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Abstract

The current federal regulation to insure that pressurized-water nuclear reactor pressure
vessels (RPVs) maintain their structural integrity when subjected to potential pressurized
thermal shock (PTS) events during the life of the plant were derived from computational
models and technologies that were developed in the early-to-mid 1980's. Since that time, there
have been several advancements and refinements to the relevant fracture technology,
materials characterization methods, probabilistic risk assessment (PRA) and thermal-
hydraulics (TH) computational methods. Preliminary studies performed in 1998 (that applied
this new technology) indicated the potential that technical bases can be established to support
a relaxation of the current federal regulation (10 CFR 50.61) for PTS. A revision of PTS
regulation could have significant implications for plants reaching their end-of-license periods
and future plant license-extension considerations. Based on the above, in 1999, the United
States Nuclear Regulatory Commission initiated a comprehensive project, with the nuclear
industry as a participant, to revisit the technical bases for the current regulations on PTS.

This paper provides an overview and status of the methodology that has evolved over the last
two years through interactions between experts in relevant disciplines (TH, PRA, materials and
fracture mechanics, and non-destructive and destructive examination to predict distribution of
fabrication induced flaws in the belt-line region of the PWR vessels) from the NRC staff, their
contractors, and representatives from the nuclear industry. This updated methodology is
currently being implemented into the FAVOR (Fracture Analysis of Vessels: Oak Ridge)
computer code for application to re-examine the adequacy of the current regulations and to
determine if technical basis can be established for relaxing the current regulation. It is
anticipated that the effort will be completed in 2002.
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Introduction

In the late 1970's, a challenge to the integrity of embrittled reactor pressure vessels (RPV) was
identified that involved a rapid cooldown of the pressure vessel wall accompanied by either
sustained high system pressure or a subsequent repressurization of the system. This
challenge was termed pressurized thermal shock (PTS). Working from the state of the art at
that time for probabilistic risk assessment, thermal hydraulic analysis, vessel fracture analysis,
and material embrittlement estimation methods, the NRC staff developed one of the first
performance-based, risk-informed regulations to assure the safe operation of the pressure
vessel. The pressurized thermal shock rule, 10 CFR 50.61, established an embrittlement
screening criterion above which licensees would be required to demonstrate that their
pressure vessels could be operated safely. The screening criterion was derived using both
conservative deterministic analyses and risk concepts that established an acceptable
probability of vessel failure that implicitly considered the conservative nature of the
deterministic analyses [1-4]. The NRC subsequently developed Regulatory Guide 1.154 [5],
on the format and content of analyses that could be used to demonstrate the continued safe
operation of pressure vessels that would exceed the PTS screening criterion.

In late 1989 and early 1990, the staff and the licensee, for the now decommissioned Yankee
Rowe pressurized water reactor (PWR) plant, entered into an intensive evaluation of the
pressure vessel for the Yankee Rowe plant [6]. The staff had identified a high level of
embrittlement for the pressure vessel and both the licensee and staff turned to Regulatory
Guide 1.154 as a basis for evaluating the integrity of the pressure vessel. During the course
of that evaluation, the staff and industry identified a number of shortcomings and limitations in
the regulatory guide methodology; chief among them being the technical basis for the
fabrication flaw distributions used in the probabilistic fracture mechanics analyses. The
Yankee Rowe evaluation, as well as the earlier evaluations that had formed the basis for the
rule and regulatory guide, demonstrated that the way flaws were modeled, using 1970's non-
destructive examination (NDE) data and resulting Marshall flaw distribution [7], in the analysis
dominated the uncertainty in the calculated probability of vessel failure. Other variables were
also shown to be important, such as the embrittlement estimation methods, the fracture
toughness curves, and the thermal hydraulics calculations.

In the intervening years, the staff and the industry have worked both separately and jointly to
improve the data bases for the flaw-related variables and for the other key variables. Recent
analyses that combined these advances to evaluate the potential impact on acceptable levels
of pressure vessel embrittlement have shown that the significant levels of conservatism in the
screening criterion can be reduced.

The NRC has initiated a program to revisit the technical bases for the PTS rule and to,
potentially, propose a revision to that rule that would significantly reduce the unnecessary level
of conservatism in the rule. This effort has been undertaken as a full-participatory activity
where active participation by the public and industry in evaluating the changes in the relevant
technologies has been sought.

Since the completion of the earlier study, new information has resulted in an improved
analytical capability to evaluate PTS events. This includes improved embrittlement
correlations, greatly improved knowledge to estimate original flaw density, size, orientation,
and distribution, refinement of the probabilistic fracture mechanics code, improved
understanding of criteria for flow interruption and flow stagnation, and fluid mixing behavior in
the downcomer. This paper will describe the issues and the progress made in the areas of
probabilistic fracture analyses, thermal hydraulics, and probabilistic risk analyses, and the



plans for future work.

The Integrated Pressurized Thermal Shock (IPTS) studies were a series of studies performed
in the early-mid 1980's as part of an NRC-organized comprehensive research project to
confirm the technical bases for the pressurized thermal shock (PTS) rule, and to aid in the
development of guidance for licensee plant-specific analyses. The research project consisted
of PTS analyses for three PWR plants: Calvert Cliffs Unit 1 [2], designed by Combustion
Engineering; H.B. Robinson Unit 2 [3], designed by Westinghouse; Oconee Unit 1 [4],
designed by Babcock and Wilcox.

The primary objectives of the IPTS studies were (1) to provide for each of the three plants an
estimate of the probability of a crack propagating through the wall of a reactor pressure vessel
(RPV) due to PTS; (2) to determine the dominant overcoming sequences, plant features, and
operator actions and the uncertainty in the plant risk due to PTS; and (3) to evaluate the
effectiveness of potential corrective actions.

I. Probabilistic Risk Assessment Issues:

Occurrence of a significant PTS challenge to the RPV requires all five of the following
conditions: 1) rapid cooling of the primary system; 2) continuation of that cooling to a low
temperature; 3) maintenance of high primary system pressure, or repressurization; 4) presence
of a crack on or near the vessel's inner surface; and 5) significant irradiation embrittlement of
the vessel material at the crack's location, which makes the material fracture toughness
against brittle fracture to decrease substantially.

In order to cause the first three of these conditions, PTS events typically involve at least two
(and quite often more than two) of the following abnormalities: a) overfeed of one or more
steam generators; b) colder than normal feedwater to one or more steam generators (normal
and/or auxiliary); c) higher than normal steam flow from one or more steam generators; d)
excessive primary system pressurization by primary system charging pumps and/or safety
injection pumps; e) colder than normal primary system injection flow; f) a small break in the
primary system (SBLOCA) of such a size that significant primary system pressure can be
maintained by the charging and/or safety injection pumps.

1. Identification of Plants From Which PRA Results are Needed.

The set of plants analyzed for risk resulting from PTS challenges should cover the range that
presently exists of the various designs of the following systems, and of the variations that
presently exist among their various operational procedures and training programs.

A. Systems that Significantly Affect PTS Risk

All systems, including their control and indication subsystems, that can contribute to the
occurrence of any of the above abnormalities should be included in PTS risk evaluations.
Those systems include: a) the normal and auxiliary feedwater systems; b) feedwater heaters;
c) the steamline isolation system; d) the turbine flow control system; e) the steam pressure
control and relief systems; f) primary system charging systems; safety injection systems; and
g) primary system relief valves, letdown valves, and RCP seals (i.e., anything that can cause a
SBLOCA).

The relative importance of these systems, and why that relative importance is different among
the three plants that were analyzed in support of the original PTS rule, is discussed in some
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detail in the Oak Ridge National Laboratory (ORNL) Technical Letter Report [8].

Dozens of such interactions, compensating effects, etc., are discussed in the ORNL letter
report [8]. The type of systems understanding discussed in the letter report (i.e., of the
reasons why certain systems are important on some plants but not so much on others), is
necessary (ideally, that understanding should be extended to include all U.S. NPP designs,
not just the original three plants that were analyzed for their PTS risk) to enable competent
selection of a small set of plants whose PTS risk will cover the range present within the entire
family of U. S. NPPs.

B. Operational Features that Significantly Affect PTS Risk

If a nuclear power plant is operated according to its procedures (normal, abnormal, and
emergency), there is essentially no chance that a PTS-related challenge to vessel integrity will
occur. It requires a combination of equipment failure and departure from those procedures
(i.e., a human error or errors) to place the plant in a condition where the first three of the above
five conditions (Section I) exist simultaneously.

Therefore, the plant's procedures, the plant personnels' training and experience, and the
overall plant "safety culture" should be considered as an integral part of the PTS risk
evaluation at any plant.

The effects of operator interventions, or the lack thereof, are also discussed in the above
referenced ORNL letter report (thus, the comments made above regarding that report are also
applicable to the subject of operational features).

It is anticipated that the Calvert Cliffs-1 and Oconee-1 plants from the set of three IPTS plants
previously evaluated for PTS risk [2-4], along with the "generic" analyses that were performed
to provide the initial basis of the PTS rule (Attachment-A to SECY 82-465 [1]), and the
Palisades (Combustion Engineering) and Beaver Valley-1 (Westinghouse) plants are expected
to adequately represent the scope of the above design and operational features of U.S. PWR
plants. If not, hypothetical changes could be assumed for one of those plants in its design or
operation, and that "hypothetical" plant could then be re-analyzed to more adequately cover
any "holes" found in the set of analyses. In any case, it is necessary to conclude one of the
following: that the present plants adequately cover the spectrum; or that certain hypothetical
changes need to be assumed during a re-analysis (e.g., the HBR "hypo" plant previously re-
analysed with a more embrittled vessel [3]).

2. Identification of Transients That Contribute Significantly to PTS risk.

Each plant analysis should identify all sequences that significantly contribute to PTS risk. The
sequence and timing of all equipment failures and personnel errors that cause (i.e., initiate or
exacerbate) each event should be specified. This will largely be provided by the four previous
PTS PRAs, but there may be certain areas that should be revisited in a carefully selected
manner.

For example, proper application of the ATHEANA human factors methodology could contribute
to a better understanding of conditions that could significantly affect (i.e., initiate, exacerbate,
or mitigate) the chance of a PTS event given those conditions (i.e., those "shaping factors").
Many such "shaping factors" may be hidden in the "balancing act" between the conflicting
requirements of cooling the core and not overcooling the vessel. Proper personnel training
and experience is vital to enable both goals to be met with an extremely low failure probability.
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It can make a significant difference whether the most recent industry (or plant specific)
precursor event, and the retraining that often follows such events, was an overcooling or an
undercooling precursor. The most recent event will be the one most likely avoided, at the
possible expense of making the opposite event more likely to occur.

Application of ATHEANA to a limited number of carefully selected situations should be
considered as part of this PTS rule re-evaluation. It is anticipated that any ATHEANA
analyses will be conducted on a separate path (not part of the critical path for the PTS rule re-
evaluation), and any applicable results of those analyses will be incorporated (i.e., included in
the total PTS-related risk for the applicable plant or plants) as they become available.

3. Identification of Significant Design or Operational Changes Made to Plants
Previously Analyzed for PTS Risk.

Design and operational changes are being considered by the NRC staff with technical support
from a contractor (INEEL), and separately by a nuclear industry group which includes a
representative from each of the four previously PTS-analyzed plants. These separate
considerations will be integrated as discussed in Section I.3.C.

A. Recommendations will be developed, under INEEL's contract, concerning the manner and
extent to which the earlier PTS/PRA analyses should be modified to support the revised
PTS rule.

B. Preliminary discussions with the industry representatives from the four PTS analyses
plants are being held to determine if system level changes have been made in these plants
to make their final PTS risk more restrictive.

C. The findings in Sections I.3.A and 1.3.B will be integrated and recommendations will be
made regarding the transients to be analyzed/re-analyzed for each of the plants under
consideration to support the development of revised PTS screening criteria. These
recommendations will be based upon consideration of: 1) changes to the plants and the
plant risk models; 2) review of operational data; 3) changes to PRA methods, tools, and
practices since completion of earlier studies.

4. Conduct of Revised PTS-PRA Calculations (if necessary)

A. For the plants selected in Section 1.1, with the transients specified in Section I.2 (including
any additional transients or modifications to previous transients recommended), and
including any input from significant changes identified in Section 1.3, the revised PRAs will
be conducted.

B. The result of each PRA will be specification of the sequence and (in a broad sense) the
timing of all equipment failures and personnel actions that affect each transient that should
be considered by this effort to revise the PTS screening limit.

5. Conduct of TH Analysis to Determine Input to PFM Analysis.

A. The above PRA results will be "binned" into groups that are expected to have similar
thermal hydraulic characteristics (i.e., pressure/temperature histories). This may require
some form of preliminary TH calculations in order to facilitate the TH binning (i.e., from the
Section l.4.B-specified sequences of events, the TH characteristics may not be sufficiently
obvious to facilitate efficient determination of the more detailed TH calculation that is
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needed for each of the several bins).

The total number of bins (i.e., the total number of detailed TH calculations) will be
determined from optimization of calculation costs and the amount of conservatism that can
be tolerated in the final revised PTS screening criterion. The larger the number of bins,
the greater the cost, but the closer the "fit" between individual transients and their bin's
conservatively representative TH calculation and the smaller the unnecessary
conservatism.

B. The above specification of transients; their preliminary calculation and binning; the final,
detailed TH calculation for each bin; the uncertainty in the TH results; and the final content
of each bin (which transients are finally included within each bin) will be the subject of
iterations between the PRA and the TH analysis groups.

II. Thermal Hydraulics Issues:

A comprehensive search for scenarios which are both probabilistically credible and physically
significant is necessary. This requires input from PRA and feedback from thermal hydraulics
and fracture mechanics to determine not only the probability of occurrence of a given
sequence but also its risk significance. Scenario screening must integrate the knowledge from
the three disciplines of PRA, thermal hydraulics, and fracture mechanics.

The task of the thermal hydraulics work is to provide the downcomer boundary conditions for
the fracture mechanics analysis. The boundary conditions of interest are time-dependent
system pressure, fluid temperature in the downcomer, and the convective heat transfer
coefficient, h, from the fluid to the wall. Estimates of the uncertainties in these values are also
required. It has been shown, however, that the uncertainty in the convective heat transfer
coefficient is of lesser interest since the heat transfer process is conduction limited [9].

System pressure is a global parameter that is more or less based on the equation for
conservation of energy. In comparisons between code and experiment, the codes normally
predict this parameter reasonably well, providing the break flow calculation is reasonably
accurate. The fluid temperature in the downcomer is somewhat more difficult to predict. The
1-dimensional formulation for pipe flow means that the code calculates perfect mixing in pipes.
For the downcomer, 2-dimensiona! behavior can be approximated, but care must be taken with
RELAP to avoid excessive numerically predicted (but not physically realized) mixing using
parallel channels with cross flow junctions.

The IPTS study and subsequent experiments and analysis have indicated that PTS scenarios
can be categorized as follows:

A. Transients in which loop flow is sustained. In such cases no thermal stratification
occurs in the cold leg, the downcomer is well mixed, and the downcomer does not cool
substantially from its normal temperature of approximately 540 °F. Such transients
include small break LOCAs where the break is sufficiently small that it along with HPI
are insufficient to remove decay heat. For such events, the primary side pressure
remains slightly above the secondary side pressure.

B. Transients in which loop flow stagnates. For these events the combination of break
and HPI flow are sufficient to remove decay heat. The primary system temperature
drops below the secondary side temperature and loop flow ceases. Cold leg
stratification occurs and the downcomer cools according to relatively simple
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conservation of mass/energy relations where the flow into the downcomer consists of
HPI flow and the flow out of the downcomer is related to the break flow.

C. Flow stagnation is possible in ways not envisaged in the IPTS study. First, all loops do
not stagnate at the same time. Rather, they stagnate sequentially based on small
differences in steam generator secondary conditions, geometry, or other factors.
Secondly, some plants are of "2 x 4" configuration. Typically, one of the two cold leg
return lines from a given steam generator will stagnate before the other.

D. Transients in which loop flow stagnates, and the break is sufficiently large for the
system to depressurize below the accumulator pressure. This pressure is 600 psi for
Westinghouse and Babcock & Wilcox plants, and 200 psi for Combustion Engineering
plants. Because of the lower pressure of the Combustion Engineering plants, this
event category is not expected to be applicable. For the other plants, however, the
accumulators have the potential to inject much higher flow rates and cool the
downcomer substantially more. Therefore, even though the system pressure is lower,
this category of events cannot be disregarded for fracture analysis.

There are certain inherent limitations in the codes used to analyze the PTS events. The one-
dimensional formulation of flow in pipes precludes any treatment of two fluid temperatures,
such as thermal stratification. This led to calculation of unphysical flow oscillations in the
original IPTS study. Secondly, the plume behavior in the downcomer and the momentum
solution is generally of limited accuracy.

1. Current and Planned TH Activities

The TH plan of work is as follows:

A. Foremost, to ensure that for the risk significant events, the thermal hydraulic inputs are
still operative. These are: system pressure, downcomer fluid temperature, and
convective heat transfer coefficient, all as a function of time and with uncertainty
estimates. It was noted earlier that the fracture mechanics calculations are not
particularly sensitive to the value of the convective heat transfer coefficient. System
pressure is normally calculated reasonably well. A mixed mean downcomer
temperature can be calculated with good accuracy. For each plant, about 4
calculations are envisaged using TRAC or RELAP.

B. To support this effort, the former IPTS results will be reviewed in detail to determine
their continued applicability. The cases that need to be updated will be determined
(see detailed discussion in Section I). The phenomenon identification and ranking
table (PIRT) process [10] will be utilized to define sensitivity studies to be performed to
estimate uncertainty bounds.

C. Industry input will be obtained to ensure that the basis for the IPTS analysis in terms of
plant design, control systems, and operator procedures is correct.

D. Information on loop flow stagnation will be updated to reflect current understanding.
The Oregon State University facility will be used to generate PTS-specific data.

III. Probabilistic Fracture Mechanics (PFM) Issues:

In the years since the results of IPTS studies were published, the fracture mechanics



OGOO
models, the embrittlement database and embrittlement correlation, inputs for flaw
distributions, and the probabilistic fracture mechanics (PFM) computer code have been
refined. A major objective of present technical bases development activities is to
determine the synergistic impact of these fracture-technology refinements together with
updated PRA and TH systems analysis results on the probabilities of through-wall
cracking failure of RPVs calculated for the earlier PTS studies. Developments in the PFM
methodology are being implemented into the FAVOR (Fracture Analysis of Vessels: Oak
Ridge) computer code.

1. Flaw Size and Flaw Density Distributions

It has been previously recognized that the flaw-related data have the greatest level of
uncertainty of the input data for the IPTS plant studies [2-4] required to perform a PFM
analysis of a RPV subjected to transient loading conditions such as PTS. In addition, in all
previous analyses, all flaws were conservatively assumed to be located at the inner-surface of
the vessel. To reduce the flaw related uncertainties and conservatism, the NRC has supported
research to establish a better technical basis for estimating the flaw related data in the RPV
material. The objective has been to determine the number, location, and sizes of flaws in the
vessel material which are important input data into PFM analyses. One such research effort
made use of an actual unused PWR vessel, named Pressure Vessel Research User Facility
(PVRUF), which was located at the Oak Ridge National Laboratory. The Pacific Northwest
National Laboratory (PNNL), under contract to the NRC, has performed extensive
nondestructive examination (NDE) and selective destructive examination (DE) of weld and
adjacent base-plate materials taken from the PVRUF vessel [11]. While there was a
considerably higher number of flaws found in PVRUF than had been previously postulated in
the IPTS analyses, all flaws were sub-surface (embedded), i.e., no surface-breaking flaws
were found.

The flaw size and density distributions [11] for PVRUF weld material are planned to be further
supplemented with NDE/DE data from other RPV weld materials from the Shoreham (boiling
water reactor) and River Bend and Hope Creek (PWR) vessels. An expert judgment process
has been completed [12] to estimate generalized distributions of flaw densities and sizes in
weld metal, base-plate and cladding materials when NDE/DE data is unavailable. The
generalized flaw distributions and their uncertainty bands will be used in PFM analyses.

2. Revised Irradiation Embrittlement Correlations

The embrittlement correlations in Regulatory Guide 1.99, Revision 2 [13], that are used in
predicting the increased embrittlement over the life of the vessel (irradiation induced shift in
RTNDT).

 w e r e based on analysis of Charpy data available in 1984. Since then, a large body of
additional Charpy surveillance data have become available, and the understanding of
embrittlement mechanisms has advanced. The resulting improved embrittlement correlations
have recently been published [14]. Further refinement in the embrittlement correlation are
being developed [15] to include more recent embrittlement data, effect of long irradiation
exposure time at vessel normal operating temperature, and statistical uncertainties in the
predicted shift in RTNDT.

3. Revised K1c, K1a Fracture Toughness Curves

Inclusion of upto-date available additional cleavage crack initiation toughness, K1c, and crack-
arrest toughness, K1a, data that satisfy linear-elastic fracture mechanics validity criteria per
ASTM standard E-399, beyond what has been available in the ASME, Section XI, K1c and K1a,



curves has recently been carried out [16] in continuing development of statistically more robust
and physically-based toughness curves in the ductile-to-brittle fracture transition temperature
range, and associated uncertainties for the RPV materials. Also, development is underway on
rigorous methodologies for crack initiation, arrest, re-initiation and final failure.

4. Improvements in Fracture Mechanics Methodology

A number of significant improvements have been made, or being presently being carried out, in
fracture mechanics analysis procedure that can be used efficiently in repetitive deterministic
computation in which input variables are selected from a probabilistic distributions. Notable
among them are:

1. Reviewing plant-specific weld and base-plate material chemistry (nickel and copper
weight percents) and the initial RTNDT data for each plant considered in the PTS
studies and determining appropriate statistical distributions and associated
uncertainties, for use in PFM analyses.

2. Stress intensity factor, K, solutions for semi-elliptical surface flaws of aspect ratios (=
flaw depth/length) 2, 6, 10 and infinity that have been determined for the cladded-RPV
using finite element computations in which the applied thermal and pressure induced
stresses are decomposed into third-order polynomials.

3. The effect of clad to base-metal differential thermal expansion induced residual stress
is determined from a more realistic, experimentally measured data.

4. Stress intensity factor, K, solutions for fully-elliptical sub-surface (embedded) flaws,
(with aspect ratios of 2, 6 and 10) determined using an ASME Section XI methodology
which has been validated selectively by finite element computations.

5. Inclusion of weld residual stresses distribution through-thickness in an RPV, that are
determined from measurements in an actual vessel and analysis, for use as an applied
loading.

5. Beltline Vessel Fluence Calculations

An accurate calculation of fluence values in the RPV beltline region is very important for
determining the effect of irradiation embrittlement on fracture toughness of the vessel
materials. As such, fluence calculations for each of the plants is based on up-to-date
information of the plant's cycle by cycle fuel loading history. Also, by using fluence calculation
methods proposed in draft regulatory guide DG-1053 [17], the uncertainties in the determined
best-estimate fluence values at the vessel inner-surface can be minimized.

5. Recent PFM Analysis Results

Application of PFM analysis advancements was made recently to an IPTS plant study [18] to
determine the effect on the frequency of vessel failure (= probability of through-wall cracking
failure per reactor year of operation). It was found that there is an order of magnitude reduction
in the frequency of vessel failure when improvements, such as the flaws are distributed
through the vessel thickness (rather than being conservatively assumed to be located at the
inner-surface of the vessel), as per flaw distribution found in PVRUF vessel welds, revised
embrittlement correlations, and the PFM analysis methodology are used.
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IV. Uncertainty Analysis and Quantitative Risk Acceptance Criterion

A comprehensive uncertainty analysis procedure is being developed to account for uncertainty
in each of the statistical variables in PRA, TH and PFM areas. Recommendations regarding
appropriate quantitative PTS risk acceptance criterion will be re-examined that are based on
the frequency of through-wall cracking (= probability of through-wall cracking failure per
reactor years of operation), reactor core damage frequency (CDF), and large early release
frequency (LERF) criteria in light of more recent policies on PRA acceptance guidance such as
the Safety Goal Policy Statement and RG 1.174 [19].

V. PTS Re-Evaluation Plan

A comprehensive plan is being developed to provide a technical bases to re-evaluate the PTS
screening criteria and 10 CFR50.61 PTS rule, which involves interdependent activities in PRA,
TH and PFM areas. Figure 1 shows a flowchart of significant activities underway in each of
the major technical disciplines. Involvement from the public and the industry is strongly taking
place at each step of the technical activities. Presentations to the NRC Advisory Committee on
Reactors Safeguard is being carried out at regular intervals to seek and implement their
recommendations during the entire technical bases development process.

Concluding Remarks

The NRC has initiated a program to revisit the technical bases for the PTS rule and to,
potentially, propose a revision to that rule that would significantly reduce the unnecessary level
of conservatism in the rule. This effort has been undertaken as a full-participatory activity
where active participation by the public and industry in evaluating the changes in the relevant
technologies has been sought. Since the completion of the earlier studies, new information
has resulted in an improved analytical capability to evaluate PTS events. Results from recent
preliminary evaluation are encouraging in trying to substantially reduce the conservatisms in
the PTS screening criteria and in developing a comprehensive risk-informed performance
based methodology to perform structural integrity analysis of vessel to determine plant risk for
potential PTS events, and what potential mitigative actions could be taken to alleviate this risk.
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Figure 1: Major Activities in Each Technical Discipline to Revise U.S. Pressurized Thermal Shock Regulation
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