR

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15. 0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0

4.47159D-12
4.53694D-11
3.58988D-07
1.02973D-09
3.39609D-07
1.20387D-06
7.71967D-07
1.43489D-07
5.83709D-07
5.42957D-07
9.71261D-07
2.05344D-07
8.96293D-09
5.59281D-07
1.16427D-07
1.01018D-08
1.38847D-07
2.49703D-07
S.91051D-06
2.98392D-07
6.20886D-08
1.55247D-07
9.35290D-08
5.27082D-07
1.57152D-06
6.23501D-06
1.17898D-06
2.21778D-06
6.47595D-07
3.23230D-06
1.35282D-06
2.72396D-06
2.03292D-07
3.14936D-07
4.92516D-07
4.62389D-07
3.04058D-07
5.20779D-05
5.46281D-06
1.59019D-06

4.47159D-12
4.98410D-11
3.59038D-07
3.60068D-07
6.99677D-07
1.90354D-06
2.67551D-06
2.81900D-06
3.40271D-06
3.94567D-06
4.91693D-06
5.12227D-06
5.13123D-06
5.69052D-06
5.80694D-06
5.81704D-06
5.95589D-06
6.20559D-06
1.21161D-05
1.24145D-05
1.24766D-05
1.26318D-05
1.27254D-05
1.32524D-05
1.48240D-05
2.1059OD-05
2.22380D-05
2.44557D-05
2.51033D-05
2.83356D-05
2.96884D-05
3.24124D-05
3.26157D-05
3.29306D-05
3.34232D-05
3.388S5D-05
3.41896D-05
8.62675D-05
9.17303D-05
9.33205D-05

4.47159D-12
4.53694D-11
3.58988D-07
1.02973D-09
3.39609D-07
1.22417D-09
8.03318D-10
1.46276D-10
5.94038D-10
5.70273D-10
9.87671D-10
2.09279D-10
1.06631D-11
8.01195D-10
1.32938D-10
1.47107D-14
2.59078D-13
2.82860D-13
2.45604D-11
7.78344D-13
8.56556D-14
2.09962D-13
1.34603D-13
1.45966D-12
6.62705D-12
1.26675D-13
5.37125D-15
4.44289D-15
1.38936D-15
5.91452D-13
6.84518D-15
4.66115D-14
4.56785D-16
8.71897D-16
2.70981D-15
1.71744D-18
5.80665D-19
7.85445D-14
2.42959D-16
2.25975D-17

4.47159D-12
4.98410D-11
3.59038D-07
3.60068D-07
6.99677D-07
7.00901D-07
7.01704D-07
7.01850D-07
7.02445D-07
7.03015D-07
7.04002D-07
7.04212D-07
7.04222D-07
7.05024D-07
7.05157D-07
7.05157D-07
7.05157D-07
7.05157D-07
7.05182D-07
7.05182D-07
7.05183D-07
7.05183D-07
7.05183D-07
7.05184D-07
7.05191D-07
7.05191D-07
7.05191D-07
7.05191D-07
7.05191D-07
7.05192D-07
7.05192D-07
7.05192D-07
7.05192D-07
7.05192D-07
7.05192D-07
7.05192D-07
7.05192D-07
7.05192D-07
7.05192D-07
7.05192D-07

DEVIATION ON CUMULATIVE TOTALS - 4.60138D-06 4.05585D-07

o:\4393\VersionA\4393-C2.doc~lb-021999 C5C-54



APPENDIX D
SRRA CODE DESCRIPTION

Information now contained in WCAP-14572, Revision 1-NP-A, Supplement 1.
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APPENDIX E
BENCHMARKING OF SRRA CODE

Information now contained in WCAP-14572, Revision I-NP-A, Supplement 1.
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APPENDIX F
RELATED WOG AND ACRS CORRESPONDENCE

Note: The WOG letters provided in this appendix contain the changes suggested to be made to
the WCAP based on NRC staff review of the submitted WOG Topical Report. These
recommended changes have been incorporated into the accepted version of the report.
One WOG letter is referenced in the NRC's SER, while the other letter is referenced in an
NRC Advisory Conunittee on Reactor Safeguards (ACRS) letter also included in this
appendix. The ACRS letter contains the review and recommendations of the ACRS
based on their review of the submitted WOG Topical Report.
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Westinghouse Enery Systenm 355
Electnc Corporation Prmbg Pe a 15230 0355

OG-98-103

September 30. 1998

Mr. Peter C. Wen
Project Manager,
Generic Issues and Environmental Projects Branch
Nuclear Regulatory Commission
Washington, DC 20555-0001

Subject: Westinghouse Owners Group
Transmittal ofResponses to NRC Open Items on WOG RI-SI Program and
Reports: WCAP-14572. Revision I fNon-Proprietaryl "WOG Application
of Risk-Informed Methods to Piping Inservice Inspection Topical Report
and WCAP-14572, Revision 1. Supplement 1 lNon-Proprietaryl
"Westinghouse Structural Reliability and Risk Assessment (SRRA) Model
for Piping Risk-Informed Inservice Inspection" (MUHP.5091)

Reference: I) NEI Letter from Mr. Anthony R. Pietrangelo Nuclear Energy Institute, to Dr.
Brian Sheron of NRC Subject: Transmittal of Reports WCAP-14572, Rey. I NP
& WCAP-14572, Rev. I Supplement I NP, dated October 10,1997

2) NRC Letter from Peter C. Wen, NRC to Andrew Drake. Westinghouse
Owners Group, "Open Items Related to Westinghouse Owners Group
Application of Risk-Informed Methods to Piping Inservice Inspection (WCAP-
145 Revision I)," dated September 2, 1998

Dear Mr. Wen:

Enclosed are the Westinghouse Owners Group (WOG) responses to Nuclear Regulatory
Commission (NRC) Open Items transmitted per Reference 2. These Open Items were reviewed
in a meeting between the NRC and WOG on September 22, 1998. The enclosure shows the
revisions made to the responses to the open items as agreed to by the NRC and WOG during the
September 22, 1998 meeting. It should be noted that the response to open item 8 e), regarding
the documentation to be submitted to NRC and that which remains on site, may be changed based
on the results of and consensus from the NEI/NRC meeting on this subject currently scheduled
forOctober8, 1998.

98o 103 .doc
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It is our understanding that these responses will complete the NRC review of the WOO Topical
reports identified in Reference I and we look forward to receiving the NRC safety evaluation
report (SER) by December 1998.

This letter and enclosed responses should be considered as a commitment by the WOG to include
the information cited in the responses into the WOG Topical Reports. In addition, the NRC's
Safety Evaluation Report (SER) when received will be included into an NRC-approved (A
version) of the Topical Reports verbatim inside the front cover.

Please direct any questions or comments to Mr. Ken Balkey, Westinghouse, at (412)-374-4633 or
Ms. Nancy Closky, Westinghouse, at (412)-374-5916.

Very truly yours.

Louis F. Liberatori Jr, Chairman
Westinghouse Owners Group

Enclosure

cc: (all I L)
Dr. Brian Sheron, NRC
Mr. Gary Holahan, NRC
Dr. Goutam Bagchi, NRC
Dr. Syed Ali, NRC
Mr. Ashok Thadani NRC
Mr. Gus Lainas, NRC
Mr. Ralph Beedle, NEI
Mr. Anthony Pietrangelo, NEI
Mr. Biff Bradley, NEI
Mr. Alex Marion, NEI
Mr. Ernie Throckmorton, VP
WOG Steering Committee
WOG Materials Subcommittee
WOG Risk-Based Technology Working Group
M. M. DeWitt - ECE 5-36
N. I. Liparulo-ECE 4-15
A. P. Drake - ECE 5-16
S. D. Rupprecht - ECE 4-15
H. A. Sepp - ECE 4-07A

9SogIO3.doc
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Response to Open Items Related to WOG Application of Risk-Informed Methods to
Piping Inservice Inspection (WCAP-14572, Revision 1)

1. The WCAP topical report states that the number of welds, fittings, or lengths of
pipe is not incorporated into the estimated failure probabilities for a pipe segment.
Most welds, or fittings, in a pipe segment, though, would have some finite
probability of a failure. Therefore, the probability of a failure in a pipe segment
should increase with the number of welds in the segment Justification other than
assuming common mode failure is required for ignoring the number of welds (or
fittings) in a segment (INEEL Open Item 2).

Response:

The intent of the failure probability estimation is to postulate the potentialfailure
mechanism (s) for a given piping segment and then, based on the specific
conditionsfor the given piping segment (not an individual weld in the piping
segment) to provide an estimate ofthe failure probabilityfor the piping segment,
in order to differentiate the piping segments based on potentialfailure mechanism
andpostulated consequences. he objective of RP-IS! is to perform an inspection
for cause (failure mechanism) and the intent is to show that the quantity of
random inspections is less beneficial than fewer quality inspections focused on
piping locations that have the highest likelihood offailure.

The failure probability of a segment is characterized by the failure potential
(probability orfrequency as appropriate) of the worst case situation in each
segment (not a single selected weld in each segment). This is calculated by the
SRRA code by inputting the conditions (typically, the most limiting or bounding)
for the entire piping segment. Essentially, the pipingfailure probability is a
representation or characterization of the piping segment.

Failures in a piping segment due to the dominating mechanisms are correlated,
not independent, and the dependencies can not be specifically identified
quantitatively Piping welds in a segment are typicallyfabricated with the same
materials and processes and subjected to the same types of operating conditions,
such asflow medium, pressure, temperature, seismic loading. Since the types of
potential degradation mechanisms would therefore be similarfor the limiting
welds in a segment, the weldfailures would more correctly be characterized as
correlated Correlated means they would all have comparable trends, such as all
being relatively high or low, but not both The combining of all significant
degradation mechanisms for the segment probability would be even more
correlated than the individual locations with those mechanisms. As an example,
for degradation due to stress corrosion cracking potentialfabricationflaws due
to welding high residual stresses due to welding restraint, and sensitized material

09I299ss 1
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due to lack ofproper heat treating and a corrosive environment would all be
required to produce afailure. such as a through wall leak The chance of all
welds being equally susceptible to failure is in reality very smalL Physically, the
weld with the highest failure probability at a given time would be the one
expected to failfirst (either on demand or in response to a loading) and thus
result in apipingfailure in the segment. Since its probability is typically several
orders ofmagnitude higher than those without the dominating mechanisms, which
are more independent probabilities that are primarily controlled by the random
combination of uncertainties, adding all of the lower valued but more independent
probabilities would not significantly change the numerical value for the segment.
Although there may be several candidate locations, the failure experience to date
indicates that only one structural weldfails at a time and it is generally the weld
subjected to the most severe conditions. Therefore, we believe that the sumn of the
failure probabilities of all welds is not appropriate for the determination of the
segment safety significance.

The differences in the WOG and NRC Open Item approaches to estimating the
failure probabilityfor the piping segment can best be illustrated by the following
example.

Suppose Segment A contains one (1) weld and the failure mechanism postulated is
stress corrosion cracking (SCC) and this results in afailure probability FP= JE-
03. Suppose Segment B contains 100 welds with the defaultfailure mechanism of
thermalfatigue and this results in afailure probabiliy FP=IE-04). Both
segments have similar consequences. By the proposed RA! method. Segmenr B
may be ranked as HSSC (segment FP = )E-02) and Segment A may be ranked as
LSSC (segment FP = )E-03). In the ranking proposed by WOG, Segment A may
be ranked as HSSC and Segment B as LSSC.

Based on the Perdue Model results, under the proposed NRC Open ItemRU.|
approach, Segment B may need only I weld to be inspected with a defaultfailure
mechanism (low probability that a significantflaw exists) and in which an
inspection would not be expected to be useful. Under WOG approach Segment
A would have I weld inspected with a dominant degradation mechanism present
(probability of a significantflaw is higher than for thermalfatigue) and in which
an inspection would be expected to be useful. That is the probability offinding
something during the inspection would be at least ten times higher in segment A
relative to segment B.

The objective of P-ISI to inspect based on safety significance and dominant
pipingfailure mechanisms is satisfied using the WOG method at Surry. The
proposed NRC Open Item " approach does notfocus specifically onfailure
mechanism but more on the number of welds. Therefore, our approach is
acceptable. We have included additional clarification of our approach as
described below.

09/29/9SOZ 2t
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The following will be added to the WCAP after thefirst paragraph under Section
3.5 (page 71).

"The intent of thefailure probability estimation is to postulate the
potentialfailure mechanism(s) for a given piping segment and then, based
on the specific conditions for the given piping segment (not an individual
weld in the piping segment) to provide an estimate of thefailure
probabilityfor the piping segment, in order to differentiate the piping
segments based on potentialfailure mechanism andpostulated
consequences. The failure probability of a segment is characterized by the
failure potential (probability orfrequency as appropriate) of the worst
case situation in each segment (not a single selected weld in each
segment). This is calculated by the SRRA code by inputting the conditions
(typically, the most limiting or bounding)for the entire piping segment.
Essentially, the pipingfailure probability is a representation or
characterization of the piping segment.

In addition, the title for Section 3.5.4 (page 78), will be changedfrom
"Considerationfor Selection ofLikely Failure Locations" to "Consideration of
Likely Failure Mechanism(s) ". Also in this section, the following sentences are
revised:

First and second sentence, section 3.5.4 (page 78). "Selection ofpossible failure
modes can have a significant influence on the estimatedfailure probability. One
approach for identi~fingpossible failure modes is to classify the pipe segment
along thefollowing lines:.. "

Page 79. paragraph before section 3.5.5, first sentence changed to read
'If more than one degradation mechanism is present in a given piping segment.

then the limiting values for each mechanism should be combined so that a limiting
failure probability is calculated for risk ranking "

lateactiA_ ofitho all the lika;, dogmadation wschan~irwsfaxAaplrpiag xagesa
ader 'rria3 " Fourth sentence changed to read, "In such cases, interactions

with other effects must be consideredfor determining the most likely
mechanisms. " Last sentence is deleted

Page 83. last paragraph, first sentence changed to read "For the WOG plant
applications, structural reliability and risk assessment (SRRA) tools were used to
estimate the failure probabilitiesfor the piping segments."

Page 84, Replace secondfullparagraph with:

n99/902 3I
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"Failures in a piping segment due to the dominating mechanisms are
correlated not independent, and the dependencies can not be specifically
identified quantitatively. Piping welds in a segment are typically
fabricated with the same materials and processes and subjected to the
same types of operating conditions, such as flow medium, pressure.
temperature, seismic loading. Since the Opes of potential degradation
mechanisms would therefore be similarfor the limiting welds in a
segment, the weldfailures would more correctly be characterized as
correlated Correlated means they would all have comparable trends, such
as all being relatively high or low, but not both The combining of all
significant degradation mechanismsfor the segment probability would be
even more correlated than the individual locations with those mechanisms.
Physically, the weld with the highestfailure probability at a given time
would be the one expected rofailfirst (either on demand or in response to
a loading) and thus result in apipingfailure in the segment. Since its
probability is typically several orders of magnitude higher than those
without the dominating mechanisms, the addition of all of these lower
independent probabilities would not significantly change the numerical
value for the segment."

2. The WCAP states that the median values for stresses were set equal to one-half
the stress values calculated by ASME Code stress analysis. This may be
appropriate for stresses due to seismic loads but seems to be too much of a
reduction for stresses due to internal pressure, deadweight, and thermal expansion,
since these stresses normally have much lesser uncertainty (INEEL Open Item 3).

Response:

See response to question 15(b), itemf of the list included in the response.

3. The WCAP gives little specific information relative to the application of welding
residual stresses in the SRRA models. WOG needs to describe the details of the
residual stress distributions applied (for various pipe sizes and material) and
explain the basis for these (INEEL Open Item 5).

Response:

The following insert will be added after the second paragraph in Section 2 3
(page 9) of WCAP-14572, Rev. 1, Supplement 1.

'The maimum median residual stress of 20 ksi and a 2-sigma log-normal
factor of 2 were selected to bound the masimum tensile residual stresses at
the pipe weld LD. for intermediate (10-20") and large (>20") sized
stainless steel pipe. These residual stresses ore given in the pc-PRAISE

o9/29/980O 44.
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User's Manual (Harris, Dedhia and Lu 1992) and are used to calculate
probabilities of small leak due to IGSCC consistent with those that have
been observed (see Figure 4-3). However, unlike pc-PRAISE, the residual
stress is assumed to be constant through the weld wall and around the
weld circumference in the SRRA models. Furthermore, no relaxation of
residual stress is assumedfor an initialfabricationflaw. Because of
these conservatisms. the ASME Research taskforce members
recommended that the residual stress calculated by the SRRA computer
code be truncated at a maxmumn value equal to the yield strength
regardless of the input values. To accommodate this change, the yield
strength of the weld was assumed to be 90% of the flow stress in the
modified SRRA code usedfor RI-IS!. "

4. The WCAP does not mention the possibility of axial cracks, which could be of
concern for the case of longitudinal welds. WOG should describe the failure
criteria used to evaluate axial cracks in the SRRA models (INEEL Open Item 8).

Response:

The potential of having axial cracks which could initiate from longitudinal
welds has received considerable evaluation by ASME Section X. Industry
experience with this type ofcrack initiation has shown that it is really not a
serious concern and has a qualitatively lowfailure probability of occurrence
due to the normal pressure and temperature ranges associated with nuclear
operating plants. ASME Code Case N-524 was developed and issued by the
ASME to no longer require any special consideration of these welds beyond the
intersection point of circumferential welds. Based on this change in the
requirementsfor inservice inspection, adding the following statement to the
WCAP Supplement provides a sufficient response to this item.

The following insert will be added after the first paragraph in Section 3.1 (page
15) of WCAP- 14572, Rev. 1, Supplement 1.

'The pressure stress, the number of initial flaws in a weld and pipe leak
rate are all calculated assuming circulartha piping geometry with uniform
wall thickness and flaws of concern beingSa circumferentially oriented
In the rare situation that a longitudinalflaw ian axnial weld or non-
standard geometry would need to be evaluated, thefailure probability
should be estimated by other means (e.g., expert opinion or advanced
modeling).

The following insert will also be added to the second paragraph in section
3.1:

O91919SgOO 2
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Caution should be particularly exercised when evaluating full pie *
break probabilities with leak detection. "

5. (a) According to the WCAP, the program PRODIGAL is used to calculate
initial flaw characteristics for the piping welds and the program CLVSQ is
used to calculate leak rates as a function of crack length. WOG should
clarify whether the computer programs PRODIGAL and CLVSQ been
appropriately verified and validated (1IEEL Open Item 13).

Response:

Computer Program CL VSQ and the other SARA computer codes for risk-
informedlSI. such as LEAKMENUandLEAFPROF, were developed
verified validated and controlled in accordance with the Westinghouse
Quality Management System, which has been accepted by NRC as meeting
the requirements of I0CFR50, Appendix B.

All of the results of the PRODIGAL computer codefor RI-ISS Iincluding
initial flaw density, median flaw depth and depth uncertainty were
provided by the Pacific Northwest National Laboratory as part of their
SARA independent review programfor NRC (see NRC Memorandum to
the File by Jack Guttman and SyedAli, Meeting Summary - Meeting with
the ASME Research on Nuclear Risk-Based Inservice Inspection
Programs, dated December 10, 1996). PNNL's quality assurance
program requirements would apply and the developer of the PRODIGAL
computer code has stated that it meets IS09001 requirements.

(b) The program PRODIGAL is used to calculate the number of flaws per
weld length near the inner surface of the pipe. WOG should explain
whether all such flaws calculated by PRODIGAL are treated as surface
breaking flaws in the SRRA fracture calculations. If so, is the flaw density
in the failure probability calculations adjusted to reduce the effect of flaws
that are not actually surface flaws (Open Item 14, 1NEEL).

Response:

Thefollowing insert will be added after thefirst paragraph in Section 2.1
(page 7) of WCAP-14572. Rev. 1, Supplement 1.

'All near-surfaceflaws are assumed to be- inner surface breahkngflaws.
As discussed above, the stress intensityfactorfor the near-swfaceflaws
(inner 25% of wall or innermost 2 weld passes) are conservatively
calculated in the SRRA fracture mechanics models. Furthermore, the

o9/291/9 s * 6.1
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flaw density usedfor the failure probability calculation is nor reduced to
eliminate the effect offlaws that are not actually surface flaws. '

(c) The program CLVSQ uses a simplified correlation to calculate leak rates.
Discuss the accuracy of this correlation and explain why the more detailed
model of pc-PRAISE was simplified. Explain whether this simplification
consistently errs on the conservative side (Open Item 15, INEEL).

Response:

The SRRA simplified leak rate correlation in the CLVSQ Program, as
exemplified in Figure 2-4. was provided by Dr. David Harris, a developer
ofthe PRAISE code and a member of the ASME Research Task Force on
Development ofRisk Based Inspection Guidelines. It was derivedfrom an
average of the flow ratesfrom pc-PRAISE parametric studies involving
pressures of 300, 1 000 and 2235 psi, temperatures of400 and 550 F, 6
and 29 inch pipe sizes and various stress levels that affect the crack
opening displacement. The accuracy of the correlationforfatigue type
cracks was estimated to be + 25%. This accuracy was judgedto be
acceptable by the ASME Research Task Force since PNNL member Fred
Simonen's studies with pc-PR.ISEshowed that the large leak and break
probabilities were relatively insensitive to the actual value of the
detectable leak rate in the range from 0.3 to 300 gpm (see NRC
Memorandum to the File by Jack Guttman and Syed Ali, Meeting
Summary - Meeting with the ASME Research on Nuclear Risk-Based
Inservice Inspection Programs, dated December 10, 1996). The more
detailed pc-PRAISE models for leak rate also require very long run times
on a personal computer since an iterative trial and error solution is
requiredfor each calculation of leak rate as afunction of a very large
number ofpostulated crack lengths.

The simplified leak rate model in CLYSQ is actually more accurate than
the initial leak rate model described in the pc-PRAISE User's Manual,
NUREG/CR-5864, July, 1992. This is because the crack opening
displacement is now calculated in both models using a more accurate
fracture mechanics (J-Integral) approach When Lawrence Livermore
National Laboratory (LLNZ) provided Yersion 3.0 of pc-PRAISE to the
NRC in April of.1993, the cover letter noted that when it was used/or the
11 sample problems in NUREG/CR-5864, "the new leak rate calculation
scheme does not appear to change the probability of a LOCA at all.' Also
'the effects of the new leak rate treatment on the leak probability
calculations are noticeable, although hardly signifjcant, only in a minority
ofcases. For instance, the probability ofbig leak at 40 years changes
fronl .Sxl O'6 to 9.8xl 0'7 in Sample Problem 1 while the probability of a
leak (small or big) changesfrom 8.&5x] 02 to 1.6x1O1 in Sanmple problem
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6." Sample problem 1 wasfor leaks due tofatigue crack growth while
sample problem 6 was for leaks due to stress corrosion cracking.

(d) It is the staffs understanding that the existing correlation for leak rates is
limited to PWR RCS conditions. WOG should address the applicability of
those correlations to other plant conditions. Clarify whether the SRRA
code can be applied to BWRs. If yes, justify the applicability of the
correlations used to calculate leak rates under BWR operating conditions
(RES Open Item 31).

Response:

Consistent with the response to Question Sc, the existing correlation for
leak rates can be usedfor other pln: conditions beyond the RCS. SRRA
can be applied to BWVs; however, care must be exercised in applying this
approach to BWR piping systems particularly those subjected to IGSCC.
The following insert will also be added after the third paragraph in
Section 2.2 (page 8) of WCAP-14572, Rev. 1, Supplement 1.

'Due to the differences in crack morphology, the PICEPS code
would predict a larger leak rate forfatigue type cracks than cracks
due to stress corrosion cracking (SCC) even if all other conditions
were the same. Since mos piping susceptible to SCC is also
subject to fatigue loading, such as normal heat up and cool down,
the leak rate correlation forfatigue type cracks was conservatively
assumedfor the CLVSQ Program. If the piping is shown to be
subject to SCC and notfatigue, then the conservative SRRA over-
prediction of SCC leak rate can be corrected by using the PICEPS
computer code to calculate an equivalentfatigue crack leak rate
corresponding to the desired SCC-only crack leak rate."

6. The WCAP states that the high-cycle fatigue stress due to mechanical vibration is
specified in the SRRA input for the small pipe size of I inch. A correction factor
is applied to this stress to obtain the fatigue stress for other pipe sizes. The report
identifies what these correction factors are for the other pipe sizes, but does not
identify the value that is actually used for the high-cycle fatigue stress for the I-
inch pipe size (INEPL Open Item 16).

Response:

Vibration inputfor I-inch pipe size is an input parameter determined by the SRRA
user. The following insert will be added at the end of the second paragraph in
Section 2.3 (page 9) of WCAP-14572, Rev. 1, Supplement 1.

o9I29/98OO8&

o:\4393\VersionA\4393-Fl.doc:lb-030299



!.- rFlNAL

"To accommodate this change the affected simplified input parameter is
now the peak-to-peak vibratory stress range in ksi corresponding to a one-
inch pipe size. For example if a 1-ksistress range is eslimaoedfor the 10-
inch pipe being evaluated; then an equivalent 6-ksi range for a one-inch
pipe size would be input so it would be factored correcly go the desired)-
ksi stress range."

7. (a) Figure 4-2 of the WCAP Supplement I presents a comparison of SRRA
model predictions with industry plant data relative to the probability of
violating minimum wall thickness criteria because of flow accelerated
corrosion wastage. The graph indicates that the SRRA model tends to
over predict the failure probability early in plant life and to under predict
later in life. WOG should provide an explanation for this behavior that
may be used to refine the model (ONEEL Open Item 17).

Response:

The industry observedfailure rates due to wastage are within afactor of 2
to 3 of the SRRA calculated values even though the calculation was based
upon data averaged values of pipe size and wall thickness. Since the
observedfailure rate was based uponyears since operating license, a
constant value for the number ofhours atfidlflow per>year was assumed
because the number ofactual operating hours was not in the industry
plant database. The minor over prediction early in life is due to lower
plant startup capaciryfacrors (fraction of Rime atfull power andflow)
while the- minor under prediction later in life is due to higher capacity
factors during this more mature period ofplant operation.

(b) Supplement I to WCAP provides information on assumptions made in the
SRRA wall thinning model. However, it appears that many users could
have difficulty in relating inputs to the model with the type of information
available to plant technical staff. In addition, users may not have
sufficient insight into the assumptions behind the wall thinning model to
perform calculations in a correct and consistent manner. WCAP should
provide guidance for plant personnel executing the SRRA Code for FAC
that provides reasonable assurance that the calculated results for FAC
failure probabilities are appropriate (RES Open Item 27).

Response:

The response is included in item h in the response to question 15(b)

The following insert will be added after the eleventh reference in Section 6
(page 55) of WCAP-14572, Rev. 1, Supplement 1.

0929/9= 94
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"Chexal, B. et al., "CHECWORKS Flow Accelerated Corrosion.
Version L.OF, User Guide, "Final Report TR-103198-PI, Electric
Power Research Institute, June, 1998. "

8. (a) One issue of this element is not fully addressed by the methodology is the
process by which to identify the scope of plant systems to be included in
the RI-ISI proposed program is considered, but plant safety functions that
rely on the affected piping have not been identified (INEEL Open Item
20).

Response:

Page 51 of the WCAP. last paragraph, after the first sentence, the
following will be added: "The safetyfunctions of the plant systems
identified through the Maintenance Rule should be reviewed to ensure all
plant safetyfincions have been appropriately consideredfor the scope of
the risk-informed IS!program '".

In addition, WCAP-14572 will be revised to specifically state that the
safetyfimction(s) of the system andpiping segment being reviewed should
be presented to the Expert PaneL Table 3.6-9 will be revised to show the
latest version of the Expert Panel Evaluation Segment Ranking Worksheet
with a System Function item added to Section 1 of the table. Table 3.6-10
will be revised to change the definition of Section I to 'This section
contains information describing the system, the segment, plant drawing
references, and the system andpiping segment safetyfunctions. "

It was clarified at the September 22. 1998 meeting that this item dealt with
partial scope programs. The response to this item is provided as part of
the Additional Notes" at the end of the open items.

(b) Operator action to isolate a break and mitigate the immediate
consequences of the break are credited in the ISI analysis. For example,
an operator closing an MOV will stop the loss of water from a break
downstream of the MOV. The methodology does not recommend
assigning a probability that the operator(s) fail to perform the action.
Instead, two sets of calculations are performed, one assuming all such
actions are successful and one assuming that all such actions fail. The
RRW and RAW measures are calculated for these different assumptions.
The WCAP states that if any of the results are greater than the RRW
guidelines, they are highlighted. It is not clear if the segment is assumed to
be high safety significant The staff finds the use of these sensitivity
studies to bound the possible impact of the operator's attempts to mitigate
the event acceptable because a quantitative estimate of such unusual
actions under such unusual conditions would not increase the precision of

09/29/98.Z l o ;

o:\4393\VersionA\4393-Fl.doclb-021899



PP Yp1TVAP IAYrZ FINAL

the results and may, in fact, obscure important results (SPSB Open Item
44).

Response:

The intent of the methodology is to consider a segment to be high safety-
signifi cant if the RAWisgreater than 1.005for either the base case
(operator action to mitigate the effects of the break not assumed) CDFor
LERFcalculations or the sensitivity case (operator action assumed
successid) CDF or LERF calculations. This saefety significance
consideration is either confirmed or changed by the expert panel during
the panel review process.

Page 1)0 of WCAP-14572, last paragraph, the following is added:

|'Segments are initially classified £ag;_asa-aa high safety..signifi cant if
theRRWisgreaterthan 1.005for the CDF or LEPFcalculations with or
withoutoperator action. Segments with RWvalues between 1.001 and
1.004 are deemed to be worthy of additional consideration by the plant
expert panel This safety significance consideration is either confirmed or
changed by the expert panel during the panel review process.

(c) The staff finds the expert panel process and information presented in the
worksheets as meeting the intent of the integrated decision-making
process, as discussed in RG 1.1.74 and 1.178, in that traditional, PRA,
deterministic, qualitative and quantitative insights are integrated in
identification of HSS piping segments. However, no guidance to the
expert panel is presented in the WCAP that provides consistency in
categorization of piping segments among the various licensees who apply
the WCAP method. WCAP needs to provide guidance that ensures
consistency among the licensees (RES Open Item 43).

Response:

Additional general guidance for the expert panel will be added to Section
3.6.3. anda reference to it will be added to Section 5.6. A caution is noted
with regard to the NRC requestfor 'guidance that ensures consistency
among the licensees. " Following the overallprocess in WCAP-14572 and
the guidance for the expert panel will result in consistency among
licensees with respect to the method used However, -the results, in terms
of the segments classified as high safety-significant. may be different from
plant to plant due to differences in plant design? operation procedures.
and operational concerns (e.g.. some segments could be added to the
inspection program for plant availability reasons).
Section 3.6.3 will be revised to read -

09/29/98093=S 11-4
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"The expert panel (such as the expert panel usedfor the Maintenance
Rule) evaluates the risk-informed results and makes afinal decision by
identifying the high safeiy-significant pipe segmentsfor IS. The piping
segments that have been determined by quantitative methods to be high
safety significant should not be classified lower by the expert panel
without sufficientjustification that is documented as part of the program.
The expert panel should be focused primarily on adding piping segments
to the higher classification. The expert panel mayfeedback comments to
the appropriate engineering personnel which may cause an adjustment of
the numerical results. Adjusted numerical resulisshould be reviewed by
the expert panel The expert panel should:

_ Consider the PSAfailure probability information which initially
classifies segments as high safety-significant if the RRW is greater than
1. 005for the CDF or LERF calculations with or without operator action
Consider the RA Wvaluesfor additional insights. Segments with RAW
values between 1.001 and 1.004 are deemed to be worthy of additional
consideration.

* Consider otherdeterministicfactors to assess the segment safety
significance (refer to Section 3.6.2)

* Evaluate segments with similar consequences and/orfailure
probabilities in a similar manner to ensure classification consistency
among segments within a system and between systems.

* Obtain a consensus decision for the safetysignificance of each segment.
If a consensus cannot be reached4 determine what additional information
is needed to reach a consensus and evaluate the segment(s) agait

* Plant-specifc expert panel guidance should be developedfor this
process orguidancefrom other risk-informed applications (e.g.,
Maintenance Rule) may be used as part of this process to ensure
consistency across the risk-informed applications. " I

(d) The WCAP needs to define more clearly the review of internal event
recovery actions while developing surrogates (SPSB Open Item P3(2)).

Response:

Choosing a surrogate PSA component to represent the system effects of a
pipefailure in a segment must include consideration of how the surrogate
component is modeled in the PSA. including the modeling of recovery
actions for the component. To emphasize this consideration when

09129/93O0= 2J 1
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choosing surrogate components, the following will be added in thefirst
full paragraph on page 91 before the sentence beginning with "The
conditional core damage ... ":

"When choosing a surrogate component, care must be taken to
accountfor the ways in which the component has been modeled in
the PSA, including recovery actions which may have been modeled
to restore the operability of the component. If the recovery action
was determined to be inappropriatefor the postulated consequence
given a pipingfailure, the recoveryaction basic event should also
be failed with a probability of 1.0. "

(e) The WCAP needs to define more clearly what analysis documentation
should be kept in retrievable files (Surry spreadsheets still marked
preliminary draft) (SPSB Open Item P3(3)).

Response:

Each major step of the risk-informed Slprocess should be documented in
retrievable files. A new Section 5.10 of the WCAP is added to emphasize
the documentation requiredfor the program.

'5.10 DOCUMENTATION

Each major step of the risk-informed IS.process should be documented
forfuture use in retrievable files. Below is a list of information that may
be included by an individual utility in their RI-ISI submittal to NRC. A list
of information to be retained onsitefor retrieval andpotential NRC audit
is also provided. The information to be retained is summarized in the
previous sub-sections.

Pioposed NRC Submittal Contents
. Current Inspection Code
* List of changes to licensing basis (relief requests. FSAXR etc.)
* Processfollowed (compliance with WCAP, Code Case and note

exceptions to methodology)
* Summary ofresults of each step of the process
* How meet RGprinciples
. RP-ISIProgram Plan (summaryofchangesfrom currentprogram4

such as shown in Table 4.4-2)
• Performance monitoring/feedback/corrective action program

changes/commitments
* Future reporting to NRC

1 09n29/9 sa
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Retrievable Onsite Documentation for Potential NRCAudir
i Scope Definition

* Segment definition
a Failureprobability assessment

a Consequence evaluation

* PSA Model Runsforprogram
* Risk evaluation
* Structural elementNDE selection

- Change in risk calculations
a PRA Quality review

a Continual assessmentforms as program changes based on inspection
results, etc.

* ASME Code required documentation (including inspection personnel
qualification, inspection results andfiaw evaluations) " l

9. It appears that the possibility of check valves failing to close and automatic
isolation valves failing to close is not considered during the analysis. That is,
proper operation of check and isolation valves is assumed when defining segment
boundaries. The staff notes that the probability of such valves failing to close
range from I E-02/demand to less than I E-03/demand. In general, the staff
expects the difference in the conditional consequences on one side of a valve
versus the other would not be so great that this assumption would have any impact
on the results. Containment isolation valves should, however, be reviewed to
ensure the assumption is appropriate. WOG should clarify what credit is being
given for automatic closure of isolation valves and whether the probability of
isolation failure would be considered in determining segment boundaries (INEEL
Open Item 21, SPSB Open Item P4).

Response:

When defining the consequencesfor the segments, check valves are assumed to
close. The bases for this assumption are given in WCAP-14572 Section 3.3 (page
57). For automatic isolation valves and containment isolation valves, the
following will be added to Section 3.3 after the discussion on the check valves:

"Automatic isolation valves are assumed to close ifthe pipefailure in
question would create a signalfor the valves to dose. Containment
isolation valves should be carefidly consideredfor segments which
contain the containment penetrations. Ifthe segment consequences are
sign if cantly different assuming an automatic andlor containment isolation
valve failure, then the piping segment definition should be reviewed and if
necessary, the piping segment should be firther combined or subdivided

o9I29/9aS= 14.3.
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such that thefailure of the valve. under pipeffailure conditions, would be
considered in conjunction with the change in consequences.

10. In Section 3.2 of the WCAP, in the Walkdown section, it is noted that for high
energy piping that has the potential to whip following a postulated failure, it
should be considered that a whipping pipe that has the potential to impact other
piping will not rupture lines of equal or greater size, and that it should be assumed
that a through-wall crack will develop in a line that is impacted by a whipping
pipe of the same size. WOG should provide the basis for these assumptions
(INEEL Open Item 22).

Response:

The basisfor these assumptions is the following references:

AmericanNuclearSociety, -Design Basis ForProtection ofLight
Water Nuclear Power Plants Against the Effects of Postulated Pipe
Rupture, "ANSL/ANS-58.2-1988. 1988.

Westinghouse Systems Standards Design Criteria (SSDC) 1.19,
"Criteria For Protection Against Dynamic Effects Resulting From
Pipe Rupture" Revision 1. 1980.

SSDC 1.19 provides criteria based on pipe whip tests that were conducted by
Westinghouse about 1970. These references will be added to the WCAP-14572,
Revision I and cited appropriately on page 66.

11. Although it is stated in several places that the augmented programs are not
included, the detailed results provided by Surry seem to include changes to the
augmented programs. Furthermore, the augmented programs are credited in the
pipe failure probability calculations. The degree to which the augmented
programs are incorporated in the RI-ISI needs clarification (SPSB Open Item 23).

Response

No changes to the augmented inspection programs are being made with the
proposed change to the ASME Section Xl Sl program (as stated on page 4 and
14). However, they are considered as part of the RP-ISIprocess. This is
discussed in Section 3.5.5 of WCAP-14572 and Section 3.6 (such as pages 104
and 123).

As stated on page 1 f04.for the risk ranking calculations, augmentedprograms
(such as erosion-corrosion and stress corrosion cracking programs,) are credited
when the augmented program is deemed adequate infinding piping degradation
with respect to the failure mechanism. This was done at Surny by using the SRRA

1°9 so 15s
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failure probabilities with ISI but without leak detection to credit the augmented
programs as reducing thefailure proba bilityfor that specificfailure mechanism.
The augmentedprograms are also credited in the change in risk evaluationfor
both the ASME Section Xprogram and the proposed RP-JSIprogram.

12. WCAP should provide guidance for the analyst on the code limitations for
complex geometries and guidance for effective use of the code in such
applications (RES Open Item 28).

The SRRA piping models only apply to standard piping geometry (circular
cylinders with uniform wall thickness). A limitation on the use of non-standard
geometry was also added to the response to Question 4 to address this
concern.

13. WCAP should specify the level of training and qualification that the code user
needs to properly execute the SRRA code (RES Open Item 29).

Response:

Thefollowing insert will be added after the response to question 15(o), which
follows the first paragraph in Section 3.2 (page 16) of WCAP-14572. Rev. 1.
Supplement 1

'To ensure that the simplifiedSRRA input parameters described above are
consistently assigned and the SRRA computer code properly executed, the
engineering team for SRR. input should be trained and qualified The
following topics should be covered in this training:

. Overall risk-informed IS!process,
* How SMA calculatedprobabilities are used in the piping segment risk

calculation,
* Expertise and type of information required, including applicable sources

(see Table 1-1).
* How potential degradation mechanisms are considered and combined (see

Table 1-2),
* The importance of each input parameter on each degradation mechanism

andfaiture mode,
e Example SRRA program use for different degradation mechanisms and

failure modes. and
* How detailed SRRA input (eg. uncertainties in Section 3.4) is developed

and used"

o9/29/9sSO. I6"
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14. WOG should describe how proof testing is addressed in the SRRA calculations.
If it is not addressed, clarify what impact does its neglect have on the calculated
failure probabilities and categorization (RES Open Item 32).

Response:

Tefollowing insert will be added after thefirs: paragraph in Section 3.3 (page
1 7) of WCAP-J4572, Rev. 1, Supplement 1. The effect on the segment risk ranking
and categorization would also be very small and only slightly conservative.

'it should also be noted that the SRRA models in LEAKPROFdo not take
creditfor eliminating large flaws. which wouldfail during the pre-service
hydrostatic proof test, even though this is allowed as an input option in
pc-PRAISE The SRRA model is only slightly conservative in this regard
since the probability of having an initial flaw big enough to leak during
the hydrostatic proof test would normally be very smaLl"

15. (a) The probability of detection curves used in calculations need to be
justified for the material type, inspection method, component geometry,
and degradation mechanism that apply to the structural location being
addressed. In this regard, users of the SRRA code should seek additional
NDE reliability data and insights beyond the information and limited
number of examples provided by WCAP-14572, Revision 1, Supplement
1 (RES Open Item 33).

Response:

The following insert will be added to the end of the first paragraph in
Section 3.3 (page 17) of WCAP-145 72, Rev. 1, Supplement 1.

"Furthermore, the default input values for the probability of
detection (POD) offerritic and austenitic pipe are also consistent
with the default input values for pc-PRAISE since the SRRA models
were to be bench-marked with this software (see Section 4.3).
However, the SRR.A code user must ensure that the specified input
values for POD are appropriate for the tpe of material, inspection
method, component geometry and degradation mechanism being
evaluated Additional NDE reliability data and insightsfor POD
determination are given in the references cited in Section 6.1 of the
pc-PRAISE User's Manual (Harris, Dedhia and Lu 1992), Section
2 6.2 of Volume I (ASME 1991) and Section 2 7.3 of Volume 2,
Part I (ASME 1992) of-the Risk Based Inspection Guidelines.'

(b) With proper inputs, the code provides a useful tool to assist in estimating
piping failure probabilities due to wall thinning. The main difficulty with

19/29/98"s, 17J.
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the methodology is the need for a consistent basis to assign input
parameters, an area where the code documentation provides little
guidance. There is a potential for different users of the code to estimate
significantly different values for failure probabilities as a result of different
judgements and interpretations associated with the high, medium and low
categories of wall thinning. WOG should expand the code documentation
to provide additional guidance for selecting the input for the calculation
(RES Open Item 35).

Response:

The second-ro-last sentence in the first paragraph in Section 3.2 (page 16)
in WCAP-14572, Rev. 1, Supplement ) will be deleted and the following
insert will be added after this paragraph. Item 9 ofthe LEAKMENU input
instructions in Section B ofAppendixA will also be revised to be
consistent with the following insert.

'Aefollowing items describe the simplified input variables in
Tables 3-1 and 3-2 and any associated assumptions that could be
important in assigning their input values. If more than one
degradation mechanism is present in a given piping segment, then
the limiting input valuesfor each mechanism should be combined so
that a limitingfailure probability is calculatedfor risk ranking.

a) The inservice inspection input is optional since it is used to
evaluate the benefit ofa proposed inspection program See
the secondparagraph ofSection 3.3 on specifying an
appropriate accuracy (probability of detection). Note that
the first inspection is assumed to be performed at 112 of the
input interval. For a normal interval of 10 years. ISI would
be assumed at the end of years 5, 15. 25 and 35.

b) Allpiping materialproperties, exceptjlow stress
(approximate average of yield and tensile strengths), are
assumed to be independent of temperature in the simplified
SARA input.

c) LEAKkIEU will automatically calculate the outside
diameter (O.D.) and its uncertaintyfor the specified nominal
pipe size (NPS). However, the actualpipe wall thickness to
O.D. ratio must be used

aI) The welding residual stress is much more importantfor
stress corrosion cracking than forfatigue. The weld
fabrication process, especially arypost-weldheat treatment,

o9/29/9n00= I I.
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should be considered in estimating its median value. The
existing residual stress can also be reduced sign ficantly due
to mitigative actions, such as application of induction
heatingand mechanical stress improvement processes. its
value is always truncated at a minimum value of 0 and at a
maoimum value of 90%S of theflow stress (approximate yield
strength) during the piping simulations in the LEAKPROF
program.

e) The initialflaw conditions normally refers to whether
radiographic (X-Ray NDE) was performed on the pipe welda
since this affects the flaw density (probability of initialflaw
existing) Oneflawshouldbe specified when thefliow is
assumed to be initiated by high-cycle secondary stresses (eg.
thermal striping) or by stress corrosion cracking. The initial
flaw size and its uncertainty are automatically calculatedfor
typical welds using results from PRODIGAL (Chapman
1993) as described in Section 2.1.

.f The normal steady-state operating stress is the sum of the
stresses due to operating pressure and deadweight and
restraint of thermal expansion (DW'& Thermal). All stresses
that are specified as a ratio to theflow stress are assumed to
be upper bound valuesfrom a conservative stress analysis.
The uncertainty on these stresses assumes that the input

median value is only one-half the upper bound valuer based
on experience in performing stress analbses for nuclear plant
piping systems.

Ifall the following conditions exist.
• DWstresses are calculated using distributed values

instead of point loading
• actual support stiffnesses are used instead of assuming

perfectly rigid (zero deformation) supports,
a actual operating conditions are usedfor calculation

instead of design conditions
• the DWand thermal stresses are calculated without any

ASME Section III stress concentration factors for peak
stresses, which are imporsantforfatigue crack
initiation but not for crack growth

Then, higher median values and lower uncertainty can be
justfied and used via the detailed input option

109/29/9900= 19;
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g) The maximum stress corrosion cracking (5CC) potential of
1.0 isforfully sensitized SS in a BWR primary water
environment. For the same potential the SCC rates per KA2
for 304 SS, 316 SS and carbon steel are 3.59E-8, 3.24E-9.
and 3.59E-1I inch'hour, respectively, where K is the stress
intensityfactorfor pressure. DW& Thermal and residual
stresses.

h) The maximum material wastage potential of 1.0 isfor an
industry average flow assisted corrosion rate of 9.5 mills per
year. For example, ihe plant's existing FAC control
program indicated a 6-inch (NPS) schedule 40 carbon steel
pipe (0.28" wall) w out d:fully waste away in 120
years, then the average rate is 23 mills peryear and the
associatedpotential is approximately 025. For the same
potential, the material wastage ratesfor 304 and 316 SS are
assumed to be only 0.1% ofthatfor carbon steeL When
material wastage rates are high enough to proceed through
the pipe wall, the probabilities ofsmall leak large leak and
break are all calculated to be the same.

For wastage due toflow assisted corrosion, the FAC
module in the CHECWORKS Program System, which was
developedfor EPRI (Chexal, et al. 1998), can be usedt with
or without data from the plant's existing FA C control
program, to estimate the average wastage rate and
corresponding potential. However, ifimitigative actions
have been taken such as replacement with a corrosion
resistant material, then not taking any creditfor it could be
grossly conservative. For example, with a wastage
potential of 1.0 with no credit taken, assuming the
mitigation action is 90%o effective should result in a
wastage potential of only a0. (or 0.01for 99% effective)
with significantly lower and more realistic SRRA
calculatedfailure probabilities.

i) The high-cyclefatigue stresses due to mechanical vibration
are specifledfor a smallpipe size of ) inch and correctedfor
the input pipe size. The logarithm of the correctionfactor
varies linearly with pipe sizefrom afactor of I at I inch to a
factor of 1/6at 1 Oinche Afactor of 1/6 is usedfor allpipe
sizes above 10 inches. Failure occurs when the stress-
intensityfactor range (d)Q exceeds the fatigue crack growth
threshold at an R value (KnmiWnKma) of 0.9.

O9/29/9rsQg 201
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j) Cyclicfatigue loading includes that due to thermal
rapnsients, like normal heat up and cool down or

stratification, and that due to periodic seismic loading (eg.
OBE). Typically, the higher the degree ofpiping restraint.
the higher the thermal stress range and the lower the seismic
stress range. Both the vibratory and cyclicfatigue stress
values should be input as a stress range, which is twice the
stress amplitude that is sometimes calculated in the stress
analysis. Therefore, the input median stress range would
equal the calculated upper bound stress amplitude tif the
stress report loading were controlling.

k) The crack growth ratefor cyclic fatigue loading is based
upon an R value (see item i) of Ofor stainless steel andfrom
0 to 0.25 for carbon steel IfR values significantly different
than this are known to exist then correction of the input
stress range is required For stainless steel, an equivalent
stress range can be calculated bysimply dividing the value
of the stress range by the square root of (1 -,R).

1) The design limiting stress is typically providedfor the event
that would most likely challenge the structural integrity of
the piping, such as an SSE, LOCG. or water hammer. It
should be provided to check iffull break is more limiting
than the large system disabling leak If the system disabling
leak rate is set to 0 (none), only the fidl break probability is
calculated if the break probability turns out to be limiting.
then the probability of the design limiting event occurring
should also befactored into thefailure probability value
usedforpiping segment risk ranking

m) If the minimum detectable leak rate is set to 0 (none), no
credit is takenfor leak before break orfor small leak before
large leak Note that the design-limiting stress and the
disabling and detectable leak rates are not used to calculate
small leak (through-wall crack) probabilities.

n) Jfsnubbers are included in the piping system. then the
effects of the snubbers not working properlyshouId also be
considered This could result in an increase in slow cycle
fatigue loading (itemij) if the snubbers lockup during
normal thermal cycling or an increase in seismic loading
(item ) if the snubbers do not lock up during unexpected
rapid motion. In either of these cases, the SRRA calculated
probability would have to be multiplied by the jrobability

09/2919&U3= 214.
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that the snubbers do not operate properly (e.g. 0. for
10%). The largerfailureprobabilitiesfor either proper or
improper snubber operation would then be usedfor
segment risk ranking.

16. Supplement one to the WCAP references an outdated assumption of limiting
failure probabilities to IE-08 if the code calculates lower numbers. That is no
longer the method and the document should reflect the final methodology (RES
Open Item 36).

Response:

The last sentence in thefirst paragraph in Section 4.3 (page 41) of WCAP-14572,
Rev. 1, Supplement 1, will be deleted

17. WCAP needs to provide justification for the guidance provided for location of
circumferential and longitudinal breaks in high energy piping runs (RES Open
Item 38).

Response:

The basis for the guidance given on page 65 of WCAP-14572. Revision I is
provided in the following references:

American Nuclear Society, 'Design Basis For Protection of Light Water
Nuclear Power Plants Against the Effects of Postulated Pipe Rupture, -
ANSI/ANS-58.2-1988, 1988.

US Nuclear Regulatory Commission. Branch Technical Position MEB 3-
1." Postulated Rupture Locations in Fluid System Piping Inside and
Outside Containment. " Revision 2. June 1987

Westinghouse Systems Standards Design Criteria (SSDC) 1.19, "Criteria
For Protection Against Dynamic Effects Resulting From Pipe Rupture'
Revision 1. 1980.

Pipingffailures are assumed toboccur at any point along the high energy piping
runs consistent with the guidance that is presented and these points are not
limited to those that just may have a high stress value or high cumulative usage
factor. The above references will be added to the WCAP-14572, Revision I and
cited appropriately on page 66. consistent with the response to question 10.

18. For the standby systems, the equations in the WCAP do not incorporate the
contribution of exposure time (allowed outage times). The staff finds the
arguments acceptable that if the AOT does not significantly contributeto the

o9/29/9sOQ== 224.
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calculated CDF/LERF or system unavailability, then the contribution from AOT
need not be calculated. However, the WCAP should provide a checklist to ensure
that such contributions are negligible when development the analytic model (RES
Open Item 41).

Response:

To address the possibility that an AOTcontribution may be significant with
respect to system/train unavailabiliryfor standby systems, the following will be
addedfollowing the last bullet to thefirst full paragraph on page 100:

"However, for systems in which the A OTis on the order of magnitude of
the test interval (7T) such that the AOT is approximately ( Y T)n2, or %,
Tt. the contribution of unavailability expressed as (FR pB) AOTshould be
added to right side of equation 38.

19. The staff considers that the sensitivity study where the pipe failure probabilities
are assigned range factors provides valuable insights and should be made part of
the methodology to be used by each licensee. WOG needs to confirm that the
sensitivity calculations would be part of the WCAP methodology to ensure that
the medium safety significance range is appropriately selected, e g, that no low
safety significant segments migrate to high safety significance when reasonable
variations in the pipe failure probabilities are considered (RES Open Item 45,
SPSB Open Item P2).

Response:

The sensitivity study described above will be part of the WCAP methodology

Thefollowing statement will be added to the Uncertainty analysis description
contained on WCAP page 123 and replace the first sentence ofthis section.

"In addition to the sensitivity studies described above, a simplified uncertainty
analysis is performed to ensure that no low safety signif cant segments could
move into the high safety significance when reasonable variations in the pipe
failure and conditional CDF/LERFprobabilities are considered. The results of
this evaluation along with other insights are provided to the plant expert paneL"

20. The WCAP states that implementation of an RI-ISI program for piping should be
initiated at the start of a plant's 1 0-year inservice inspection interval consistent
with the requirenents of the ASME Code Section Xl, Edition and Addenda
committed to by an Owner in accordance with 10 CFR 50.55a. However, it is not
clear if it is the intent of this section to provide the staff periodic update on the RI-
ISI program. The staff requires a 10-year update/status report be provided for
staff information. This enables the staff to monitor program effectivefess and

19/2 m9 23U
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industry exerience. This section of WCAP should be modified to provide such
guidance (RES Open Iten 46).

Response:

The WCAP is being submitted as a proposed alternative request under
I0CFR5s.55a(3)aI) to be used in lieu of the requirements associated with the ISI
programfor piping provided in 1OCFRsa.55a(g). In this regard the 10-year ISI
program submittal that is required under Section.XE IWA-1400(c) by reference
only under 10CFR5a.s5a(g) (4) through IOCFR5a.55a(g)(5)r() is no longer a
requirement and the words provided in the WCAP take precedence as
requirements and guidance in this area.

Section 4.5 of the WCAP provides the alternative program requirementsfor a RI-
ISlprogram that replaces those currently in the regulations under
)OCFR50.55a(g). Section 4.5.1first states a requirement that the PJ-ISIprogram
for piping be consistent with the current Edition andAddenda of Section X7 that
the Owner has committed to in accordance with I OCFRs.55a. This will actually
be the Edition and Addenda of SectionXI currently being usedfor a plant's
existing ISI program if the plant chooses to implement their RP-ISI program in the
middle of their current 10-year inspection interval or combines it with a 10-year
update using a later NRCapproved Edition andAddenda of SectionX. ZThis
Section X Code reference only applies to that portion of the ISIprogram that will
become Risk-Inforrmed and meets the intent of the SectionA Code reference that
is requiredfor the implementation of ASME Code Case N-577. Once this Section
A7 Code reference is used it becomes the choice of the Owner whether to change
that reference in thefuture.

Section 4.5.1 states that the Owner should submit the initial PJ-ISI program
(applies to the initial 10-year RI-IS) program for piping covered by the criteria in
the WCAP)for NRC staff approval. but subsequent 1 0-yearprograms should not
be submitted This is a living program and the WCAP provides reporting
requirements on aperiodic basis in Section 4.5.2

The following sentence will be deleted from Section 4.5.1. 'Initial RI-ISI
programs should be submitted for NRC staff approval, but subsequent 10-year
programs should not. " The following sentence will be added after the sentence
'Documentation ofprogram updates shall be kept and maintained by the Owner

on site for audit. ": "Changes arising from the program updates should be
evaluated using the change mechanisms described in existing applicable
regulations (eg.. 10CFR50 55a. 1OCFR50.59. and 10CFR50Appendix B) to
determine if the change to the RI-ISI program should be reported to the NRC
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Section 4.5.2 outlines minimum periodic reporting requirements that would
exceed a 10-year update/status report by at least three times and are more
conducive to monitoring a RF-ISIprogramfor piping (a living program). If
changes are made to the Code Edition orAddenda of Section X wsed in a RI-S!
program they would be identified on the FORM OAR-1 or a currently used FORM
NIS-4 and based on the current words in Section 4.5.1. These words require that
the Edition andAddenda of Section XI used in a RI-SS program meet the
requirements of I OCFRsO.55a. TAs H= balimag& thatL1. ?45c; gridancr and

pxlorrng rx.w"' ;a th A'RC5'ff'p. 1dod in Sfrn;iu L-d
cLhnwer 'c ALA 'C'fP ir l t dr~' this Aw The following sentence will
be added to the paragraph that ends on the top of page 219: 'Changes should be
evaluated lo determine if the change should be reported lo the NRC."

21. WCAP needs to clarify as to why it's appropriate to reduce the segmnent failure
potential by factor of three on page 206 (SPSB Open Item P5).

Response:

The factor of three improvement in the failure probability is credited when, for a
given piping segment at least two separate inspections are being performed One
inspection is performed for the primaryfailure mechanism which is addressed by
an augmented program and a second inspection or inspections is/are performed
so that the secondary mechanism is addressed by either the Current Section XI
program or the risk-informed ISlprogram The factor of three improvement was
necessary since the SRRA results with IS! were already used in the base
calculations ifthe piping segment was in an augmentedprogram.

An additional bullet will be added following the ZJa-bullet on page 206 i.ll-ba
wziso which states:

"For selectedpipingsegments that are in both the currentSection A7o.a.,I"=
p.gxa program AND an augmented program in which the Section.X ox.P.L=SJ
proposes that additional or more stringent examinations beyond the augmented
program are performedZ afactor ofthree improvement in the failure probability is

credited-"

01o29/9&0a= 2VU

o:\4393\VersionA\4393-F2.doclb-021899



I *. IprtE 1andY TDV TD FINAL

Additional Notes Relating to Other WCAP Changes

* It is also suggested that the WCAP be updated to reference the draft for trial use NRC
regulatory guide and SRP for RI-ISI and RG-1.174 for the overall principles.

1) Affects Section 1.1 (suggest removal of CLB definition in order to be consistent
with latest RGs.

2) Affects Section 1.4 (minor changes due to changes in RGs wording)
3) Affects section 2.4 (minor changes anticipated)
4) Affects section 3 and 3.2 (allowance of partial scope)

"A full scope program is recommended because a greater portion
of the plant risk from piping pressure boundary failures is
addressed in the risk-informed ISI program versus current ASME
Section Xl requirements since the examinations are now placed in
several high-safety-significant piping segments that are not
currently examined by the current Section Xl approach. However,
a partial scope evaluation may be performed given that the
evaluation includes a11 piping 'ithiin' a Rcsm or c-tegor9,,a subset
of piping classes. for example, ASME Class 1 piping only,
including piping exempt from the current requirements."

5) Affects Section 6 (minimally)

* Reference for Jet impingement
Mendler, OJ., "Method of Analysis and Evaluation of Jet Impingement Loads
From Postulated Pipe Breaks," WCAP-8951, Revision 0.

* item from Sur~'-tox tele on Wonoeing locations Without PerdA. uaawl The following
changes are required to the WOG Topical Report as a result of an open item from the
Surry-1 RI-ISI application that was discussed in a telecon between NRC. Virginia
Power, Westinghouse and their contractors on Wednesday, September 16. 1998
related to selecting locations for examinations without exercising the Perdue model:

(1) Section 3.7.2 will be modified to specifically call out the limitations of the
statistical model and where additional guidance can be found in the Topical
Report in how to determine inspection locations in the absence of such a
model.

A new subsection will be added at the end of Section 3.7.2 currently ending at
the bottom of page 172 and will be titled "Limitations of the Statistical
ModeL " The material previously contained in the last paragraph at the bottom
of page 170, the three bullets at the top of page 171, and the sentence that
follows the bullets will be moved into this new section with the following
changes -

o9129/9s9o.1 26J.
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The first sentence of the first paragraph will now read - 'Some limitations
have been identified in the statistical model that is used in determining the

minimum number of locations to be examined These limitations have
emerged..."

The following sentence will be added after the sentence which follows the
three bullets - "...and industry best practices. Some general guidance for the

above situation is provided at the end of Section 3.7.3, and specific examples

from the Surry-) application are provided in Section 3.7.5 for further

clarification."

(2) In Section 3.7.3, the following infonnation is inserted following the sentence

in the middle of page 178 that begins - Table 3.7.4 provides ...susceptible
areas of piping. For piping segments that have the potential for any of these
conditions to occur, the selection of an appropriate number of actual
inspection locations will have to be determined using additional rationale
beyond the guidance provided above.

* For piping segments subjected to aggressive degradation mechanisms.
such as flow-assisted corrosion that are already addressed in an
augmented inspection program, it is recommended that a determination of
any potential secondary degradation mechanisms (e.g.. thermal fatigue)
be made. If it is determined that a secondary mechanism may be of
concern then the examination of at least one location in the segment may
be warranted and included in the RI-ISI program. This additional
examination(s) beyond the current augmented program should also be
considered if the delta risk of RI-ISI versus ASME Section .I IS! is
enhanced

e For piping that is highly reliable, but the materials or prior corrective

actions negate the applicability of a statistical evaluation a minimum of
one examination location per segment should be performed

• A segment that is entirely comprised of socket welds and subject to
vibration may be appropriately examined using a VT-2 exam that inspects
the entire segment for leakage at pressure. Therefore, a minimum number

ofspecific examination locations is not required

Other situations may exist that warrant considerations beyond the aiove
guidance. However, the engineering subpanel who is selecting the actual

inspection locations is always responsible for defending and documenting
their rationale for this effort "

(3) In Section 3.7.5. the following information is to be inserted at the end of the
second bullet on page 183 and should read -'Additional rationale must be

o9t29/9soam" 27J.
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developed when a statistical model cannot be applied to determine the
minimum number of examination locations for a given segment. "

Insert the following sentence after the fourth bullet as the start of a new
paragraph - "Several examples are provided below where additional rationale
had to be applied when a statistical model could not be exercised and when
the NDE methods required depanrure from the guidance in Table 4.1-1."

Delete the words "For example. " from the middle of the page.

The following material is inserted prior to the last paragraph on page 183 -

Segments CH-008. 009, and 0010 - These three segments, part of the charging
system, are small bore, socket welded piping segments which supply seal
injection water to the reactor coolant pump seals. The predicted failure
mechanism is high cycle fatigue due to pump vibration. The examination
technique required by Table 4.1-1 (RI. 12) is a VT-2 exam at each refueling
outage. Since the YT-2 exam involves inspection ofthe whole segment for
leakage at pressure, tabulation of the exact number of welds per segment and
application of the Perdue Model was not deemed necessary. This would be
the case for any segment where VT-2 is the appropriate inspection technique.

I *. I

Additional NDE is also directed to this segment by rhe engineering subpanel
that is over and above the guidance in Table 4.1-1.

Segments SW-044. 045. 046. 047. and 054- These service water segments are
fabricated of copper/nickel material which is not a material which can be
modeled by the SRRA code and statistical model used for Surry Unit 1. They
conduct service water to and from the charging pump intermediate seal
coolers. The segments were originally rated of low saferv significance but
were moved up to high by the Expert Panel because of its sensitivity to the
possibilitv of indirec effects. Because the piping isconsidered highly
reliable. the postulated failure mechanism is thermal fatigue by default
(actually thermal cycles are practically nonexistent), and the SRRA code
could not be used to calculate a failure probability, which is a necessary input
to the Perdue Model, the Perdue Model was not used to select examination
locations. The subpanel believed that an examination location per segment
would be representative of the balance of these highly reliable. low safety
significant segments.

Change the words in the beginning of the last paragraph on page 183 to be
changed from "In another example, " to "Finally."

* PartialExams

09129/98O0= 2U8
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The following will be added to the WCAP on page 186 (into section 4.0) before section
4.1

"Examinations Requirements

An attempt should be made to provide a minimum of > 90% coverage criteria (per Code
Case N-460) when performing an exam. Volurnetrically this is done using ultrasonic
(UT) techniques vith the >900ho requirement being met in all Code required directions
(averaged). The examination is considered complete if the >90r/o coverage is obtained
using the specified technique in the plan or combinations of techniques if limitations are
encountered. 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.

When an examination location is selected that does not meet >90% examination
coverage, a strategy should to be applied with regard to examination coverage as
follows:

I. If>90%h coverage is not obtained, the coverage obtained should be
documented as well as the reason for the coverage limitation If the coverage
is limited by an obstruction. which is removable, then an evaluation should be
performed to either allow removal of the obstruction or justify why the
obstruction cannot be removed.

2. If the obstruction is required to remain, then consideration should be given to
the structural elements on either side of the selected structural element, which
is limited. If either of these structural elements can be examined to the
coverage requirements. then an examination should be performed there in
addition to the limited coverage exam already performed. This may be the
only examination performed in situations where the selected element was
selected for statistical sampling alone. Selecting another location would meet
the statistical requirements for the segment, and the original site does not need
to be examined. Additionally, the substitution (statistical) would not
necessarily be limited to the elements on either side of the element originally
selected.

3. If the area or volue of concern still remains insufficiently addressed,
consideration should be given to leakage monitoring options such as more
frequent pressure testing and VT-2 examinations or operator walkdowns.

4. The coverage obtained, limitations encountered, alternative provisions, and an
assessment of how the risk is being addressed should be documented. The
information should be formally submitted as a relief request.

It should be noted though that if a current Section Xl examination is a partial
examination and it continues to be a partial examination in the RI-ISI process, the
amount of risk addressed by examination remains the same for that location. If a
new location is going to be examined by R14SI and it is a partial exariination. but

0919/9SO99 .- S 294.
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it was not previously required to be examined by Section Xl. then the new
examination would still increase the amount of risk addressed by examination for
that location. It is not necessarily true that because you reduce examination totals,
that a complete examination must be performed at the RI-ISI selected locations to
maintain risk neutrality or improvement in the program. The impact of locations
being removed overall risk contribution should be assessed (i.e.. usually the
segment risk contribution is negligible) in an analysis. Additionally the sampling
requirements necessary to maintain assurance of structural integrity should be
accounted for in the analysis. These type evaluations should be included in how
the risk is being addressed in a partial examination situation."

o9/29/9s9oQ.a 30.. I
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November3, 1998 Project Number 694

Mr. Peter C. Wen
Project Manager,
Generic Issues and Environmnental Projects Branch
Nuclear Regulatory Commission
Washington, DC 20555-0001

Subject: Westingbouse Owners Group
Transmittal ofFurther Proposed Revisions to WOG RI-ISI Program Reports:
WCAP-14572 Revision I INon-Proprietaryl IWOG Application of Risk-Informed
Methods to Piping Inservice Inspection Topical Report and WCAP-14572, Revision
1. Supplement I [lNon-Proprietaryl "Westingbouse Structurad Reliability and Risk
Assessment (SRRA) Model for Piping Risk-Informed Inservice lnspection"
(MUBP-591)

Reference: I) NEI Letter from Mr. Anthony R. Pietrangelo Nuclear Energy Institute, to Dr. Brian
Sheron of NRC Subject Transmittal of Reports WCAP-14572, Rev. I NP & WCAP-
14572, Rev. I Supplement I NP, dated October 10, 1997

2) Westinghouse Owners Group Letter from Louis F. Liberatori, Jr, to Peter C. Wen,
U.S. Nuclear Regulatory Commission, "Transmittal of Responses to NRC Open Items on
WOG RI-ISI Program and Reports: WCAP-145727 Revision I [Non-Proprietary] WOC
Application of Risk-Informed Methods to Piping lnservice Inspection Topical Report and
WCAP-14572, Revision 1, Supplement I [[Non-Proprietary) Westinghouse Struewal
Reliability and isik Assessment (SRAX) Modelfor Piping Risk-Informed Inservice
Inspection (MUHP-5091r dated September 30, 1998

Dear Mr. Wen;

Members of the U.S. Nuclear Regulatory Commission (NRC) Staff and the Westinghouse Owners Group
(WOG) met with the Advisory Committee on Reactor Safeguards (ACRS) Subcommittee on Reliability
and Probabilistic Risk Assessment on October29, 1998 regarding the NRC Safety Evaluation Report
(SER) on the WOG Topical Report (WCAP-14572. Revision I) on risk-informed inservice inspection
(ISI) of piping. As a result of comments provided during this meeting by the ACRS on the subject report,
the WOG plans to further revise WCAP-14572, Revision 1, including its Supplement 1, as outlined in the
enclosure to this letter.

The latest version of the WOG Topical Report for risk-informed lSI of piping was provided to the NRC
in Reference 1. The WOG recently outlined some proposed revisions to the Topical Report as part of our
response to open items identified from NRC Staff review of the document per Reference 2. The enclosed
information augments these prior revisions as a result of the recent ACRS subcomnmittee review and
discussion. It should be noted that the enclosed proposed revisions to the subject WOO Topical Report
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may be further amended based on the results of upcoming discussions between the Full ACRS and NRC
Staff scheduled for this Thursday, November5, 1998.

This information is being provided at this time to facilitate the discussions with the Full ACRS and to
assist the NRC Staff in maintaining the schedule for review and approval of this important industry
report. We still look forward to receiving the NRC safety evaluation report (SER) by December 1998.

Our responses provided in Reference 2 and the enclosed proposed revisions should also be considered as
a commitment by the WOG to include the information cited in these transmittals into the WOG Topical
Reports. In addition, the NRC's SER when received will be included into an NRC-approved (A version)
of the Topical Reports verbatim inside the front cover.

Please direct any questions or comments on this letter or the attachment to Mr. Ken Balkey,
Westinghouse, at (412) 374-4633 or Ms. Nancy Closky, Westinghouse, at (412) 374-5916.

Very truly yours,

CetsgC" 3W44Q
Lawrence A. Walsh, Vice Chairman
Westinghouse Owners Group

cc: Dr. Brian Sheron, NRC
Mr. Gary Holahan, NRC
Dr. Goutam Bagchi, NRC
Dr. Syed Al; NRC
Mr. Ashok Thadani, NRC
Mr. Gus Lainas, NRC
Mr. Michael Markley, ACRS Staff
Mr. Ralph Beedle, NEI
Mr. Anthony Pietrangelo, NEI
Mr. Biff Bradley, NEI
Mr. Alex Marion, NEI
Mr. Ernie Throckmorton, VP
WOG Steering Committee
WOG Materials Subcommittee
WOG Risk-Based Technology Working Group
M.M. DeWitt - ECE 5-36
NJ. Liparulo - ECE 4-15
A.P. Drake - ECE 5-16
SD. Rupprecht - ECE 4-15
HA. Sepp - ECE 4-07A
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Attachment to OG98-xxx
Response to ACRS Questions

Related to WOG Application of Risk-Informed Methods to Piping Inservice Inspection
(WCAP-14572, Revision I)

Three issues were raised at the ACRS PRA Subcommittee meeting on October29, 1998. These included:
* Risk Calculation Equation
* SRRA Failure Probability Uncertainties
• Executive Summary Discussion

The proposed changes to the WOG WCAP-14572, Revision I and Supplement I are identified below.
The proposed additions to the WCAP Topical Report are shown below in italics (for changes committed
in the WOG September 30, 1998 letter) and in italics and Arial bold (for current proposed additions).

Risk Calculation Equation Issue

An issue was raised during the ACRS October 29,1998 meeting regarding the mitigating system equation
discussion including equation (3-8) on page 99 of WCAP-14572, Revision 1.

To further clarify the mitigating system equation on page 97, the following changes are suggested:

"For piping failures that cause only mitigating system(s) degradation or loss, the core damage frequency
for the piping segment is determined by the following equation:

CDFPB - FPPB * JCDFf (3.4)

where:

CDFpB - Core Damage Frequency from a piping failure (in events/year)
dCDFpg = Change in CDF between segment failed and segment not failed (in
eventsye0ar)
FPpB = Pipe break failure probability (dimensionless)

To obtain the change in CDF, a surrogate component (basic event or set of basic events, such as a pump
or valve) that is already modeled in the plant PSA is identified in which the consequences or impact on
the CDF matches the postulated consequences for the piping failure. The surrogate component is
assumed to fail with a failure probability of 1.0 to obtain a new total plant core damage frequency. In
orderto determine the change in core damage frequency for the piping segment only, the base total
plant PSA CDF is subtracted from the new total plant CI)F as shown by-.

dCDFp8 = CDFp-= .O - CDFBASE (3'5)

where:

CDFPB=1.0 = new total plant CDF with surrogate component = 1.0 (in events/year)
CDFBASE base total plant CDF (in events per year)

Additional changes will be made throughout the text of the report to revise the nomenclature to be
consistent with those given above.

OG9Stl0.doc I
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To support equation (3-8) shown in the WCAP, the relevant material from page 8-9 of NUREG/CR-4550,
Volume 1, Revision 1, "Analysis of Core Damage Frequency: Internal Events Methodology", January
1990, was reviewed. The key wording from page 8-9 is repeated below.

"The selection of the appropriate equation is dependent on the nature of the data and the circumstances
being modeled. Equations 8.1 and 82 can be used to model the same component failure mode; failure of
standby component to switch to operational mode upon demand. The choice of equation 8.1 [demand
related probability] or 8.2 [time related probability] depends on the analyst's belief as to whether the data
better supports the development of demand related parameters or time related parameters...It should be
noted that equation 82 should be used only if the faulted condition of a component which would result in
failure on demand can be detected only when the component is demanded or tested."

As stated in the WCAP on page 99, the SRRA models both the time dependent and demand based failures
within the same model. Therefore, there is not just one formula that would be accurate for all cases.
Based on the discussion provided in the WCAP, the failure probability is assumed to be a time dependent
element in equation 3-8.

'Standby Component Unavailabilities

Because of the way the SRRA models both the time dependent and demand based failures within the
same SRRA model, there is not just one formula that would be accurate for all cases. From a
mechanistic viewpoint, the probability of failure on demand depends on several factors:

* how the potential degradation mechanism progresses (whether time sensitive or load cycle
sensitive)

* number of stress cycles seen in normal operation
* number of stress cycles seen in surveillance testing
* whether the mitigation demand presents a significant loading chlulenge to the piping
* whether there is a significant expectation of unidentified water hammer type loading and the

probability of this event occurring during mitigation

The cumulative failure probability at end of life captures all of the contributing factors to the failure
probability regardless of whether it is concentrated early or later in plant life. Therefore, the cumulative
failure probability is used as a time dependent element in the standard PRA equation described below.

009110.doc 2
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To estimate a structural pressure boundary failure probability for a standby component, the following
equation is used:

FPPB - % (FRPB) Tt + (FRPB) Tm (3-8)

where

FRpB is the failure rate (in events per unit time)

Tt is the interval between tests that would identify a piping failure

Tm is the total defined mission time (24 hours for most PRAs)

This equation does not include any contribution for exposure time (allowable outage times (AOTs)) for
several reasons:

I) operations will likely isolate the break, and the consequences may be different for this
situation than for the situation in which the isolation does not occur (the consequences would
be less severe in this state),

2) the plant will likely be shut down given a disabling leak,
3) the AOT time (generally 72 hours) will be small compared to the test interval for a majority

of the segments,
4) given operator walkarounds occuring at least once per shift (every 8 hours), the exposure

time would most likely be minimal, and
5) the contribution to CDF from the occurrence of an initiating event during an AOT is small

compared to other contributors.

Howeverforsystems in which the AOTis on the order of magnitude of the test interval (Tt) such
that the AOT is approximately ('/: ,))2, or /. Tp, the contribution of unavailability expressed as
(FRpB) AOTshoud Dbe added to the right side ofequation 3-4.

The piping failure maybe detected by different types of tests and this should be taken
into consideration when Identifying the Interval between tests. For example, some piping
failures will be detected by monthly or quarterly pump surveillance tests; others will be
detected only by full flow system tests occurring during refueling and still others will be
detected only by a system pressure test which occurs every 10 years. As noted above for
continuously operating systems, If the pipe Is continuously understatic pressure or is
attached to storage tanks such that the failure is immediately recognized, then the
continuously operating equation should be used.

For example, fora Surly auxiliary feedwatersystem piping segment (from motor driven
pump P-3A to CV157), the failure probability from the SRRA code is determined to be
1.04E-02 and the corresponding test interval was Identified to be quarterly (piping is
assumed to be tested when the pump is tested). Using the above formula (38), the
failure probability is:

FP,,= Y: (FRJ T. + (FRpB T.
= fI (1.04E.02140 years) * (0.25 years)]
+ I(1.04E-0240 years) - (1 year/365 days) * 1 day)
= 3.32E-05

0095K 1.doA 3
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As anotherexample, for a Surryauxiliaxy feedwater piping segment (from MOVs 160A and 160B
to check valves 309 and 310, from the opposite unit auxiliary feedwater system), the failure
probability from the SRRA code is determined to be 3.58E&04 and the corresponding test interval was
identified to be 10 years (segment is isolated and only tested every 10 years). Using the
above formula (3-8), the failure probability is:

FPPB - /2 (FRPB) Tt + (FRPB) Tm
- [% (3.58E-04I40 years) * (10 years)]
+ [(3.58E-0440 years) * (1 year/365 days) * I day]
= 4.48E-0S

The change in CDF is calculated by subtracting the base PSA CDF from the actual PSA run (3.1 SE-04)
and the result is 3.ISE-04/year- 7.23E-05/year =2.43E-04/year. For the AFW piping segment described
above (from opposite unit AFWsystem), the core damage frequency from the piping failure is
calculated by:

CDFpB = FPPB * ACDFPB
= 4.48E-05 * 2.43E-04/year
= 1.09E-QS/year"

SRRA Failure Probability Uncertainties

The following illustrates the changes to the uncertainty section on page 127 of WCAP-14572, Revision 1:

"Uncertainty Analysis

It is recognized that some amount of uncertainty may exist in the projections of PSA and SRRA failure
probabilities. In order to address this uncertainty a distribution was developed around each of these
"point estimates" such that the median of the log-normal distribution is equal to the point estimate. The
"spread" of the distribution about the median is determined by the standard deviation.

The standard deviation of the related normal distribution is calculated as follows:

ln(Z.")-log(Z_,)

NORMSINV(.95)

where:

7.95 = factor above the mean which represents the 95%-otile of the log-normal distribution.
Factors of 5, 10 and 20 were used for this analysis. The factor used was determined by the value
of the point estimate. If the point estimate was less than I E-04, a factor of 20 was used. If the
point estimate was greater than or equal to I E-02, a factor of 5 was used. Otherwise, a factor of
10 was used. This is consistent with the decreasing uncertainty in SRRA calculated
probability with increasing median value that is discussed in Section 4.4 of
Supplement I and also consistent with previous PRA uncertainty evaluations.

X.5O =median of the log-normal distribution. A median value of I was used.

NORMSINV = the inverse of the standard normal cumulative distribution (mean 0.0, standard
deviation 1.0) given a probability."

0098!tO.doe 4
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The following change is suggested for Section 5.5 Risk Evaluation (Last bullet on page 234):

"Evaluate important PSA and failure probability factors through sensitivity and uncertainty
studies, as appropriate"

The last paragraph on page 42 of WCAP-14572, Revision 1, Supplement 1, will be revised with the
following:

-A sensitivity study using pc-PRAISE (Harris, Dedhia and Lu 1992) on the effect of uncertainties was
recently completed by ASME Research Task Force member Fred Simonen and Moe Kalaeel of Batelle
Pacific Nonhwest Laboratory. Figure 4-5, taken from this study QChaleel and Simonen 1998). shows that
the 99d/. uncertaintyboundson a typical pc-PRAISE (Harris, Dedhia and Lu 1992) calculation of leak
probability decreases as the value of leak probability increases. These uncertainty bounds
should be higher than the corresponding uncertainty bounds on a typical leak probability calculated with the
revised SRRA software. This is because many of the uncertainties not direcy evaluated bypc-PRAISE,
such as that on cyclic stress range, are already included in the standard SRRA software input (see Table 3-
8)."

Figure 4-5 on page 52 of WCAP-14572, Revision 1, Supplement 1, will be replaced with that on the
following page.

The following reference will be added in Section 6, References, page 55:

Khaleel, MA. andSimonen, FA., OUncertaintyAnalysis of Probabilistic Fracture Mechanics
Calculations of Piping Failure Probabilities,"pp. 2040-2045, Probabilistc Safety
Assessment and Management. Volume 3, September 1998.
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Executive Summary Discussion

The following changes to the executive summary are suggested beginning at the top of page iii of the
report.

"The focus of this report is on the identification of the inspection locations using a RI-ISI process.
The goal of this application is to provide a process for selecting Inspection locations
based on a combination of safety significance and failure potential In support of an
inspection for cause philosophy. A 2x2 matrix of piping failure importance versus
safety significance is used to properly categorize the various piping segments (see
Figure 3.7-1) to assist in the selection of piping structural elements for examination.

The WOG risk-informed ISI process (as shown in Figure 3.1-2) that is applied to identify the
locations for examination includes the following steps:

* Scope Definition
* Segment Definition
* Consequence Evaluation
* Failure Probability Estimation
* IS] Segment Selection
* Strucrural Element Selection
* Inspection Requirements

Section 3 of the report describes the details of this methodology, and Section 5
outlines the steps of how to apply the risk-informed IS) process to a specific plant for
piping. The WOG risk-informedlSlprocess meets the keysteps andprinciples of the
NRC framework that has just been established for risk-informed, plant-specific
decision-making. The risk-informed inspection program requirements can be
implemented and monitored within the framework of the ASME Boiler and Pressure
Vessel Code SectionXl.

An earlier version of the above process....

9SOGII0lb4c 7
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NUCLEAR UNITED STATES
NUCLEAR REGULATORY COMMISSION

g ADVSORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON. D.C. 20M5

November20, 1998

Dr. William D. Travers
Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washington. D.C. 20555-M000

Dear Dr. Travers:

SUBJECT: SAFETY EVALUATION REPORT RELATED TO WESTINGHOUSE OWNERS
GROUP APPLICATION OF RISK-INFORMED METHODS TO INSERVICE
INSPECTION OF PIPING, TOPICAL REPORT (WCAP-14572. REVISION 1)

During the 457th meeting of the Advisory Committee on Reactor Safeguards, November 4-7,1998,
we met with representatives of the NRC staff and the Westinghouse Owners Group (WOG) to discuss
the staff's draft Safety Evaluation Report (SER) on the topical report (WCAP-14572. Revision 1)
regarding the WOG application of risk-informed methods to inservice inspection (ISI) of piping and
associated Structural Reliability and Risk Assessment (SRRA) model (Supplement 1). Our
Subcommittees on Reliability and Probabilistic Risk Assessment and on Regulatory Policies and
Practices met on October29, 1998. to discuss these documents and related matters. We also had
the benefit of the documents referenced.

The reactor coolant system boundary (RCSB) is one of the primary barriers to fission product release
and has been designed to be highly reliable. Piping constitutes a significant portion of the RCSB.
Because of its robust design and the protection afforded by other mitigation systems, piping failures
generally make relatively small contributions to measures of risk such as core damage frequency
(CDF). Assurance of the integrity of primary barriers such as the RCSB is, however, a cornerstone
of defense-n-depth. Inservice Inspection is used to ensure that failure modes such as flow-
accelerated corrosion or unanticipated thermal fatigue that were not anticipated in the original design
do not unduly compromise the integrity of this barrier.

Conclusions and Recommendations

1. We concur with the conclusion reached by the staff in the SER that the methodology
described in WCAP-1 4572, Revision 1, can be used to develop risk-informed ISI programs
that will provide an acceptable (and, we believe, superior) alternative to the requirements of
paragraph (g) of 10 CFR 50.55(a) and that conform to guidance in Regulatory Guides 1.174
(General Guidance) and 1.178 (ISI).
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2. The draft SER identifies changes that the staff believes need to be made in WCAP-14572.
We recommend that the changes requested by the staff be incorporated into WCAP-14572.
We note that WOG has already proposed revisions (Ref. 3) that are intended to address
most of the issues in the draft SER. We believe that one of the changes proposed by WOG
(Item 19, Ref. 5) should be modified, as discussed later in this letter. We also recommend
that the modification regarding model uncertainty (Page 127 of WCAP-14572, Revision 1),
proposed in Ref. 5, bte omitted.

3. Although the codes used to derive probabilities of failure are useful tools, the values
obtained are very sensitive to the decisions of the analyst who must identify and select the
appropriate input parameters to the code and the likely failure mechanisms. We
recommend that the information provided to the expert panel include a discussion of the
significance of model uncertainties in code predictions and their potential impact on the
classeification of pipe segments.

4. Because risk-informed ISI can reduce the risk from piping failures, occupational radiation
exposure to personnel, and associated inspection costs, we commend the staff and industry
for their efforts In resolving differences in a timely manner.

Overall Methodobuv

WCAP-1 4572 documents a methodology that can be used to develop alternatives to the current
ASME Code Section Xl inspection program for piping. In the Code procedure, the piping is
grouped into three broad Classs ranked in order of presumed risk significance. The probability
of failure for the piping element is ranked in terms of the design stress levels and the cumulative
usage factor. The inspection is focused completely on welds and the fraction of welds, to be-
inspected, and depends only on the Class to which the piping belongs. The WCAP-1 4572
methodology can be used to examine additional failure mechanisms and locations and can
provide more informed estimates of risk significance, the relative probability of failure of piping
segments, and the number of welds that must be inspected to achieve an acceptable level of
reliability.

In the WCAP analysis, piping segments are classified in terms of high- and low-failure potential
('importance in the WCAP terminology), and high-.and low-safety significance. In accordance
with the guidance provided in Regulatory Guide 1.174 and Regulatory Guide 1.178. the
quantitative results derived from the plant probabilistic risk assessment (PRA) and other analytical
tools, together with input from other engineering analyses, operational experience, and an expert
panel, are used in an integrated decisionmaking process to develop the inspection program. The
unique features of the WCAP-14572 methodology are its approach to using an existing PRA to
quantify risk significance of piping segments, the SRRA model, a probabilistic fracture mechanics
tool for computing probabilities of failure, and the statistical model used to determine number of
locations that must be inspected in order to meet the proposed performance measure, Le., a low
probability of leakage.
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Use of Existino PRAs to Determine Safety Sionificance

Existing PAs do not directly incorporate pipe segment failure events. In WCAP-14572, the
WOG does not propose modification of the PRA to Incorporate these events directly, but instead
proposes that the impact on CDF and large, early release frequency (LERF) for a segment ran be
determined by the use of surrogate events. Le., initiating events, basic events, or groups of events
that are already modeled in the PRA and that have effects representative of those associated with
the failure of the piping segment Such an approach to the use of a PRA to gain insights on the
potential significance of elements not directly induded in the PRA could have broader applications
beyond ISI.

The Risk Reduction Worth (RRW) of a piping segment, which measures the reduction in CDF
when the segment is assumed never to fail, is used as a quantitative measure of safety
significance. Because piping failure probabilities are low, if the total CDF for anl plant internal
events is used to compute RRW, none of the pressure boundary piping components would be
safety-significant. Le., all RRWs would be equal to 1. To prioritize piping segments, the RRW is
instead computed using just the portion of the total CDF that is associated with piping boundary
failures. We agree that this approach provides a more meaningful measure of the risk
significance of a piping segment

Any application using risk-insights derived from the PRA presumes a sufficient standard for PRA
quality. Additional considerations ae required when using measures such as RRW. For
example, it is often assumed that If something cannot be modeled accurately, it is satisfactory to
at least model It conservatively. Although this may be true for measures of overall risk such as
CDF and LERFI undue conservatisrs In some parts of the analysis can give completely
misleading results in the case of measures such as RRW. Both the staff and WOG are aware of
such potential difficulties, and until more accurate assessments of the quality of PRAs ae
available, the expert panel is expected to recognize misjudgments of significance.

Determination of Peino Failure Probabilties

The SRRA probabilistic fracture mechanics model used to estimate piping fracture probabilities
has been benchmarked against the PRAISE code, developed by NRC. The SRRA model is
Intended to be simpler, more user friendly, and more computationally efficient than PRAISE. In a
series of benchmark calculations, results of SRRA have compared well with those of PRAISE.
The SRRA model also Includes flow-accelerated corrosion, which is not included in PRAISE.

Neither SRRA nor PRAISE is meant to provide detailed mechanistic predictions of degradation
phenomena, but used together with Insights based on plant operating experience, they provide

* relative estimates of the susceptibility of the piping segment to failure. The relative ranking will be
largely determined by the judgment of the analyst through selection of input parameters to the
code. This selection reflects the analyst's knowledge of the phenomenon and operating
experience. The SRRA code provides a quantification of this subjective understanding and
converts the knowledge that an expert has (the relative aggressiveness of the stressors on a
piping segment) into a quantity, the probability of failure, that otherwise would be difficult to
determine.
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Effect of Uncertainties

Uncertainties Include those due to parameter uncertainties and those related to model uncertainty,
Le., the inability to correctly describe all degradation behavior and determine all parameters that
affect degradation. The parameter uncertainties, such as the inherent randomness in material
properties and flaw distributions, are relatively easy to model, but they are also the least
significant source of uncertainty.

Although both the staffs SER and the Westinghse reports focus on parameter uncertainties,
the dominant role of model uncertainties is noted. Section 4A of Supplement I of WCAP-14572
states that model uncertainty 'bounds all the other uncertainties, [andi is also the most difficult to
predct

The probability of piping failure for systems such as PWR primary coolant piping, where the only
damage mechanism is mechanical fatigue due to loads anticipated in the design basis, is very low
(leak probabilities are typically c104 and break probabilities are about <1c C over the life of the
plant). For systems with active degradation mechanisms, the probabiities of failure are much
higher (3 to 4 orders of magnitude). Hence, despite the uncertainties associated with these
calculated failure probabilities, the classification of the piping segments into those with high-failure
potential and low-failure potential should be relatively robust because the analyst and the expert
panel need only be able to distinguish those segments In which an active degradation mechanism
is present and those in which it is not.

The impact of the uncertainties In the failure probabilities on the safety significance classification
is more difficult to characterize. The WCAP attempts to address model uncertainty by examining
the impact of variations in the pipe failure probabilities on the safety significance classification of
the segments. In the SER, the staff has requested that such analyses be performed on a plant.
specific basis to demonstrate that no segments of low-safety significance move Into the high-
safety significance category when reasonable variations in the pipe failure probabilities are
considered. The results of these analyses would be provided to the expert panel. The staff
concludes that such analyses would adequately address model uncertainty for the purpose of
classifying the segments as either high or low safety significance. We believe that such an
approach is adequate for this application. The WCAP (Item 19, Ref. 5) should be modified,
however, to make clear that the robustness of the classification should be investigated over
reasonable ranges of the input parameters describing the degradation modes (flow-accelerated
corrosion, stress corrosion cracking, vibration fatigue, etc). since these modes wiN be more
scrutable for review by the expert panel than are the failure probabilities.

In its response (Ref. 4) to questions raised at the October 29,1998 ACRS Subcommittee
meeting, WOG proposes to address these uncertainties by assuming lognormal distributions with
median values equal to the code estimates and the standard deviations estimated using
judgment. We believe that there is no technical basis for the assumption that the code results
may be used as median values. In fact model uncertainty means that one does not know how
good the code results are. Thus, It does not appear that this approach is helpful.

We believe that the issue of model uncertainty is very important and that its importance should be
highlighted in both the WCAP report and the staffs SER and that it should be made clear to the
expert panel so that the integrated decisionmaking process wig be fully informed. What really
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matters is that the final classification of the pipe segments be robust and that the focus of the
paners deliberations be the possible impact of model uncertainties on this classiication.

Determination of the Number of Locations to be Inspected

All piping segments, including those classified as having low-failure potential and low-safety
significance, wilg continue to be subject to the system pressure tests and visual inspections
currently required by ASME Section Xl. The WCAP commits its users to the volumetric inspection
of 100 percent of the locations in piping segments of high-safety significance that are susceptible
to degradation mechanisms, such as thermal fatigue. Segments with failure modes that have
established augmented inspection programs, e.g., flow-accelerated corrosion or stress corrosion
cracking, would be inspected in accordance with that program. Other locations in the segments of
high-safety significance are selected for examination by a statistical evaluation method that uses
the probability of a flaw, the conditional probability of a leak, the frequency of leaks considered
acceptable (target leak rate), and a desired degree of confidence to determine a minimum
number of welds to inspecL The proposed target leak frequencies vary with pipe size and range
from 1 x 105 to 1 x I04lyeartweld. These values are slightly more conservative than operating
system experience would suggest has been achieved when ASME Section Xl criteria have been
used. The pipe break frequency, which drives the safety significance classification, is typically at
least three orders of magnitude lower than the frequency of small leaks. The proposed statistical
evaluation method has been peer reviewed and determined to be a satisfactory approach for
determining the number of welds that need to be Inspected to meet the target leak frequencies at
a 95 percent confidence level.

Concludcin Remarks

We concur with the staffs conclusion In the SER that, although the calculation of the change in
risk (CDOFLERF) using the WCAP methodology is not precise, It wivl illustrate whether the result is
an increase or decrease in risk. It will provide reasonable assurance that the changes to the ISI
program will rot result in a total risk increase that would exceed the guidelines in Regulatory
Guide 1.174.

As we have noted in our recommendations, both the staff and industry have been working
diligently to complete the review of the topical report and the Surry pilot project. We believe that
Implementation of effective risk-informed inservice inspection for piping will be a significant step
towards a more efficient regulatory system.

Sincerelyh,

R. L Seale
Chairman
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MILLSTONE UNIT 3 RISK-BASED ISI SUPPLEMENTAL INFORMATION

Introduction

This supplemental information summarizes an implementation of the Westinghouse
Owners Group Risk-Based Inservice Inspection (ISI) application for nuclear plant piping
systems. Millstone Unit 3 (MP3) was the reference plant for the effort, which took place
in a one year period from February 1995 to March 1996. The following provides a brief
overview of the WOG process as applied to Millstone Unit 3, with enclosures providing
additional detail.

Summary of Results

The Risk-Based Inservice Inspection Project at Millstone Unit 3 has been completed
using the methodology described in WCAP-14572. Although Millstone will not request a
NRC exemption at this time, the more safety-significant structural elements identified by
the new program will be incorporated into the second 10-year ISI program as
augmented examinations. A total of 119 elements/ locations have been selected for
some type of examination under the Risk-Based ISI program as compared to 753 welds
now scheduled under the current ASME Section Xl program. Enclosure I provides the
essence of the Risk-Based ISI program plan. Each of the identified elements will be
scheduled for examination in accordance with the requirements of the ASME Code
Section Xl, Table IWB-2412-1 - Inspection Program B. Simplified P&lDs show all the
segments and potential break locations identified by the process, but only those that
were selected for examination need to be identified in an Owner's Risk-Based ISI
program.

Compliance with PSA Application Guide

The proposed risk-based process is generally consistent with the Electric Power
Research Institute (EPRI) PSA Applications Guide, TR-1 05396, dated August 1995.
Enclosure 2 provides a table in which the Guide's Appendix B checklist for technical
consistency in a probabilistic safety assessment (PSA) model was addressed for
Millstone Unit 3. The MP3 PSA model utilized in this risk-based application is an
updated version to the PSA submittal (Reference 1) to the NRC in response to Generic
Letter 88-20, Individual Plant Examination for Severe Accident Vulnerabilities (IPE). The
NRC Staff evaluation of that submittal was provided to Northeast Nuclear Energy
Company (NNECo) in May of 1992 (Reference 2).

Documentation

The documentation to support the WOGIMP3 application of risk-based methods to
piping inservice inspection includes:

* Northeast Utilities Service Company (NUSCo) Calculation File PRA96YQA-1 198-
S3, Rev. 0, MP3 Risk-based Inspection CDF Calculations3

* MP3 RBI Expert Panel Meeting Minutes from 11/1995 to 3/1996
* MP3 RBI Sub-panel Meeting Minutes from 1/1996 to 311996
* Simplified Piping Segment drawings

_I-
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* Expert Panel Worksheets for each system, and
* Failure Probability Data Collection Worksheets for each systems' piping

segments (these are also included in Westinghouse Calc CN-RAS-96-39).

Westinghouse calculation file:
* CN-RAS-96-39, uWOG Risk-Based ISI: Piping Structural Reliability Estimates for

Millstone 33
* CN-RAS-96-40, "WOG Risk-Based ISI: Millstone 3 Walkdown'
* CN-RAS-96-41, uWOG Risk-Based ISI: Expert Panel Segment Ranking

Worksheets for Millstone 3"
* CN-RAS-96-42, TWOG Risk-Based ISI: Piping CDF Calculation and Sensitivity

Studies for Millstone 3'

Scopl of Program

The structural elements considered for the Millstone 3 application included the
examination items presently included under Examination Categories B-F, B-J, C-F-1, C-
F-2 and D-A only as it relates to Class 3 piping systems that would be included under
this category in the 1992 and later editions of ASME Section Xl. The process also
included evaluation of additional areas and volumes of base material and examination
zones such as weld counterbore areas and fitting material with consideration to all
piping welds to nozzles, valves and fittings such as tees, elbows, branch connections
and safe ends. Welded attachments and piping supports were not included in the
program. However, possible snubber degradation was given consideration as a factor
which may increase piping fatigue effects.

Overview of the Risk-Based ISI Process

Piping systems were chosen for evaluation based on the criteria provided in Section 3.2
of the WCAP-14572 Topical Report. This required effort in part by personnel from the
PSA Section, Stress Analysis and the unit's ISI Group to determine the applicable
systems. The chosen systems were then reviewed by the Expert Panel for consistency
and completeness. Twenty-one systems were chosen to be evaluated in more detail as
shown in Section 3.2-1 of the Topical. To determine the direct and indirect
consequences, PSA insights as well as plant design and operations information were
used. To determine the indirect effects, the Millstone Unit 3 Hazards Evaluation and
the Internal Flooding Analysis performed for the IPE were reviewed. A walkdown was
also performed with both Millstone and Westinghouse personnel to address any areas
of question.

A total of 259 piping segments were identified through the consequence determination
process. Refer to Table 3.6-1 in the Topical for the breakdown of piping segments
among systems. The consequences with and without operator action were identified
and provided the necessary input to determine the conditional core damage
frequency/probability contribution for each piping segment as shown in Section 3.4 and
3.6 of the Topical. In parallel with the consequence determination effort, the Stress
Analysis area provided the required input to the structural reliability/risk assessment
(SRRA) model to determine the failure probabilities for each piping segment as
discussed in Section 3.5.

-2-
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The risk ranking process involved many sensitivity calculations of the existing PSA
model for Millstone Unit 3. These calculations could be broken down into three different
types: 1) initiating event consequence only, 2) mitigating system(s) consequence, and 3)
initiating event and mitigating system(s) consequence. Existing PSA information
provided within the plant IPE submittal was available to determine only the initiating
event consequence. As shown in Equation 3-1 of the Topical Report, the required
values are the specific initiating event frequency and the associated core damage
frequency contribution. The actual PSA model had to be manipulated for the other two
types of calculations discussed in Section 3.6. Surrogate basic event(s) representing
the same consequence as the piping segment failure were set equal to 1.0 (or failed)
within the model to perform the calculations. The total model was recalculated to
ensure no sequences were deleted as a result of the original model truncation. For the
initiating event and mitigating system(s) consequence calculations, both the specific
initiating event as well as the mitigating system basic events were set equal to 1.0 within
the database and recalculated. The Millstone Unit 3 PSA model will generally execute
the calculations within 20 minutes which made these sensitivity calculations achievable.
Table 3.6-1 of the Topical Report provides the core damage frequency contributions for
each of the systems addressed. Other considerations, such as external events
(seismic, fire, tornado etc.), shutdown and containment performance, were supplied as
qualitative information to the Expert Panel in the form of Expert Panel Worksheets (see
Table 3.6-3 of the Topical).

Expert Painel

The Expert Panel used for this application is the same panel which is used for the
Maintenance Rule and includes personnel from the following disciplines:

Plant Operations
Plant Maintenance
Plant Engineering
Probabilistic Safety Analysis
Safety Analysis
Maintenance Rule Coordinator
Plant Work Planning and Control

In addition to these traditional panel members, personnel with the following expertise in
this application were added:

Stress Analysis
Plant ISI
Welding and Test Engineering
Nondestructive Examination.

This additional set of experts also served as a sub-panel for the structural element
selections.

The initial meeting of the Expert Panel was a training session on the specific application,
PSA and the use of importance measures, and the role of the Expert Panel in the
process. To aid the Expert Panel in determining the more safety significant piping

-3-
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segments, piping segment worksheets as well as associated simplified piping drawings
were provided. The Expert Panel's responsibilities included the acceptance of the
system list for this application, review of piping segment boundaries and consequence,
providing additional information on the worksheets, and the final determination of safety
significance. The Expert Panel provided significant input in the area of consequences
which resulted in changes to the originally postulated consequences and in a few cases,
changes to the piping segment boundaries. Operations was critical in determining
whether operator recovery action was possible given a specific pipe rupture. Safety
Analysis also provided input on the time available to take certain operator actions if
necessary. A total of eight expert panel meetings, each taking about 1-2 hours, were
held to evaluate the safety significance of the piping segments.

Enclosure 3 provides an example of the MP3 RBI Expert Panel Meeting Minutes (w/o
Attachments). Table 3.6-6 of the Topical lists the number of piping segments determined
to be more safety-significant by the Expert Panel. A total number of 96 or 37% of the
piping segments were determined to be more safety-significant. The Expert Panel
included all the piping segments with a Risk Reduction Worth (RRW) of 1.005 as well as
several others based on other considerations such as shutdown risk.

Structural Element Selection

Once the more safety-significant segments were identified, a sub-panel consisting of the
members with special expertise in this area met to evaluate which structural elements
should be examined and the examination method to be employed. Four sub-panel
meetings were held to address the 96 more safety-significant segments. The sub-panel
reviewed each proposed inspection location within those segments and verified that
these were the potential failure locations within each respective segment. In some
cases, more than one element was selected. For each element, the sub-panel
determined the examination method to be used. The panel considered available
technology which would best detect any flaws. The final list of structural elements was
consolidated into a single list and input to a modified version of the existing Section Xl
database program.

Risk / Safety Evaluation

Figure 4.3-1 of the Topical shows a comparison of the core damage frequency being
addressed by examination of the 119 structural elements in the Risk-Based ISI program
versus the 753 weld locations that are examined per current ASME Section Xl
requirements. Examination of the current ASME Code weld locations addresses a total
CDF of 1.0E-08Iyr (44% of total) while examination of the Risk-Based ISI structural
elements addresses a total CDF of 2.25E-08/yr (98% of total) for pressure boundary
piping failures. Thus, safety is enhanced with far less locations being inspected.

The total piping core damage frequency is a small fraction of the total plant core
damage frequency of 5.87E-05/yr. Examination of the plant piping at the risk-based
locations, however, will verify that the risk of piping pressure boundary failure remains a
small contributor to total risk as the unit ages over its licensed life.

-4-
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Economic Evaluation

The economic evaluation addresses the current Section Xl piping examination costs
and the savings to be realized in the reduction of these examinations. The basis of this
comparison includes the direct costs incurred in performing current Section Xl required
examinations during MP3's fifth refueling outage. The direct costs are as follows

Refueling Outage 5 Examination Costs
Examination Costs $167,000
Insulation RemovallReinstallation $123,000
Required Scaffolding $ 96.000
Total $386,000

The Risk-Based ISI application resulted in a reduction of approximately 86% of the
piping examinations required in comparison with the current program. Therefore, on a
strictly direct cost basis, the ISI program savings associated with implementing the risk-
based program would be approximately $332,000 per outage. MP3 has three more 10
year inspection intervals remaining within the current operating license. Given that MP3
averages 5 outages per interval, this $332,000 savings is expected to be gained 15
times over the licensed life of the unit.

During Refueling Outage 5, it is estimated that 17 Person-Rem were expended in
performing the examination of current Section Xl required locations. It is estimated that
only 2 Person-Rem would be expended to examine the risk-based locations, resulting in
a 15 Person-Rem savings each outage.

In addition, other indirect cost savings are expected from iems such as reduction in
costs associated with evaluating flaw indications, which may not really exist (i.e., false
call), in less safety-significant piping systems.

Utility's Perspective

A significant amount of time was spent in developing this process; however, the actual
implementation effort would be greatly reduced for the other Northeast Utilities units.
Other nuclear plants could implement the process with similar efficiency. In addition,
the knowledge gained from this application is able to be applied to other risk-based
applications. Hence this is a worthwhile application for any utility. With moderate
resources and team effort, the program will be a success in terms of both safety and
economic benefits.

References:
1) E. J. Mroczka Letter to U.S. Nuclear Regulatory Commission, ' Millstone Nuclear
Power Station, Unit No. 3 Response to Generic Letter 88-20 Individual Plant
Examination for Severe Accident Vulnerabilities Summary Report Submittal", dated
August 31, 1990.

2) U.S. NRC Letter to J. F. Opeka, * Staff Evaluation of Millstone 3 Individual Plant
Examination (IPE) - Internal Events, GL 88-20 (TAC No. M74434)', dated May 8,1992.
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ENCLOSURE 1
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ISI PROGRAM PLAN
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Millstone Unit 3
Risk-Based 1ST Plan Element Selections

Reactor Cornonent Cooling Svstern

CCP-1
Failure Mode: Cracking - External Loads
Not in ISI Program. (CCP-010-492-RBBI-1-3)
10" Pipe to Flange Fillet Weld Class 3 C/S
DWG# S&W 12179-CI-CCP-264 SHA of 3

FP l.OE.08*
VT-2, MT

Piping shown in Zone 157

CCP-2
Failure Mode: Cracking - External Loads
Not in ISI Program. (CCP-010-28-RBI-1-3)
10" Pipe to Flange Fillet Weld Class 3 C/S
DWGN S&W 12179-CI-CCP-6 SH.3 of 4

FP L.OE-08*
VT-2, MT

Piping shown in Zone 167

CCP-4
Failure Mode: Cracking - Vibration Fatigue
Not in ISI Program. (CCP-018-1-RBI-1-3)
14" Expander to Flange Weld Class 3 C/S
Exa-m volume to extend I" on expander side of weld.
DWG# S&W 12179-CI-CCP-22 SH.3 of 3

FP 1.7E-08
VT-2, RT

Piping shown in Zone 165

CCP-5
Failure Mode: Cracking - Vibration Fatigue FP 1.7E-08
Not in ISI Program. (CCP-018-2-RBI-1-3) VT-2, RT
Not in IS1 Program. (CCP-018-3-RBI-1-3) VT-2, RT
14" Expander to Flange Weld Class 3 C/S Piping shown in Zone 159
14" Expander to Flange Weld Class 3 C/S Piping shown in Zone 163
Exam volume to extend 1 " on expander side of weld.
DWG# S&W 12179-CI-CCP-23 SH.3 of 3 / 12179-CI-CCP-24 SH.3 of 3

Chemical & Volume Control System

CHS-3
Failure Mode: Cracking - Vibration Fatigue
Not in ISI Program. (CHS-002-565-RBI-1-2)
Not in IS Program. (CHS-002-564-RBI-1-2)
Not in ISI Program. (CHS-002-566-RBI-1-2)
Three 2" Pipe to Reducer Welds Class 2 S/S

FP 1.OE-08*
VT-2, RT
VT-2, RT
VT-2, RT

Schedule exams following punp test.
DWG# S&W 12179-CP-374002 SH.3 of 3 / 12179-CP-374508 SH.3 of 3 / 1I2I79-CP-
374509 SH.3 of 3

*Failure Probability < l.OE-03

1
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CHS-5
Failure Mode: Cracking - Thermal Fatigue
ISI Zone: 128 (SIH-3-5-SW-D) 4' Tee to Pipe Weld
Exam volume to extend 1" on each side of weld.
DWG# 25212-20990 Class 2 S/S

CHS-7
Failure Mode: Cracking - External Loads
ISI Zone: 133 (CHS-35-2-SW-4) 3" Pipe to Tee Weld
Exam volume to extend 1" on each side of weld.
DWG# 25212-20354 Class 2 SIS

FP 1.OE-08*
VT-2, UT

FP 1.OE-08*
VT-2, UT

CHS-23
Failure Mode: Cracking - Thermal Fatigue
ISI Zone: 128 (SIH-3-FW-10) 3"P
Exam volume to extend 1" on each side of weld.
DWG# 25212-20990 Clas

FP l.0E-08*
VT-2, UTPipe to Penetration Weld

;s 2 SIS

EIergency Core Coolin= System

ECCS-0
Failure Mode: Cracking - OD Corrosion Extemal Loads FP l.0E-08*
ISI Zone: 119 (SIL-508-RBI-1) Class 2 S/S VT-2, ET
Base metal of 24" pipe at ground interface. Exam area 3" above and below interface.
DWG# 25212-20896

Auxiliar= Feedwater System

FWA-7
Failure Mode: Cracking - Vibration Fatigue
2" Reducer to Pipe Weld. Class 3 C/S
Not in ISI Program. (FWA-002-142-RBI-1-3)
Schedule exams following pump test or inservice operation.
DWG# S&W 12179-CI-FWA-9 SHT.1 of 6

FWA-12
Failure Mode: Cracking - External Loads
4" Tee to Pipe Weld.
ISI Zone: 110 (FWA-8-FW-36-1)
Exam volume and area to extend 1" on each side of weld.
DWG# 25212-20887 Class 2 CUS

FP 1.OE-08*

VT-2, RT

FP 1.0E-08*

VT-2, MT, RT

2
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FWA-13 Less-Safety-Sigificant Segment & Element Chosen For Plant Reliability
Failure Mode: Cracking - Thermal Fatigue FP l.OE-08*
16" Reducing Elbow to SG Nozzle Weld on Main Feedwater Line Loop D.
ISI Zone: 68 (FWS-25-FW-71) VT-2, RT
Exam volume to extend 2" on each side of weld. Leak probability wlo ISI 9.5E-04.
DWG# 25212-20966 Class 2 CIS

FWA-14
Failure Mode: Cracking - External Loads
4" Tee to Pipe Weld.
ISI Zone: 109 (FWA-194-SW-F)
Exam volume and area to extend 1" on each side of weld.
DWG# 25212-20859 Class 2 C/S

FP l.OE-08*

VT-2, MT, RT

FWA-15 Less-Safety-Significant Segnent & Element Chosen For Plant Reliability
Failure Mode: Cracking - Thermal Fatigue FP l.OE-08*
16" Pipe to SG Nozzle Weld on Main Feedwater Line Loop C.
ISI Zone: 67 (FWS-22A-FW-38) VT-2, UT
Exam volume to extend 2" on each side of weld. Leak probability w/o ISI 9.9E-04.
DWG# 25212-20965 Class 2 C/S

FWA-16
Failure Mode: Cracking - External Loads
4" Tee to Pipe Weld.
ISI Zone: 108 (FWA-5-4-SW-E)
Exam volume and area to extend I" on each side of weld.
DWG# 25212-20858 Class 2 C/S

FP l.OE-08*

VT-2, MT, RT

FWA-17 Less-Safetv-Significant Segmnent & Element Chosen For Plant Reliability
Failure Mode: Cracking - Thermal Fatigue FP 1.OE408*
16" Pipe to SG Nozzle Weld on Main Feedwater Line Loop B.
ISI Zone: 66 (FWS-21-FW-50) VT-2, UT
Exam volume to extend 2" on each side of weld. Leak probability w/o ISI 9.8E-04.
DWG# 25212-20964 Class 2 C/S

FWA-l8
Failure Mode: Cracking - External Loads
4" Tee to Pipe Weld.
ISI Zone: 107 (FWA-6-1-SW-C)
Exam volume and area to extend 1" on each side of weld.
DWG# 25212-20857 Class 2 C/S

FP l.OE-08*

VT-2, MT, RT

FWA-19 Less-Safetv-Significant Segmnent & Element Chosen For Plant Reliabilitv
Failure Mode: Cracking - Thermal Fatigue FP L.OE-08*
16" Reducing Elbow to SG Nozzle Weld on Main Feedwater Line Loop A.
ISI Zone: 65 (FWS-23A-FW-125) VT-2, RT

3
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Exam volume to extend 2" on each side of weld. Leak probability w/o ISI 9.5E-04.
DWG# 25212-20963 Class 2 C/S

Quench Spray System

QSS-2
Failure Mode: Cracking - Vibration Fatigue
ISI Zone: 98 (QSS-l-l-SW-D)
ISI Zone: 97 (QSS-3-l-SW-D)
Schedule exams following pump test.
DWG# 25212-20874 & 20873

12" Pipe to Elbow Weld
12" Pipe to Elbow Weld
Class 2 S/S

F? L.OE-08*
VT-2, UT
VT-2, UT

Reactor Coolant System

RCS-1
Failure Mode: Cracking - Thermal Fatigue FP 4.1E-07
12" Branch Connection Weld to 29" Run Pipe.
ISI Zone: 12 (RCS-LPI-FW-BLl-CMR) VT-2, UT
UT exam limited to branch connection side of weld and the exam volume will be
extended 1" on the branch side of the weld.
DWG# 25212-20910 Class 1 S/S to Cast S/S

RCS-2
Failure Mode: Cracking -Vibration Fatigue EP 4.11
29" Dissimilar Metal Weld Elbow to SG.
ISI Zone: 12 (RCS-LPI-FW-4) VT-2, RT or
Special UT exam would be performed from the ID of the SG channel head nozzle.
DWG# 25212-20910 Class I Cast S/S to C/S

E-07

rUT

RCS-3
Failure Mode: Cracking - Vibration Fatigue FP I.OE-07
2" Branch Connection Weld to 31" Run Pipe.
ISI Zone: 12 (RCS-LPI-EC2-SW-F) VT-2
The selected break location is on the 3 1"pipe. Selection of this exam method is justified
by the leak before analysis described in WCAP-10587 dated June 1984.
DWG# 25212-20910 Class 1 S/S to Cast S/S

RCS-4
Failure Mode: Cracking - Thermal Fatigue
2" Pipe to Branch Connection Weld and Two 2" Pipe to Elbow Welds.
ISI Zone: 47 (RCS-374076-FW-1)
ISI Zone: 47 (RCS-374076-FW-5)
ISI Zone: 47 (RCS-374076-FW-6)
DWG# 25212-20949 Class 1 S/S

FP L.OE-08*

VT-2, RT
VT-2, RT
VT-2, RT

4
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RCS-5
Failure Mode: Cracking - External Loads FP 3.5E-07
27.5" Pipe to Valve Weld.
ISI Zone: 12 (RCS-5-FW-8) VT-2
Leak before break analysis has been considered in the selection of this exam method in
accordance with WCAP-10587 dated June 1984.
DWG# 25212-20910 Class I Cast S/S

RCS-6
Failure Mode: Cracking - Thermal Fatigue FP 3.4E-07
27.5" Dissimilar Metal Weld Safe End to RPV Nozzle.
ISI Zone: 12 (RCS-301-121-C) VT-2, UT
Full volume UT exam performed from the ID of the nozzle during RPV weld exams.
DWG# 25212-20910 Class I S/S to CIS

RCS-7
Failure Mode: Cracking - Thermal Fatigue
10" Pipe to Branch Connection Weld.
ISI Zone: 22 (SIL-4-FW-1 l)
Exam volume to extend 1" on pipe side of weld.
DWG# 25212-20924 Class 1 S/S

FP 1.OE-08*

VT-2, UT

RCS-8
Failure Mode: Cracking - Thermal Fatigue FP 5.5E-07
29" Dissimilar Metal Weld Safe End to RPV Nozzle.
ISI Zone: 13 (RCS-302-121-D) VT-2, UT
Full volume UT exam performed from the ID of the nozzle during RPV weld exams.
DWG# 25212-20911 Class 1 S/S to C/S

RCS-9
Failure Mode: Cracking - Vibration Fatigue FP 4.4E-07
29" Pipe Weld to Valve Cast SIS.
ISI Zone: 13 (RCS-LP2-FW-2) VT-2
Leak before break analysis has been considered in the selection of this exam method in
accordance with WCAP-10587 dated June 1984.
DWG# 25212-20911 Class I Cast S/S

RCS-10
Failure Mode: Cracking - Vibration Fatigue FP 4.4E-07
29" Dissimilar Metal Weld Elbow to SG.
ISI Zone: 13 (RCS-LP2-FW-4) VT-2, RT or UT
Special UT exam would be performed from the ID of the SG channel head nozzle.
DWG# 25212-20911 Class 1 Cast S/S to C/S

5
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RCS-1I
Failure Mode: Cracking - Vibration Fatigue FP 6.4E-07
31" Pipe to Elbow Weld.
ISI Zone: 13 (RCS-LP2-EC2-SW-B) VT-2
Leak before break analysis has been considered in the selection of this exam method in
accordance with WCAP-10587 dated June 1984.
DWG# 25212-20911 Class I Cast S/S

RCS-12
Failure Mode: Cracking - Thermal Fatigue
2" Pipe to Branch Connection Weld and Two 2" Pipe to Elbow Welds.
ISI Zone: 49 (RCS-374078.FW-1 I)
ISI Zone: 49 (RCS-374078-FW-5)
ISI Zone: 49 (RCS-374078-FW-7)
DWG# 25212-20951 ' Class 1 S/S

FP L.OE-08*

VT-2, RT
VT-2, RT
VT-2, RT

RCS-13
Failure Mode: Cracking - External Loads FP 3.8E-07
27.5" Pipe to Valve Weld.
ISI Zone: 13 (RCS-10-FW-18) VT-2
Leak before break analysis has been considered in the selection of this exam method in
accordance with WCAP-10587 dated June 1984.
DWG# 25212-20911 Class I Cast S/S

RCS-14
Failure Mode: Cracking - Thermal Fatigue FP 4.8E-07
27.5" Dissimilar Metal Weld Safe End to RPV Nozzle.
ISIZone: 13 (RCS-301-121-D) VT-2,UT
Full volume UT exam performed from the ID of the Nozzle during RPV weld exams.
DWG# 25212-20911 Class 1 S/S to C/S

RCS-15
Failure Mode: Cracking - Thermal Fatigue
1.5" Pipe to Valve Weld.
ISI Zone: 38 (RCS-408045-FW-4)
DWG# 25212-20940

FP l.OE-08*

VT-2, RT
Class I1 S/S

RCS-16
Failure Mode: Cracking - Thermal Fatigue FP 5.5E-07
29" Dissimilar Metal Weld Safe End to RPV Nozzle.
ISI Zone: 14 (RCS-302-121-A) VT-2, UT
Full volume UT exam performed from the ID of the nozzle during RPV weld exams.
DWG# 25212-20912 Class I S/S to C/S

6
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RCS-17
Failure Mode: Cracking - Vibration Fatigue FP 4.1E-07
29" Dissimilar Metal Weld Elbow to SG.
ISI Zone: 14 (RCS-LP3-FW-4) VT-2, RT or UT
Special UT exam would be performed from the ID of the SG channel head nozzle.
DWG# 25212-20912 Class I Cast S/S to C/S

RCS-18
Failure Mode: Cracking - Vibration Fatigue FP 4.1E-06
2" Branch Connection Weld to 31" Run Pipe.
ISI Zone: 14 (RCS-LP3-EC2-SW-F) VT-2
Break location is on the 31" pipe. Leak before break analysis has been considered in the
selection of this exam method in accordance with WCAP-10587 dated June 1984.
DWG# 25212-20912 Class I S/S to Cast S/S

RCS-19
Failure Mode: Cracking - Thermal Fatigue
2" Pipe to Branch Connection Weld and One 2" Elbow to Pipe Weld.
ISI Zone: 50 (RCS-374079-FW-1)
ISI Zone: 50 (RCS-374079-FW-7)
DWG# 25212-20952 Class 1 S/S

FP L.0E-08*

VT-2, RT
VT-2, RT

RCS-20
Failure Mode: Cracking - External Loads FP 3.5E-07
27.5" Pipe to Valve Weld.
ISI Zone: 14 (RCS-15-FW-28) VT-2
Leak before break analysis has been considered in the selection of this exam method in
accordance with WCAP-1 0587 dated June 1984.
DWG# 25212-20912 Class I Cast S/S

RCS-21
Failure Mode: Cracking - Thermal Fatigue
27.5" Dissimilar Metal Weld Safe End to RPV Nozzle.
ISI Zone: 14 (RCS-301-121-A)
Full volume UT exam performed from the ID of the nozzle during RPV
DWG# 25212-20912 Class 1 S/S to C/S

FP 4.7E-07

VT-2, UT
weld exams.

RCS-22
Failure Mode: Cracking - Thermal Fatigue
10" Pipe to Branch Connection Weld.
ISI Zone: 25 (SIL-6-FW-I 1)
Exam volume to extend 1" on pipe side of weld.
DWG# 25212-20927 Class 1 S/S

FP 1.0E-08*

VT-2, UT

7
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RCS-23
Failure Mode: Cracking - Thermal Fatigue FP 4.1E-07
12" Branch Connection Weld to 29" Run Pipe.
ISI Zone: 15 (RCS-LP4-FW-HLl-CMR) VT-2, UT
UT exam limited to branch connection side of weld and the exam volume will be
extended 1" on the branch side of the weld.
DWG# 25212-20913 Class I S/S to Cast SIS

RCS-24
Failure Mode: Cracking - Vibration Fatigue FP 4.4E-07
29" Dissimilar Metal Weld Elbow to SG.
ISI Zone: 15 (RCS-LP4-FW-4) VT-2, RT or UT
Special UT exam would be performed from the ID of the SG channel head nozzle.
DWG# 25212-20913 Class 1 Cast S/S to C/S

RCS-25
Failure Mode: Cracking - Vibration Fatigue FP 6.4E-07
31" Pipe to Elbow Weld.
ISI Zone: 15 (RCS-LP4-EC2-SW-B) VT-2, RT or Vibration Monitoring
This weld may have a relatively higher vibration level than other welds in the segment. If
vibration monitoring is used and the results are negligible, only a VT-2 exam of this weld
will be performed. This exam method is then justified by the leak before break analysis
described in WCAP-10587 dated June 1984.
DWG# 25212-20913 Class I Cast S/S

RCS-26
Failure Mode: Cracking - Thermal Fatigue
2" Pipe to Branch Connection Weld and 2" Elbow to Pipe Weld.
ISI Zone: 52 (RCS-374077-FW-1 1)
ISI Zone: 52 (RCS-374077-FW-7)
DWG# 25212-20954 Class 1 S/S

FP l.OE-08*

VT-2, RT
VT-2, RT

RCS-27
Failure Mode: Cracking - External Loads FP 3.8E-07
27.5" Pipe to Valve Weld.
ISI Zone: 15 (RCS-20-FW-38) VT-2
Leak before break analysis has been considered in the selection of this exam method in
accordance with WCAP-10587 dated June 1984.
DWG# 25212-20913 Class 1 Cast S/S

RCS-28
Failure Mode: Cracking - Thermal Fatigue FP 4.8E-07
27.5" Dissimilar Metal Weld Safe End to RPV Nozzle.
ISI Zone: 15 (RCS-301-121-B) VT-2, UT
Full volume UT exam performed from the ID of the nozzle during RPV weld exams.
DWG# 25212-20913 Class 1 S5S to C/S

8
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RCS-29
Failure Mode: Cracking - Thermal Fatigue
10" Pipe to Branch Connection Weld.
ISI Zone: 26 (SIL-7-FW-1 1)
Exam volume to extend 1" on pipe side of weld.
DWG# 25212-20928 Class I SIS

FP L.OE-08*

VT-2, UT

Failure Mode: Cracking - Thermal Fatigue
14" Elbow to Pipe Weld.
ISI Zone: 16 (RCS-SL-FW-3)
Exam volume to extend I" on each side of weld.
DWG# 25212-20918 Class I S/S

FP l.OE-08*

VT-2, UT

RCS-31
Failure Mode: Cracking - Thermal Fatigue
6" Pipe to Elbow Weld.
ISI Zone: 20 (RCS-516-1-SW-5)
Exam volume to extend I" on each side of weld.
DWG# 25212-20922 Class I S/S

FP l.OE-08*

VT-2, UT

RCS-32
Failure Mode: Cracking - Thermal Fatigue
6" Elbow to pipe Weld.
ISI Zone: 20 (RCS-516-FW-13-1)
Exam volume to extend 1" on each side of weld.
DWG# 25212-20922 Class I S/S

FP 1.0E-08*

VT-2, UT

RCS-33
Failure Mode: Cracking - Thermal Fatigue
6" Elbow to pipe Weld.
ISI Zone: 20 (RCS-516-6-SW-2)
Exam volume to extend 1" on each side of weld.
DWG# 25212-20922 Class 1 S/S

FP l.OE-08*

VT-2, UT

RCS-34
Failure Mode: Cracking - Thermal Fatigue
3" Tee to Pipe Weld.
ISI Zone: 21 (RCS-513-1-SW-7)
Exam volume to extend I" on pipe side of weld.
DWG# 25212-20923 Class I S/S

FP l.OE-08*

VT-2, UT

9

o:\4393\VersionA\4393-El.doclb.022099-10



RCS-35
Failure Mode: Cracking - Thermal Fatigue
3" Pipe to Flange Weld.
ISI Zone: 21 (RCS-513-3-SW-2)
Exam volume to extend 1" on pipe side of weld.
DWG# 25212-20923 Class 1 S/S

FP L.OE-08*

VT-2, UTI

RCS-36
Failure Mode: Cracking - Thermal Fatigue
3" Pipe to Flange Weld.
ISI Zone: 21 (RCS-5134-SW-2)
Exam volume to extend 1" on pipe side of weld.
DWG# 25212-20923 Class 1 S/S

FP L.OE-08*

VT-2, UT

RCS-38
Failure Mode: Cracking - Thermal Fatigue
2" Pipe to Elbow Weld.
ISI Zone: 43 (RCS-408005-FW-1)
DWGff 25212-20945

FP L.OE-08*

VT-2, RT
Class 1 S/S

RCS-40
Failure Mode: Cracking - Thermal Fatigue
6" Dissimilar Metal Weld Pressurizer Spray Nozzle to Safe End.
ISI Zone: 7 (RCS-03-X-5641-E-T)
DWG# 25212-20905 Class I C/S to S/S

FP l.OE-08*

VT-2, RT

RCS-42
Failure Mode: Cracking - Thermal Fatigue
12" Pipe to Tee Weld.
ISI Zone: 27 (RCS-501-1-SW-5)
Exam volume to extend 1" on each side of weld.
DWG# 25212-20929 Class I S/S

FP 1.OE-08*

VT-2, UT

RCS-43
Failure Mode: Cracking - Thermal Fatigue
8" Valve to Pipe Weld.
ISI Zone: 29 (RCS-504A-FW-2)
Exam volume to extend 1" on pipe side of weld.
DWG# 25212-20931 Class 1 S/S

FP l.OE-07

VT-2, UT

RCS-45
Failure Mode: Cracking - Thermal Fatigue
4" Branch Connection to Pipe Weld.
ISI Zone: 17 (RCS-518-FW-1)
Exam volume to extend 1" on pipe side of weld.
DWG# 25212-20919 Class I S/S

FP l.OE-08*

VT-2, UT

10
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RCS-47
Failure Mode: Cracking - Thermal Fatigue
3" Elbow to Branch Connection Weld and 3" Pipe to Elbow Weld.
ISI Zone: 48 (3-CHS-14-FW-12)
ISI Zone: 48 (3-CHS-14-FW-20)
Exam volume to extend 1" on the pipe side of the pipe to elbow weld.
DWG# 25212-20950 Class I S/S

RCS-49
Failure Mode: Cracking - Thermal Fatigue
Two 1.5" Tee to Pipe Welds and One Tee to Reducer Weld.
ISI Zone: 37 (RCS-408046-FW-6)
ISI Zone: 37 (RCS-408046-FW-7)
ISI Zone: 37 (RCS-408046-FW-9)
DWG# 25212-20939 Class 1 S/S

FP L.0E-08*

VT-2, UT
VT-2, UT

FP 1.OE-08*

VT-2, RT
VT-2, RT
VT-2, RT

RCS-50
Failure Mode: Cracking - Thermal Fatigue
6" Pipe to Elbow Weld.
ISI Zone: 24 (SIL-13-4-SW-C)
Exam volume to extend 1" on each side of weld.
DWG# 25212-20926 Class I S/S

FP L.0E-08*

VT-2, UT

RCS-51
Failure Mode: Cracking - Thermal & Vibration Fatigue
8" Pipe to Valve Nozzle Weld.
ISI Zone: 30 (RCS-504B-FW-4)
Exam volume to extend 1" on pipe side of weld.
DWG1u 25212-20932 Class 1 S/S to Cast S/S

FP 1.OE-08*

VT-2, UT

RCS-53
Failure Mode: Cracking - Thermal Fatigue
4" Pipe to Branch Connection Weld.
ISI Zone: 18 (RCS-517-FW-1)
Exam volume to extend 1" on pipe side of weld.
DWG# 25212-20920 Class I S/S

FP 1.0E-08*

VT-2, UT

RCS-54
Failure Mode: Cracking - Thermal Fatigue
10" Pipe to Elbow Weld.
ISI Zone: 23 (SIL-5-6-SW-B)
Exam volume to extend 1" on each side of weld.
DWGC 25212-20925 Class I S/S

11
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RCS-55
Failure Mode: Cracking - Thermal Fatigue
6" Pipe to Valve Weld.
ISI Zone: 39 (RCS-LP3-FW-27)
Exam volume to extend I" on pipe side of weld.
DWG# 25212-20941 Class I S/S

FP 1.OE-08*

VT-2, UT

RCS-56
Failure Mode: Cracking - Thermal Fatigue
8" Pipe to Valve Weld.
ISI Zone: 31 (RCS-504C-FW-2)
Exam volume to extend 1" on pipe side of weld.
DWG# 25212-20933 Class 1 S/S

FP l.OE-07

VT-2, UT

RCS-58
Failure Mode: Cracking - Thermal Fatigue
3" Pipe to Elbow Weld.
ISI Zone: 51 (RCS-507-1-SW-2)
Exam volume to extend 1" on each side of weld.
DWG# 25212-20953 Class 1 S/S

FP l.OE-08*

VT-2, UT

RCS-60
Failure Mode: Cracking - Thermal Fatigue
1.5" Pipe to Valve Weld.
ISI Zone: 40 (RCS-408044-FW-10-1)
DWG# 25212-20942 Class I S/S

RCS-61
Failure Mode: Cracking - Thermal Fatigue
12" Pipe to Branch Connection Weld.
ISr Zone: 28 (RHS-502-FW-1)
Exam volume to extend 1" on pipe side of weld.
DWG# 25212-20930 Class 1 S/S

FP L.OE-08*

VT-2, RT

FP L.OE-08*

VT-2, UT

RCS-62
Failure Mode: Cracking - Thermal & Vibration Fatigue
8" Pipe to Valve Nozle Weld.
ISI Zone: 32 (RCS-504D-FW-4)
Exam volume to extend 1" on pipe side of weld.
DWG# 25212-20934 Class I S/S to Cast S/S

RCS-64
Failure Mode: Cracking - Thermal Fatigue
3" Elbow to Branch Connection Weld and 3" Pipe to Elbow Weld.
ISI Zone: 48 (3-CHS-15-FW-15)
ISI Zone: 48 (3-CHS-15-FW-26)

12

FP L.OE-08*

VT-2, UT

FP. 1.OE-08*

VT-2, UT
VT-2, UT
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Exam volume to extend 1" on pipe side of the pipe to elbow weld.
DWG# 25212-20950 Class I S/S

RCS-66
Failure Mode: Cracking - Thermal Fatigue
Two 1.5" Pipe to Tee Welds and One 1.5" Tee to Reducer Weld.
ISI Zone: 41 (RCS-408043.FW.14)
ISI Zone: 41 (RCS-408043-FW-8)
ISI Zone: 41 (RCS408043-FW-9)
DWG# 25212-20943 Class 1 S/S

FP 1.OE-08*

VT-2, RT
VT-2, RT
VT-2, RT

Containment Recirculation System

RSS-I I
Failure Mode: Cracking - Vibration Fatigue
ISI Zone: 90 (SIH-12-FW-8) 6" 1
Exam volume to extend 1" on pipe side of weld.
DWG# 25212-20990 Cla.,

FP L.OE-08*
VT-2, UTPipe to Valve Weld

;s 2 S/S

High Pressure Safety Iniection System

SIH-1
Failure Mode: Cracking - External Loads
ISI Zone: 90 (SIH-13-3-SW-E) 8" 1
Exam volume to extend 1" on each side of weld.
DWG# 25212-20867 Clas

FP L.OE-08*
VT-2, UTTee to Pipe Weld

;s 2 S/S

SIH-2
Failure Mode: Cracking - Vibration Fatigue FP 1.8E-08
Not in ISI Program. (SIH-9-RBI-1) 3" Flange to Reducer Weld VT-2, RT
Schedule exam following pump test. Exam volume to extend 1" on reducer side.
DWG# 25212-20403 SH.25 I S&W 12179-CI-SIH-9 SHT.1 of 4 Class 2 S/S

SIH-3
Failure Mode: Cracking - Vibration Fatigue FP 1.8E-08
Not in ISI Program. (SIH-7-RBI-1) 3" Flange to Reducer Weld VT-2, RT
Schedule exam following pump test. Exam volume to extend I" on reducer side.
DWG# 25212-20403 SH.17 I S&W 12179-CI-SIH-7 SHT.1 of 5 Class 2 S/S

SIH-4
Failure Mode: Cracking - External Loads
ISI Zone: 127 (SIH-8-FW-6) 4" Pipe to Valve Weld
Exam volume to extend 1" on pipe side of weld. Class 2 S/S
DWG# 25212-20289

13

FP 1.OE-08*
VT-2, UT
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Low Pressure SafetW Injection System

SIL-1
Failure Mode: Cracking - Thermal Fatigue
3" Pipe to Branch Connection Weld. Class 2 S/S
Not in ISI Program (RHS-003-16-RBI-1-2)
Exam volume to extend I" on pipe side of weld.
DWG# S&W 12179-CI-RHS-9 SHT.1 of 4

SIL-2
Failure Mode: Cracking - Thermal Fatigue
12" Pipe to Tee Weld.
ISI Zone: 1 13 (SIL-9T-FW-10)
Exam volume to extend 1" on each side of weld.
DWGU 25212-20890 Class 2 S/S

FP l.OE-08*

VT-2, RT
Piping shown in Zone 118

FP l.OE-08*

VT-2, UT

SIL-3
Failure Mode: Cracking - Thermal Fatigue FP 1.OE-08*
8" Pipe to 3" Long Transition Piece Weld and 3" Transition Piece to Valve Weld.
ISI Zone: 89 (SIL-I 1-1-SW-M) VT-2, RT
ISI Zone: 89 (SIL-l l-FW-2) VT-2, RT
Exam volume to extend 1" on each side of first weld and 1" on transition piece of second
weld including the valve side counterbore region of the valve body.
DWG# 25212-20866 Class 2 S/S

SLn-
Failure Mode: Cracking - Thermal Fatigue
6" Tee to Pipe Weld.
ISI Zone: 79 (SIL-501-1-SW-5)
Exam volume to extend 1" on each side of weld.
DWG# 25212-20971 Class 2 S/S

FP l.OE-08*

VT-2, UT

SIL-5
Failure Mode: Cracking - Thermal Fatigue
6" Reducer to Pipe Weld.
ISI Zone: 80 (SIL-504-1-SW-7)
Exam volume to extend 1" on pipe side of weld.
DWG# 25212-20972 Class 2 S/S

FP I.OE-08*

VT-2, UT

Service Water System

SWP-'
Failure Mode: Cracking - Vibration Fatigue & Erosion
30" Elbow to Pipe Weld.
Not in ISI Program. (SWP-030-7-RBI-1-3)

14

FP 2.6E-08

VT-2, VT-3, UT
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Exam volume to extend 1" on each side of weld. Internal VT-3 of ARCOR coating to be
performed at time of check valve dissassembly once per interval.
Piping shown in Zone 181 Class 3 ClSICUNi Clad
DWG# S&W 12179-CI-SWP-18 SHT.1 of 6

SWP-2
Failure Mode: Cracking - Vibration Fatigue & Erosion FP 2.6E-08
30" Elbow to Pipe Weld.
Not in ISI Program. (SWP-030-2-RBI-1-3) VT-2, VT-3, UT
Exam volume to extend 1" on each side of weld. Internal VT-3 of ARCOR coating to be
performed at time of check valve dissassembly once per interval.
Piping shown in Zone 181 Class 3 C/S/CUNi Clad
DWG# S&W 12179-CI-SWP-18 SHT.1 of 6

SWP-3
Failure Mode: Cracking - Vibration Fatigue & Erosion FP 2.6E-08
30" Elbow to Pipe Weld.
Not in ISI Program. (SWP-030415-RBI-1-3) VT-2, VT-3, UT
Exam volume to extend I" on each side of weld. Internal VT-3 of ARCOR coating to be
performed at time of check valve dissassembly once per interval.
Piping shown in Zone 182 Class 3 C/S/CUNi Clad
DWG# S&W 12179-CI-SWP-19 SHT.1 of 6

SWP-4
Failure Mode: Cracking - Vibration Fatigue & Erosion FP 2.6E-08
30" Pipe to Chek Valve Flange Weld.
Not in ISI Program. (SWP-030-18-RBI-1-3) VT-2, VT-3, UT
Exam volume to extend 1" on pipe side of weld. Internal VT-3 of ARCOR coating to be
performed at time of check valve dissassembly once per interval.
Piping shown in Zone 182 Class 3 C/S/CUNi Clad
DWG# S&W 12179-CI-SWP-19 SHT.1 of 6

SWP-5
Failure Mode: Cracking - External Loads & Erosion FP l.OE-08*
8" Pipe Branch Tee With a Reinforcing Collar Welded to the 8" & 10" Pipe.
Not in ISI Program. (SWP-008-74-RBI-1-3) VT-2, PT
Not in ISI Program. (SWP-008-74-RBI-2-3) VT-2, PT
Exam area includes the inside collar weld RBI-1 and the outside collar weld RBI-2.
Piping shown in Zone 178 Class 3 CUNi
DWG# S&W 12179-CI-SWP-33 SHT.2 of 8

SWP-6
Failure Mode: Cracking - External Loads & Erosion FP l.OE-08*
6" Pipe to Pipe Bimetallic Weld.
Not in ISI Program. (SWP-00648-RBI-1-3) VT-2, UT
Exam volume to include 2" of base metal on the CUNi side of the weld for wall thinning.

15
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Piping shown in Zone 175 Class 3 CUNi to Monel
DWG# S&W 12179-CI-SWP-30S SIT.1 of 6

SWP-7
Failure Mode: Cracking - External Loads & Erosion FP l.OE-08*
8" Pipe Branch Tee With a Reinforcing Collar Welded to the 8" & 10" Pipe.
Not in ISI Program. (SWP-008-73-RBI-1-3) VT-2, PT
Not in ISI Program. (SWP-008-73-RBI-2-3) VT-2, PT
Exam area includes the inside collar weld RBI-1 and the outside collar weld RBI-2.
Piping shown in Zone 179 Class 3 CUNi
DWG# S&W 12179-CI-SWP-33 SHT.1 of 8

SWP-8
Failure Mode: Cracking - External Loads & Erosion FP L.0E-08*
6" Pipe to Pipe Bimetallic Weld.
Not in ISI Program. (SWP-006-33-RBI-1-3) VT-2, UT
Exam volume to include 2" of base metal on the CUNi side of the weld for wall thinning.
Piping shown in Zone 175 Class 3 CUNi to Monel
DWG# S&W 12179-CI-SWP-30S SHT.2 of 6

SWP- 15
Failure Mode: Cracking - External Loads & Erosion FP l.OE-08*
1.5" Elbow to Pipe Brazed Joint. Class 3 CUNi
Not in ISI Program. (SWP-150-106-RBI-1-3) VT-2, UT
Exam volume to cover under bell of fitting from pipe side with special UT. Leak concern
due to proximity of pump and failure probability for leak w/o ISI is 7.4E-06.
DWG# S&W 12179-CP-319716 SHT.1 of 4

SWP-22
Failure Mode: Erosion FP 1.OE-08*
1.5" Elbow to Pipe Brazed Joint. Class 3 CUNi
Not in ISI Program. (SWP-150-104-RBI-1-3) VT-2, UT
Exam volume to cover under bell of fitting from pipe side with special UT. Leak concern
due to proximity of pump and failure probability for leak w/o ISI is 7.4E-06.
DWG# S&W 12179-CP-319735 SHT.1 of 3

SWP-23
Failure Mode: Cracking - Thermal Fatigue & Erosion FP 1.OE-08*
24" Welded Pipe Branch Tee With a Reinforcing Saddle Welded to the 24" & 30" Pipe.
Not in ISI Program. (SWP-024-91-RBI-1-3) VT-2, VT-3, UT
Exam volume to extend I" from the inside saddle weld on the 24" pipe. This weld will
have a UT exam for ID cracking from the 24" pipe side of the weld. Internal VT-3 of
ARCOR coating to be performed once per interval.
Piping shown in Zone 183 Class 3 C/S/CUNi Clad
DWG# S&W 12179-CI-SWP-23 SHT.1 of 7

16
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SWP-25
Failure Mode: Cracking - Thermal Fatigue & Erosion FP 1.0E-08*
24" Welded Pipe Branch Tee to 30" Pipe.
Not in ISI Program. (SWP-024-93-RBI-1-3) VT-2, VT-3, UT
Exam volume to extend 1" on each side of weld. Internal VT-3 of ARCOR coating to be
performed once per interval.
Piping shown in Zone 183 Class 3 CIS/CUNi Clad
DWG# S&W 12179-Cl-SWP-23 SHT.1 of 7

SWP-26
Failure Mode: Cracking - Vibration Fatigue & Erosion FP 2.6E-08
No piping exists in this segment only equipment that is flanged and bolted together.
Service Water Pump PID to Check Valve VI.
(SWP-030-D-26-3) VT-2
DWG# P&ID 25212-26933 SH.1 of 4 or S&W 12179-EM-133A-16

SWP-27
Failure Mode: Cracking - Vibration Fatigue & Erosion FP 2.6E-08
No piping exists in this segment only equipment that is flanged and bolted together.
Service Water Pump PIB to Check Valve V3.
(SWP-030-B-27-3) VT-2
DWG# P&ID 25212-26933 SH.1 of 4 orS&W 12179-EM-133A-16

SWP-28
Failure Mode: Cracking - Vibration Fatigue & Erosion FP 2.6E-08
No piping exists in this segment only equipment that is flanged and bolted together.
Service Water Pump PlC to Check Valve V5.
(SWP-030-C-28-3) VT-2
DWG# P&ID 25212-26933 SH.1 of 4 or S&W 12179-EM-133A-16

SWP-29
Failure Mode: Cracking - Vibration Fatigue & Erosion FP 2.6E-08
No piping exists in this segment only equipment that is flanged and bolted together.
Service Water Pump PIA to Check Valve V7.
(SWP-030-A-29-3) VT-2
DWG# P&ID 25212-26933 SH.1 of 4 or S&W 12179-EM-133A-16

17
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REACTOR PLANT COMPONENT COOLING: CCP-1
INSPECTION LOCATIONS

16,000 gal.
SurgeTank

from
Letdown HX

coolers
to equipment

For Inspect. loc.
for CCP-01, -02,
see sht. 3

From RHS Hx

from I

P1B
Comp. Cooling
Pumps
8,100 gpm

ElB

Comp. Cooling
Heat Exchangerscoolers

3/27196 Ref. EM-121A
RBI P&ID - 30
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REACTOR PLANT COMPONENT COOLING: CCP-2
INSPECTION LOCATIONS

I��1 FV66A

FT 1A
I8a

Fc .P0 .

(see sht 1)

IN8
1d

* . .

Fuel Pool Cooler RHR Pump Seal RHR Hx
Cooler

to pump suction header
CCP-04 (sht. 1)

to pump suction header
CCP-05 (sht. 1)

AOV-10A

to penetr.
and misc.
coolers

FV 56B

Fuel Pool Cooler RHR Pump Seal RHR Hx
Cooler

Ref. EM-121A
3/27/96 RBI P&ID - 31
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REACTOR PLANT COMPONENT COOLING: CCP-3
INSPECTION LOCATIONS

MOV45A Inside containment

*0'fl, . __ _ __ _ _ MOV.48A

Ref. EM-121B
3/21/96 RBI P&ID - 32
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CHEMICAL AND VOLUME CONTROL: CHS-1
INSPECTION LOCATIONS

3127196 RBI P&ID - 21
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CHEMICAL AND VOLUME CONTROL: CHS-2
INSPECTION LOCATIONS RCS

cold leg

(see sht. 1)

from Chg
Pump DIsch.
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85

6.

CHEMICAL AND VOLUME CONTROL: CHS-3
INSPECTION LOCATIONS

FE-155's SIH to Cold Legs

from
MV-8801's

CHS-23|

from
MV-8190's

|CHS-13J -

|CHS-1 1 |

|CHS-iO |-

|CHS-12 |-

II
.L-

CHS-06 4n
__I

E1W IH-N- RCS-49|
V29

_ HIIJVS- RCS-15|
- wo~

Ho eN_ RCS-601

H H~t45 |RCS-66|

- location at weld to pump

2-

Reactor Coolant

CHS-14

[CHS-15| LCHS-02
Hto Seal Water Hx

sheet 1

MV-8112 MV-8100l
RBI P&ID - 23

.

Ref. EM-103A, 104A, 113A
3127198
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EMERGENCY CORE COOLING: ECCS-1
INSPECTION LOCATIONS

Heat traced
\ bove ground

* VI
A Burt

24"

16"

Buried

ESF Buildingi

1 To High Pressure Safety Injection
8"

ICV-1 12E

To Residual Heat Removal/ LPSI

MOV-8812B V9

Re!. EM-112A, 113A, 113B, 104A

3127196 RBI P&ID- 13
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l | DWST

*0

_

0
0

I .

HWV37 LO

,V60

from CST
from Service Water

AUX FEEDWATER: FWA-1
INSPECTION LOCATIONS

.g Recrc to DWST4

RO,
6' 2' 6

Ref. EM-130 B

3127196 RBI PID - 9
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AUX FEEDWATER: FWA-2
INSPECTION LOCATIONS

FWA- I
FWA-4
FWA 4
FWA- 1

--- -D --
HV-31
A. D, C. D

FWA-18
FWA-16
FWA-14
FWA-12

I

I
FWA-19

IFWA-17
IFWA-15

-1 FWA-13
V7 MOV 35
V21 A. 3.C.
V26
V12

I 1 -

.1

V882 CV
V883
V884
V885

Aux
Feedwater

A
B
C
D

HV-32
A. , C, D V43

V 39
V35
V47

HV 36
A, .C. 0

1 N
V921
V920
V899
V898

Main 20"
Feedwater *

Note:
Segments 2, 3,
5,6,8-11 are
not used.

ESF Bldg ! Containment

Ref. EM-130 A, B, C. D

3/27196 RBI P&ID- 10
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AUX FEEDWATER: FWA-3
INSPECTION LOCATIONS

I
TURBINE DRIVEN
FEED PUMP

Containment MSIV Bldg

Ref. EM-123A
3/27196 RBI P&ID- 11



0

RWT eQUENCH SPRAY: QSS-1
8. INSPECTION LOCATIONS

%0

capped 'Note: Segment boundary
Segment QSS-1was to have Included from valve to containment
chem. addition tank piping, but the piping Inside penetration7has been deleted. Containment

Q-SS..2habendlt.

buried * . [i * 03

ass S-
QSS-2 QSs.3

P3A

QSS-03

tetrturn >

ass-
04

* QSS-2 34B

14.
aQSQSS 4

P3B

Quench Spray System Ref. EM-1 15A

moved

3/27/96 RBI P&ID -12
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REACTOR COOLANT SYSTEM: RCS-1
INSPECTION LOCATIONS

Stm Generator

SG-1
A,BCD

Reactor Coolant Pump

Reactor
Hot Leg

P-1 Reactor
A,BC,D 'Al A Cold Leg

Loop 1, 3 Nozzle

MOV-8001
8.9 A,BC,D R

IRCS23 RCIl7
_~S.3 _RO _ DC

MOV.8002
A,B,CD

RCS-13
IRCS-201

RCS14
IRCS-211

Loop 2, 3 Note: RCS-8,9 t
RPVISafe End on loop 2

are respectively R
upstream and RCS18
downstream of R
the PZR surge line.

Ref. EM-102A, 102B, 102D, 102E

3/27196 RBI P&ID - 24
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0.

REACTOR COOLANT SYSTEM: RCS-2
INSPECTION LOCATIONS

Loop Fill X
(from RCS.57 RCS.19
Charging) R J

Ref. EM-102A, 1028, 102E, 102F

3/27196 RBI P&ID - 25



REACTOR COOLANT SYSTEM: RCS-3
as INSPECTION LOCATIONS

112
-It7

~011 12"-- 1 !_

m " SV-8010A G6 typ

V I 3SV-8010B

A 6- ty

Ref. EM-102C
3/27196 RBI P&ID - 26



RECIRCULATION SPRAN
INSPECTION LOCATI

9

'12

8. MV.38

8MOV23A 0 PA .EI@ * i V29A ? 0-CA~

* to Low Head St V3 S.
from Quench Spray SILts - ->-j

. ,Recire to DWST

~LC,
* I

.MOV23C PIC EIC
. '. !Recirc Spray Pumps Recitrc Spray Heat Exch

Containment: ESP Bldg
*.1

Ref. EM-112C

': RSS-1
IONS

Il

3127196 RBI P&ID- 15



RECIRCULATION SPRA'INSPECTION LOCAI

i

0

12'v29 LC HIvH

::--- iii33

to Low Head Si V38 8-from Quench Spray SIL-2 . -

Reclrc to DWST

*. ,. |V27 j LC
* Relr

* MOV23D PID EID
.j .Recir Spray Pumps Recirc Spray Heat Exct

Containmenl i
Sump ;ESF Bldg

Ref. EM-1 12C

3/27196

MY: RSS-2
'IONS

Il

RBI P&ID- 16
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RECIRCULATION
INSPECTION

SPRAY: RSS-3
LOCATIONS

8'

I I0 tMVIO4A V 982
:__SIL-01l_,
' -- 0 1 SIH-10 I

MV

MV-8923A

V-8807A mv.88075

PIA

--- 88Il
MV4Ms

High Pressul
Safety InjedWon F

_ N _4.

V13

Wunps

. - C __1 V17

MV-89230

tLJ
MV.88040 V983

PlB

3127/96 Ref. EM-1 138 RBI P&ID- 17



O HIGH PRESSURE SAFETY INJECTION SYSTEM: SIH-1
fo INSPECTION LOCATIONS

<: ~from RHS
a. trainA A

; >K C 'HL2
v8e04A V982 ' see SIL-1 RCS-50

MV-8924 RSS-11 nt. -

V69
8 6-

from RWST 7
MV-8807A MV-88078 MV-8802A ] HL4

+ t ~~~~MV-8923A .. |5: 4 -| V9N

3 MV8821A , see SIL-1

t i-02 |R0 >° ' for cont.

*- pp> Si to cold legs
SIH-01 HihPtessure MV-88 SIH-0

8- ~~~Safety Injection Punps ° *

ta B 288140 MV-8821B rMV 89238 RC

SE RO , 1| 9

v P1 Kt ' 6V102 H1-.ISIL- 021 O FA
-D : ~MV-8802B,

from RHS M-84E3MV-8820 0} 3 V26 HL3
L _ IRCS421|

MV-8813 return to RWST
Ref. EM-1 12A,11 i3B

3/27196 RBI P&ID -19
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HIGH PRESSURE SAFETY INJECTION SYSTEM: SIH-2
,1 INSPECTION LOCATIONS
0ti(CCI SUBSYSTEM)

w
'0

0.
0

0 surge tank7El
I* I �i*ii-�i I

III
HPSI pump -
Lube oil cooler

SWP

Heat exchanger

3/27196 RBI P&ID - 20
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LOW PRESSURE SAFETY INJECTION: SIL-1
INSPECTION LOCATIONS

Note: for SIL-09 to SIL-12 see sheet ECCS-2

3/27/96 RBI P&ID- 18
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SERVICE WATER SYSTEM: SWP-1
INSPECTION LOCATIONSInconel

indicates copper-nickle clad carbon steel piping to MCC/Rod CtU AC;
4.- CCE Hx (sh. 2)

: yard

.1L

30

Note: Se
of exp. Jr
only. Th
there Is r
requiring

L-j \~to R SS,

MO-028

P1B 1 to TPCCW

gments SWP.26-29 consist Hx's (no segn
it., strainer, and check valve Note: 4
ese are filting bound and Inspection locations for
io Intervening piping SWP-05, -07 are shown on
I base or weld Inspection. sheet 2

fSWSWP-87
yOV-102C

^ MOV-02A
-- ' 0 *.yard.

RO. RO-
120B 1218

to Clrc
Water disch
(typ)

RO. RO- 30
120A 121AEIA

MV.50A

18

PIA
to MCC/Rod Ctl AC;
CCE fix (sh. 2)

Ref. EM-133A
RBI P&ID -273127196
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SERVICE WATER SYSTEM: SWP-2
INSPECTION LOCATIONS vent

10" MOV-54A
MOV-54B

ARH.........
V304, V303 FWA cross-connect

H.........

3/27196 RBI P&ID - 28



SERVICE WATER SYSTEM: SWP-3
INSPECTION LOCATIONS

HVR'ACUIA,B
MOCIod CI AC MOV-130A.B

O (to be deleted RFO6 to circ water
Booster PP to| disch.

3' 1 20A0A,

9r 173A,, l SWP-14

8 Note 1: Piping In segments SWP-1 5 and

|Note I SWP-22, as well as the Hx's, is slated
30 _Sfor complete removal during RFO 6.

N 1 5. ~Chg Pmp coolers SP2

*- - to/from CC Hx's (sh. 1)

Inside EI) momn
to RSS coolers SWP-08 |
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3/27196 RBI P&ID -29



ENCLOSURE 2

MILLSTONE UNIT 3

CHECKLIST FOR TECHNICAL CONSISTENCY
IN PSA MODEL

(BASED ON EPRI PSA APPLICATIONS GUIDE
APPENDIX B)

ISI PROGRAM PLAN
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Checklist For Technical Consistency In a PSA Model

Appendix B of the EPRI document entitled OPSA Applications Guide' discusses several issues that
have been found, in various PSAs, to be significant in determining the risk profile, but that have also
either been neglected or treated superficially in the PSA models. The PSA report classifies the
issues of concern in three major categories:

1. Issues related to whether the values of the PSA model parameters are within nominal
ranges.

2. Issues concerned with whether the PSA model assumptions are justifiable.

3. Issues dealing with the proper documentation that support modeling decisions.

The following table provides a sanity check to confirm that the Millstone Unit 3 PSA model conforms
to the industry state-of-the-art with respect to completeness of coverage of potential scenarios.

Issue Issues Description Related Millstone Unit 3
[EPRI PSA Applications [EPRI PSA Applications (MP3) PSA Model

Guide, Appendix B] Guide, Appendix B] Assumptions

IInitatino Events 1. If the Support Systems 1. The following initiating
(such as CCW, SW, AC events are considered in
Power, DC Power, HVAC, the Millstone Unit 3 PSA
and Instrument/Station model:
Air) have not been
identified as being Loss of service water
significant, they should (train A or B), total loss of
have screened out on the service water, loss of one
basis of one of the vital DC Bus (A or B),
following reasons: total loss of vital DC

Power, loss of vital AC
1.1 Not causing a reactor trip. Bus I or 2, loss of vital

AC Bus 3 or 4.
1.2 Not required for

shutdown.
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Issue Issues Description Related Millstone Unit 3
[EPRI PSA Applications [EPRI PSA Applications (MP3) PSA Model

Guide, Appendix B] Guide, Appendix B] Assumptions

1.3 The frequencies of loss of The following initiating
these support systems events are screened out
(as initiating events) are (not modeled in MP3
low. A critical review is PSA):
required if the frequency
is < I 2IRYfora single Loss of Instrument Air,
train system, or 1IC4IRY loss of Reactor Plant
for a redundant system. CCW,. loss of Turbine

Plant CCW, loss of
charging pump and
component cooling pump
area ventilation.

However, if such The reasons for
frequency is bounded in screening out these
probability and support systems (special
consequence by another initiating events) are
initiator, it could be documented in MP3
screened out. Event Tree Analysis

Calculation File # W3-
517-1084-RE, Rev. 0,
Pages 5 and 6.

2. While Interfacing System 2. In the Millstone Unit 3
LOCAs may have low PSA, Interfacing System
frequencies, they are risk LOCAs were assumed to
significant from the stand lead directly to core melt
point of public risk and containment bypass,
irrespective to their and, therefore, required
frequencies of such no event tree analysis.
sequences are assessed The initiating event
to be low, then these frequency of IS LOCAs is
calculations must be well 2.21 E-7/RY.
documented in the PSA.
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Issue Issues Description Related Millstone Unit 3
IEPRI PSA Applications [EPRI PSA Applications (MP3) PSA Model

Guide, Appendix B] Guide, Appendix BJ]Assumptions

3. SGTR sequences are 3. The initiating event
also risk significant from frequency of SGTR is
the public risk stand point 2.84E-2IRY and this
If the frequencies of event is considered a risk
SGTR events are significant from a public
assessed to be low, then risk stand point
the supporting
calculations have to be
well documented.

H. Evern Se 1. Transient-induced LOCAs 1. Millstone Unit 3 PSA
geloomen such as a stuck-open models the following

PORV and RCP Seal consequential failures:
LOCA after a loss of
offsite power (or loss of 1.1 Consequential Small
seal cooling) are LOCA due to a
important sequences and pressurizer PORV being
should be properly challenged and failing to
addressed in the PSA reset resulting in a small
event sequence LOCA
development

1.2 Systems responsible for
maintaining RCP seal
cooing fail leading to a
seal LOCA

1.3 A secondary side relief or
safety valve is opened
and fails to reset (i.e., a
steamline break).

2. The PSA event sequence 2. Operator actions such as
models should address *Operator Fail to
the time available for Establish Bleed and
operator actions. Feed', Operator Fail to
Especially important are Depresurize SGs',
the sequences where the Operator Fail to Isolate
time available to complete Faulty SG', are modeled
the actions may be short in the PSA.
compared to the time
necessary to complete Operators fail to establish
the task. sump recirculation is also

modeled.

M63&XWMO -3-
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Issue Issues Description Related Millstone Unit 3
[EPRI PSA Applications [EPRI PSA Applications (MP3) PSA Model

Guide, Appendix B] Guide, Appendix BI Assumptions

3. The PSA event sequence 3. In the development of
models should include all each sequence model,
relevant EOPs. relevant EOPs are taken

into consideration such
as Establishing Bleed
and Feed' and Isolating
Faulty SG'.

Ill. Systems Analvsis 1. As a minimum, the impact 1. MP3 PSA models HVAC
of room cooling on the including: ESF (train A
control room and and train B ventilation
switchgear (or relay) fails), charging pump,
rooms should be and CCW pump
addressed in the PSA. ventilation, AFW,

Mechanical Room
ventilation, service water,
screen house venrilation,
control building chilled
water, Switchgear and
DG room cooling.

2. Equipment operability 2. Equipment qualification
under harsh environment and operability under
during some sequences harsh environments are
such as conditions inside not addressed in MP3
the containment after a Level-I PSA. A very
LOCA. The PSA should limited consideration of
document whether or not, these issues is provided
equipment are qualified to in the Level-Il portion.
perform under degraded
conditions.

3. Batteries are standby 3. Millstone Unit 3 has
components whose useful dedicated a SBO Diesel
rife is limited usually to a generator.
few hours and should be
realistically credited in the
PSA models. This issue
is of concern for plants
that have no backups to
the preferred DC supply.

M63XW.OW8 -4-
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Issue Issues Description Related Millstone Unit 3
IEPRI PSA Applications [EPRI PSA Applications (MP3) PSA Model

Guide, Appendix B] Guide, Appendix B] Assumptions

4. In some PSAs, failure of 4. RWST rupture and failure
passive components are to open of check valves
assessed to be important are modeled in the MP3
and, therefore, are PSA. However, back-
included in the PSA leak failure of check
models. In such cases, valves is not modeled.
there is a concern that
modeling failures of Passive failures of
passive components may components were only
obscure other more modeled if failure
important contributions. resulted in loss of
Therefore, the PSA multiple trains and/or
should document why systems Ci.e., RWST
failures of passive isolation valve).
components are
important.

IV. Parameter Estimation *. Recommended ranges for 1. In MP3 PSA, the lower
unscheduled bound values of
maintenance unavailabiities are above
unavailability's: the recommended lower

bound values.
Turbine-Driven Pump Train:
0.01 - 0.05 In general, all

unavailability's are within
Motor-Driven Pump Train: the recommended
0.001 - 0.01 ranges.

Valves (MOVs):
0.0001 - 0.005

Diesel Generators:
0.005 - 0.05

Buses:
0.0001 - 0.001

Values outside these ranges
should be noted and the
reasons identified in the PSA.

MM3=XW9S -5-
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Issue Issues Description Related Millstone Unit 3
(EPRI PSA Applications [EPRI PSA Applications (MP3) PSA Model

Guide, Appendix B] Guide, Appendix B] Assumptions

2. Whether power breakers' 2. Circuit breakers are
are included in the modeled in the fault trees
component boundaries in (especially those for
the fault trees. pumps). More

significantly, the control
and motive power
sources to breakers were
modeled.

3. Component failure rates 3. To the extent possible, all
and unavailability's should component failure rates
reflect plant experience to and unavailability's are
the extent possible. MP3 plant-specific data.

Only, in those cases
where no plant-specific
data are available,
generic data are
employed.

V. Dependent Failures 1. As a minimum, CCF
should include:

1.1 Redundant standby 1.1 MP3 PSA model
pumps. considers CCFs of

redundant standby
pumps, redundant MOVs,
AOVs, and Cvs.

1.2 Redundant MOVs/AOVs 1.2 Circuit breakers are not
that change state. modeled for CCFs.

These are bounded by
the CCFs of the
associated pumps or
diesel generators MOVs
(for example: CCF of a
braker is an order of
magniture less than that
of pumps and MOVs).

63SXWasO -6-
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Issue Issues Description Related Millstone Unit 3
[EPRI PSA Applications [EPRI PSA Applications (MP3) PSA Model

Guide, Appendix B] Guide, Appendix B] Assumptions

1.3 Redundant breakers,
diesel generators.

1.4 Redundant check valves.

1.5 Any other components
that change state.

If they are not included the
reasonvs for not includino CCFs
between normally oneratino
components should be exolidtlv
livn.

2. Any PSA which has a 2.1 In the MP3 PSA model,
CCF event probability the beta factors for CCFs
which is less than 11100 are > 0.01.
of the single component
failure probability is - 2.2 Only for4/4 component
somewhat out of line, and CCF case, the beta factor
the reasons for this is S.OE-3.
justifications should be
carefully reviewed and 2.3 Most of MP3 PSA model
documented. CCFs eta factors are

based on the following
reference:

EPRI, 'Advanced Light
Water Reactor
Requirements
Document, Appendix A,
Rev. 0.0, June 1989.

M63MMWDS -7-
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Issue Issues Description Related Millstone Unit 3
[EPRI PSA Applications [EPRI PSA Applications (MP3) PSA Model

Guide, Appendix B] Guide, Appendix B] Assumptions

VI. Human Reliability 1. If pre-initiating event 1. Pre-initiating event
Analysis human errors (such as human errors (also called

failure to restore a system latent errors) are
to its correct configuration exclusively modeled the
following testing or fault trees. Furthermore,
maintenance, or only those latent errors
miscalibration) are that affect more than one
screened out, the basis system or multiple trains
for that decision should of the same system are
be documented. modeled. The two pre-

initiating human errors
considered are: manual
valve 3SILV1 (from
RWST) misaligned
closed and manual valve
3RHS'V43 misaligned
open.

2. Post-initiating event 2. Millstone Unit 3 PSA
human errors (i.e., models post-initiating
failures to perform event human errors
appropriate actions as (these errors are called
directed by the EOPs or type C errors) they are
AOPs) should be plant divided into two
and scenario specific. subgroups: Cp which are
Any human error those actions dictated by
probability (HEP) that lies operating procedures and
outside the following CRt which represents
recommended ranges recovery actions that may
should be reviewed: not be covered by

procedure.

Type C operator action
(OA) errors are quantified
by assigning a value
based on whether it is a
skill, rule, or knowledge-
based response:

MSaXW.oD -8-
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Issue Issues Description Related Millstone Unit 3
[EPRI PSA Applications [EPRI PSA Applications (MP3) PSA Model

Guide, Appendix B] Guide, Appendix B) Assumptions

Skill-Based: 5E-5 to 5E-3
Rule-Based: 5E-3 to 5E-1

2.1 Failure to intiate primary 2.1 Failure to initiate primary
feed and bleed: feed and bleed:
roe . 10 4 10'2

2.2 Failure to isolate ruptured 2.2 Failure to isolate ruptured
SG: SG:
le2 _ IO4 lr4 - lo-3

2.3 Failure to initiate 2.3 Failure to initiate
depressurization and depressurization and
cooldown (LOCAs and cooldown (LOCAs and
SGTR): SGTR):
lo, -10 10.2

2.4 Failure to switch over to 2.4 Failure to switch over to
recirculation: recirculation:
rot_104

-9-
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Issue Issues Description Related Millstone Unit 3
[EPRI PSA Applications [EPRI PSA Applications (MP3) PSA Model

Guide, Appendix B] Guide, Appendix B] Assumptions

3. Failure to address 3. Two rule files are
dependencies between developed for the
the individual HEPs that recovery analysis. The
may occur in the same first rule RULE18.TXT)
sequence cutset is a non- prohibit application of
conservative approach. multiple operator actions

within the same cut set
The second rule file
'RULEI1-2.TXT allows
multiple OAs to be
applied within a cut set.
This is necessary to allow
some cut sets, which are
otherwise too
conservative, to have
multiple recoveries.

4. Use of multiple recovery 4. Operator recovery
actions (i.e., equipment actions not placed within
repairs) in a single cut set an event tree are added
is not recommended and by a post-quantification
may unrealistically drive cut set manipulator called
down the core damage 'Recovery Expert@. This
frequency. In such cases, algorithm ensures that
the PSA should be multiple operator actions
carefully reviewed. are not added to the

same cut set.

VI1. Ouantficaion 1. System mission times 1. Millstone Unit 3 PSA
should be consistent with model considers a 24
the accident scenario. hours mission time
This is, mission times except for sequences
could be less than 24 such loss of offsite power
hours (which is normally and station blackouts
assumed in most PSAs). where less than 24 hours

mission time is used
(i.e., based on time-
dependent calculations).

M633XW D -10-
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Issue Issues Description Related Millstone Unit 3
[EPRI PSA Applications [EPRI PSA Applications (MP3) PSA Model

Guide, Appendix B] Guide, Appendix S] Assumptions

2. The methodology of fault 2. MP3 PSA follows the
tree linking is based on: fault tree linking

methodology as
2.1 ANDing the solutions of described under 2.2,

the fault trees. i.e., constructing and
solving a large fault tree

22 Constructing and solving created by ANDing the
a large fault tree created contributing system fault
by ANDing the trees.
contributing system fault
trees.

VIII. Ouantification of Plant In the fault tree linking Millstone Unit 3 PSA model
Damage States approach, the use of the delete accounts for the deletion term

term approach to accounting for as described in the EPRI PSA
the successes in event Applications Guide. For
sequences is necessary to example, in a given plant
assure that the correct cut sets damage state, if LPSI was
are generated. successful but other equipment

failed. Then, we delete any cut
This is of more concern for the set that represents LPSI failed
sequences associated with from the fault tree of that PDS.
plant damage states than it is The latter fault tree is formed by
for quantification of overall core ANDing all the fault trees that
damage frequency. =t represent equipment failures.
oerformino the deletion can
_ ive conservative results.

IX Analysis of Results Truncation limit has an impact MP3 core damage frequency is
on the importance evaluation 5.87E-SIRY and, therefore, the
such that events with high truncation limit would be 5.87E-
RAWs may be deleted. 9/RY.

The recommended truncation The current truncation limit in
limit is 1I below the baseline the MP3 PSA model is 1.OE-
CDF. 8/RY.

OWED -11-
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Issue Issues Description Related Millstone Unit 3
[EPRI PSA Applications [EPRI PSA Applications (MP3) PSA Model

Guide, Appendix B] Guide, Appendix BJ Assumptions

Sensitivitv Study.

The following sensitivity study
documents the impact of
lowering the truncation limit
from 1.OE-8 to 1.OE-9 on the
CDF and the number of
generated cut sets.

The results of this sensitivity
study shows that lowering the
truncation limit from 1.OE-8 to
1.0E-9 has resulted in
increasing the CDF by about
15% and the number of cut sets
increased from 571 to about
2600 cut sets.

x A Conservative success cniteria MP3 PSA model update follows
with respect to pressure based WCAP-1 1993 report entitled
on moderator temperature 'Assessment of Compliance
coefficient can make ATWS with A7WS Rule Basis for
more important than it should Westinghouse PWRs",
be. Dec. 1988.

If RRW of 1.005 or F-V of For ATWS events, the MP3
0.005, respectively, is used as PSA model conservatively
a measure of risk significance, assumes that fuel is at the
it could lead to some additional beginning of cycle. Based on
SSCs being identified as risk the WCAP-11993 discussion,
significant there are times during core

cycle for which an ATWS will
exceed 3200 psig, despite the
success of full AFW flow and
full PRZ valve response. This
would not be the case had
manual rod insertion (MRI) been
credited as an additional source
of negative reactivity. This
action was omitted for simplicity
and conservatism.

M63W808 -12-
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Issue Issues Description Related Millstone Unit 3
[EPRI PSA Applications [EPRI PSA Applications (MP3) PSA Model

Guide, Appendix B] Guide, Appendix B] Assumptions

Xl. Loss of Offshe Power RCP Seal LOCA model RCP Seal LOCA is a major
and Station Blackout assumptions: contributor to the MP3 core

damage frequency.
1. Should be clearly stated.

The MP3 Seal LOCA model
2. If it is not a contributor, assumptions are conservative -

the reasons why should that is, we assume RCP Seal
be determined. failure at time t = zero, given

failure of thermal barrier cooling
3. Are the reasons based on and failure of seal injection

plant specific design (i.e., no time delay is assumed).
features rather than the
adoption of an optimistic
model?

PW.MD -13-
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ENCLOSURE 3

MILLSTONE UNIT 3

EXAMPLE EXPERT PANEL MEETING MINUTES
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January 2, 1996 M emo
NE-96-SAB-003 B

To: Distribution -

fro=: E. A. Oswald ;QoEAD.

Subject: XM3 Risk-Based Inspection Expert Panel beoting
Ki-ntes- 12120/9S

The Millstone Unit 3 RBI Expert Panel meeting was called to
order on December 20, 1995, at 2:00 PH, in Conference Room
C-101 of Bldg. 475. A quorum was present. Meeting attendees
were:

R. Enoch M.Gharakhanian R. Schonenberg
R. West B. Covin P. Parulis
G. Gardner E. Oswald M. Smith

Elizabeth A. York, a Hartford Steam Boiler Authorized
Nuclear Inservice Inspector was also present. The meeting
minutes from the December 13 meeting were reviewed and
accepted with no major comments. The purpose of this
meeting was to have the Expert Panel review the Risk-Based
Piping Inspection System List and concur that all the
systems which are being evaluated for this program r being
evaluated, and to review the safety significance of piping
segments within the Emergency Generator Fuel Oil System
(EGF). Two piping segments from the High Pressure Safety
Injection System were also reviewed with the additional
information which had been requested in a previous meeting.

RB? Svstem Idertification

The Expert Panel reviewed the list provided in Attachment
1.0 to determine its completeness to this application. The
systems had been selected based on three criteria: 1) all
Class 1, 2 and 3 systems currently within the ASME Section
XI Program, 2) piping systems modeled within the PRA, and 3)
various balance of plant (non-nuclear-code class) fluid
systems determined to be of -importance.- Twenty-one systems
have been selected to be evaluated in more detail throughout
this process. In Attachment 1.0 Table titled "Evaluation of
Piping Systems for Exclusion in RBI Program," this system
list was originally provided by H. Covin of MP3 Operations
as systems which would result in a reactor trip. The Panel
reviewed and discussed the reasons for exclusion from the

M'%R,:bE% s1
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Program and accepted the final system list with further
investigation of one system, Auxiliary Steam. H.
Gharakhanian was concerned with the possible pipe rupture
within the Auxiliary Steam System. Millstone Unit 2 has a
problem with this system, in that an Auxiliary Steam pipe
rupture will result in impacting the Control Room HVAC
(habitability problem) and some MCCs. Further discussions
with the System Engineer, Ton LaFauci, determined that there
was no auxiliary steam piping in the vicinity of the Service
Building which houses the Control Room. Hence, this system
does not need to be addressed. Therefore, the Piping System
List has been finalized.

Emergencv Disual Puel svstem

The Emergency Diesel Fuel System (EGF) was divided into 4
segments (see Attachment 2.0). All of the piping segments
have a failure probability of less than l.OE-08. During
panel discussions, it was noted that the cross-connect was
credited, given a pipe rupture for EGF-1 and EGF-3.
However, once the cross-connect valve V13 (V14) was opened
and if the break was downstream of check valves Vl(V7) and
V3 (V9), the fuel oil would flow out the break. Therefore,
the consequences of EGF-1 and EGF-3 were changed to be the
same as EGF-2 and EGF-4 which is a loss of one Diesel
Generator. It was also noted that there is an external-
events impact associated with these piping segments. If the
pipe ruptures in the vicinity of the operating Diesel
Generator, there is a potential for a fire to result.
However, based on room separation of the DGs, the
consequence would be the loss of the operating Diesel. Based
on the relatively low consequence, the importance measures
are low - RRW of 1.0 and RAW of 176 (192). The Panel
concurred that these piping segments were less safety-
significant.

VPS1 PiiinQ Beinents 811-2 and S1-3

The High Pressure Safety System (SIH) was reviewed by the
Panel on November 15, 1995. A request for more information
was made at that time concerning piping Segments SIH-2 and
SIH-3. The consequence for these piping segments was a loss
of the RWST; however, the pipe rupture size was relatively
small (4" diam. pipe) and impacted only one HPSI train. The
Panel wanted to evaluate the time available to take possible
operator action, given there would be a flooding alarm and
possible pump runout on high amps. It was thought that the
switchover would be made earlier due to lower RWST level.
M. Gharakhanian from Safety Analysis performed a simplified
calculation which indicated that the RWST would be emptied
in 8 hours, given this break (1000 gpm).

Discussions within the group came to the following
conclusions:

2
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-

- The flooding alarm would be silenced after the initiation
of a LOCA, so it would be of little value.

- The RWST inventory which was lost out of the break would
be significant. This would result in a loss of sump
recirculation due to limited sump inventory.

- No operator action would be credited in injection phase of
the LOCA.

Therefore, based on the high consequence - loss of the RWST,
these piping segments were determined to be more safety-
significant. Refer to Attachment 3.0 for the HPSI System
Summary.

The next RBI Expert Panel meeting will be held on January 3,
at 2:00 p.m., in Bldg. 475, C101. We will be reviewing the
Reactor Coolant System. Please bring the packages already
sent.

EAO: cms

Distribution:

R. Enoch
N. Closkey (Westinghouse)

Distribution (w/o Attachments):

K.
D.
P.
J.
R.
R.

Covin
Beachy
Parulis
Wilson
Schonenberg
West

T.
R.
F.
M.
S.
G.

Kulterman
Rothgeb
Cietek
Powers
Sikorski
Gardner

T.
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B.
G.
Y.
D.

Hamlin
Smith
Roy
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Khalil
MacNeill

M.
D.
R.
A.
R.

Gharakhanian
McDaniel
Flanagan
Silvia
Rothgeb

CC (w/o attachments):

D.
K.

Weerakkody
Gerber
Hastings

M.
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Brothers
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M. Kai

T. Lyons
T. Shaffer
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