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ABSTRACT

This compilation contains 54 ACRS reports submitted to the U. S. Nuclear Regulatory
Commission (NRC), or to the NRC Executive Director for Operations, during calendar year
2001. In addition, a report to the Commission on the NRC Safety Research Program,
NUREG-1635, Volume 4, is included by reference only. All reports have been made
available to the public through the NRC Public Document Room, the U. S. Library of
Congress, and the Internet at http://www.nrc.gov/reading-rm/doc-collections. The reports
are organized in chronological order.
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PREFACE

The enclosed reports, issued during calendar year 2001, contain the recommendations and
comments of the U. S. NRC's Advisory Committee on Reactor Safeguards on various
regulatory matters. NUREG-1125 is published annually. Previous issues are as follows:

Volume Inclusive Dates
1 through 6 September 1957 through
December 1984
7 Calendar Year 1985
Calendar Year 1986
9 Calendar Year 1987
10 Calendar Year 1988
11 Calendar Year 1989
12 Calendar Year 1990
13 Calendar Year 1991
14 Calendar Year 1992
15 Calendar Year 1993
16 Calendar Year 1994
17 Calendar Year 1995
18 Calendar Year 1996
19 Calendar Year 1997
20 Calendar Year 1998
21 Calendar Year 1999
22 Calendar Year 2000
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January 11, 2001

The Honorable Richard A. Meserve

_ Chairman ,

" U.S. Nuclear Regulatory Commission
Washingten, D. C. 20555-0001

Dear Chairman Meserve;

SUBJECT " ISSUES ASSOCIATED WlTH lNDUSTRY-DEVELOPED THERMAL-
HYDRAULIC CODES

We are respondlng to the Staff Requirements Memorandum dated November 7, 2000.
[Reference 1], in which the Commission requested the ACRS to provide a more detailed
discussion on how the perceived weaknesses with industry-developed thermal- -hydraulic codes
may adversely affect the NRC's regulatory role and to provide more speclf ¢ recommendations
on how these weaknesses should be addressed. )

_ In the Background Section we explain why thermal-hydraulic codes are of high topical interest to
‘the ACRS and the Commission. We then respond to the Commission’s question about the
‘effects of thermal- hydraulic codes on NRC's regulatory role. Finally, we list several specific
recommendations which are cross-referenced to a discussion in the appendix. The bases for the
recommendations are also included in the appendlx along with speclf c items on slides cited by

‘ the Commission in its SRM [Reference 2]. -

Background

Thermal- hydrauhc codes have been used for decades. Most of these codes have mcluded

. deliberate conservahsms or bounding assumptions to address uncertainties in the models. The

* codes have proven to be adequate to satisfy regulatory requirements, when used with
appropriate conservatism and judgment and when extensively examined by the staff. The efforts
by the industry to improve the performance of its plants (by power uprates for example) and the
efforts to reduce unnecessary burden pose new challenges to the use of these codes. Itis no
longer sufﬁcuent for a code to make conservative predictions; there is an increasing need for

“realistic” predictions. In the case of new reactor designs, a lack of confidence in the proper

application of first principles may require additional testing and benchmarking to establish
regulatory confidence.

. The rep!acement of conservatlve codes by reahstlc (best-eshmate) codes raises a number of

" questions such as: . -
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. How is the degree of realism to be measured?

. How do approximations, qu_e!s. and a§sumptions affect the result§?

. How are these approximations related to measures of realism such as bias and
uncertainty?

. What other qualities, such as completeness and flexibility, are desirable in these codes?

When codes are relied upon to predict success criteria for risk analyéis and to justify changes in
regulations, further questions arise such as:

. Is the code giving the wrong answer and what is the impact of the result?

. If conservatism is reduced, what measure of confidence in code predictions is needed to
ensure that adequate safety margins are preserved?

. Should more rigorous comparisons with data (assessmenfs) be required? How mil;h
do these comparisons depend on the nature of the regulatory decision to be made?

. What is the effect of model uncertainty in the thermal-hydraulic codes on conclusions to
be drawn from PRAs?

- The Commission needs to be assured that the staff can respond to these sorts of questions and
has the insight to pose others that may be important. The agency also needs to have a good
perspective of the capabilities and limitations of codes and théir modes of use so thatitis on

: sure ground as it makes decisions. .

We have recently been involved in reviewing realistic codes submitted by developers and these
reviews are continuing. We have also reviewed a new Draft Regulatory Guide (DG-1096)
[Reference 3] and Standard Review Plan Section [Reference 4]. We have learned some *
lessons and made some observations that were the background for our presentation to the
Commission on October 6, 2000. At that time, we did not make specific recommendations. The
recommendations that we now make are mostly for staff actions in response to the situation as
we see it today. -The final recommendation addresses the changing regulatory environment in a
more general way, but is perhaps the most important of all. ' '

i 'Before presenting o;.:r recommendétions, we address the question of how the perceived ]
weaknesses of the thermal-hydraulic codes may affect the agency’s regulatory role.

Effects of Codes on NRC’s Regulatory Role

Traditionally, codes have been used to predict the behavior of plants under design basis and
beyond-design-basis conditions. .Because of the limitations of these codes there is a probability
that their predictions may be wrong; in other words; a better code would lead to a different -
answer to a safety question. The traditional approach has been to account for uncertainty
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through conservatism and additional safety margins, thus giving added assurance that the
prediction of success is valid.

In contrast to the traditional approach, risk-informed regulation is based on realistic analysis and
seeks to avoid undue conservatism. Codes are used to evaluate success criteria for risk
analysis. With this approach, the uncertainties must be explicitly taken into’account to provide a
desired level of confidence in the results. Similarly, power uprates will depend on the ability of
more realistic codes to justify the reduction in conservatisms required to provide the necessary
margin. .

Because the theoretncal basis of two-phase flow thermal-hydraulic codes is mcomplete
significant uncertainties in predictions are expected. They can be reduced by developing better
models, and better quantified by more extensive experiments. 'If the theoretical basis is weak,
more experiments are needed to support empirical correlations and to estabhsh the
uncerlalntles -

Y

The key question is: *What quality of codes is needed to support regulatory declssoins'P' The
rational measures of “quality” are the uncertainties |n the code predlctnons and the influence
these uncertainties have on decisions. ’

Our concern is that codes may not have sufficient quamy to support decisions that the

- Commission has to make. More specifically, poor quality codes may restrict the degree to which
the regulations may ‘confi idently be risk informed and the extent to Wthh conservatism may be

reduced. . .

The use of thermal-hydraulic codes affects the performance goals of the agency in the following
ways: .

. Maintain Safety o -
* ' . , . 3 - <
f uncertainties in code predictions are not adequately understood and addressed safety

may be (unwittingly) compromised.

ve Increase Public Confidence

Excessive uncertainties, errors, and unjustified asshmptlons in codes reduce public
confidence, and more importantly the confidence of the mformed technlcal community,
© including the NRC staff and the users ‘of the code

. Increase Effi cnency and Effectweness

#

Weaknesses in code documentatlon and validation lead to lengthy negotnat:ons between
the staff and the apphcant and substantlally increase the tnme and effort for
decisionmaking

" Poor theory leads to requirements for more extensive experimental evidence.

!



Reduce Unnecessary Burden

Large uncertainties in code predictions lead to conservative decisionmaking in order to

maintain assurance of safety. This imposes burdens that better predictions might show
to be unnecessary.’ ‘ . .

Recommendations

(The item numbers in the appendix to which these recommendations respond are given in
parentheses.) . : - :

1.

i

- To ensure that tl;e codes cab’meét bre;ent and an’ticip'ated’st;nda.rds of quality:

The staff éhoul&i rﬁaﬁe clear that standards to be applied to docﬁmentaﬁon of proprietary
codes are the same as for codes generally accessible to public scrutiny (items 2, 10, 11,
14). , , “~

The staff must continue tjc\frequii'e that vendors and licensees supply working versions of
the codes for internal NRC use and evaluation (tems 6, 7, 12, 18).

The staff should recérﬁmend how improvements can be more readily incorporated into
codes (items 1, 20, 21). g

To promote more effective evaluation of the codes:

4,

The staff should cBﬁtimfe de;éloping its own therméi-hydraulic code, making it more
reliable, flexible, and easy to use (items 1, 9, 17, 19).

The staff should examine ways in which the process of evaluation and assessment of
proprietary codes can be made more publicly accessible and scrutable (Items 2, 11, 12,
14, 19).

The staff, perhaps in cooperation with an industry-supported entity such as the Nuclear
Energy Institute (NEI), should undertake an authoritative study assessing when, how,
and why codes produce reasonable results despite numerous assumptions and
simplifications.” This study should include measures of code strengths and weaknesses
and include an assessment of circumstances under which the shortcomings of the codes
may have significant influence on regulatory outcomes (items 1, 3, 4, 5, 19).

The staff should take steps to ensure that the éxisti}mg data base for thermal-hydraulic
code evalu‘ationﬂis preserved in accessible form (Items 4, 8, 12, 16).

To ensure that ’fhe codes meet anticipated regulatory requirements:

8.

The staff should consider how definite measu.res'f:f code quality, such as bias and
uncertainty in predicting significant phendmena and success criteria, can be more .
specifically required as outputs from the code assessment process (ltems 8, 12).
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S. The staff should investigate and recommend how uncertainties in code predictions can be

best quantified to be suitable for incorporation into risk-informed regulation (items 8, 12,
13, 15). ) ' ) ) . . )

10.  The staff should reeyaluafe the design specifications for the outputs of codes and their
relationship to present and anticipated regulatory requirements (item 6, 7, 8, 13, 22).

xSinoaréIy.

‘ r" | h . | ° \ , ' &. ;Fe - -
: - Dana A. Powers V
Chairman
References: - , ‘
1." Memorandum dated November 7, 2060, from A. L. Vietti-Cook, Secretary, to J. T. Larkins,
- ACRS, Subject: Staff Requirements, Meeting with Advisory Committee on Reactor
Safeguards, October 6, 2000, Commissioners’ Conference Room, One White Flint North,
‘ Rockville, Maryland, (M001008B). R :
2. Slide presentation during ACRS Meeting with NRC Commissioners on October 6, 2000,
" “More Realistic Thermal-Hydraulic Codes.” L S o
3. U. S. Nuclear Regulatory Commission, Draft Regulatory Guide, DG-1096, *Transient and
Accident Analysis Methods,” dated July 18, 2000.- - i

4. U.S. Nuclear Regulatory Commission, Standard Review Plan Section 15.0.1 (subsequently
changed to 15.0.2), "Review of Analytical Computer Codes,” dated April 14, 2000.

Attachment: Appendix



Appendix

r

Diécussion of the sbeciﬁé points raised in the ACRS élidéé addressing issues associated with- -
industry-developed thermal-hydraulic codes is provided below.

1. Many codes have the same ancestry, including a 30-year old foundation

Several codes are derivatives of the RELAP series, going back to developments at Aerojet
Nuclear Corporation (ANC, now INEEL) in the late 1860s, with influence from the Bettis FLASH
code. Several assumptions were made at a fundamental level in order to produce equations
that could be solved with the computer technology of the time. These assumptions introduced
errors and uncertainties that have not been quantified for general purposes, though for some
applications the results appear to be adequate. For example, the staff responded [Reference 5]
in 1972 to a “controversy concemning the momentum equation” by saying:“ We find that the
relatively few assumptions made by ANC (in the RELAP3 code) can all be justified in LOCA
analysis. There may be further simplifying assumptions which could be justified. However,
there is no adequate basis now available to us for judging the adequacy of the assumptions
implicit in the momentum flux representations used in the four vendor evaluation models.”

In the Water Reactor Evaluation Model report [Reference 6], the staff lists several options of the
momentum equation, each of which is unrealistic to some degree, as a basis for modeling real
reactor components. Dr. Novak Zuber, an ACRS consultant who was an'AEC staff member at
the time, informs us [Reference 7] that in 1974 he reviewed RELAP4 and concluded that its
momentum equation was incorrect. It was not corrected at the time because the effect on peak
clad temperature for a large-break LOCA appeared to be small. Emphasis in the subsequent
decades seems to have been on getting codes to run and introducing correlations to describe
the details of the phenomena without reviewing the basic equations and their limitations.

Some of the original controversial, or at least approximate, equations are still in use, sometimes
expanded or rederived by unconvincing methods. Some of the examples used to illustrate
them appear to be incorrect, decreasing the confidence of a reviewer in the approach used.

The point here is that there is a long history of decisions having been made to accept what was
perhaps the best available or “adequate” mode!, despite what appear to be fundamental errors
in the basic formulation; the consequences, as the uses of codes expanded, were not well
understood.- .

One consequence of this common ancestry is that if the NRC code has the same basic
assumptions as a vendor's code, and no attempt is made to investigate alternatives, then a

dimension of “independence” may be sacrificed. :
2. Designed specifically for nuclear applications. Not commercial or academic.

Computer methods have evolved rapidly in recent decades in all branches of science and
engineering. An example is computational fiuid dynamics (CFD) codes that are now widely .
used by industry and universities. Feedback from users and continual upgrading by code
vendors spurs development, corrects faults or limitations, and improves capabilities and
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accuracy. Since the basis of these codes is transparent, or is available to the more
sophisticated user, errors and shortcomings are discovered and |mprovements are made at
many levels of detail.

. In contrast, nuclear codes, particularly those that are treated as propnetary, have not been
subject to such public scrutiny. The mdustry has been reluctant to improve the codes, even
when this is desirable, perhaps because of the requirements for regulatory rev:ew and the cost
of Ircensrng changes. - ‘

3. - Contain many assumptions, idealizations, “best-shot” estimates, and user
choices. .
Code documentation is usually presented so that the derivations appear to follow a logical
thread based on sound fundamentals. Despite increases in computing power, it is still .
necessary to introduce assumptions. Sometimes assumptions are explained, but often they are
not justified by further rationale. Other assumptions may be inherent in the derivations but are
not acknowledged and are only apparent if a reviewer makes the effort to understand what is
‘being done. It may then be discovered that the derivations have a much less authontatlve base
thanis rmphed by the text. .

For example, most codes make use of a flow reglrne ‘map defi mngﬁ how the tyvo-pha.se flow
pattern changes from “bubbly” to “annular” (a'liquid film on the wall) to dispersed droplet regumes
as the fraction of vapor increases. ] .

These flow regimes are dependent on the geometry of the devices through which the fluids flow.
For instance, they are different for bends and inclined pipes. They are also considerably
influenced by conditions upstream and downstream of the component under consideration. For
- example, if fluid is introduced into a pipe along the wall, it may take a consrderable distance
before it is entrarned mto an estabhshed droplet pattem

Even the many flow regime maps available for two-phase ﬂows in Iong strarght prpes are often
not compatible with each other, and data can always be found that disagree with the best
versions. . ‘ .. s .

There is little record that flow regimes have actually been measured and the results compared
with predictions for reactor system components such as rod bundles, downcomers, or the upper
and lower plenum of a reactor vessel. The sensitivity of predictions to the choice of flow regime
boundaries is usually not investigated. The choice of a simple universal flow regime map as the
“basis for a code represents a huge simplification that can only be justifi ied by arguments that it
“works” well enough for the purpose of predicting some overall parameter of interest under
some specific circumstances. Under other clrcumstances such as a design chanhge or.a new
concern (such as boron dilution) in which other regnmes could play a srgmf cant role, the code -
must agaln be shown to “work™ or be modrf ed - . -
i ) - -
Even after a flow regime is selected addmona! srmpllf ications are necessary \Oﬂen these
simplifications are then applied in a questionable manner. Derivations may be made for “one-,

dimensional flow” in a straight pipe and then applied to bends or other reactor components in
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ways that are not explained or justified. Correlations of wall friction factors or forces between
the vapor and liquid that were developed as very rough approximations for air-water flows in
straight pipes are adopted to represent steam-water flows at high pressure in a host of different
geometries. Sometimes the useris given a choice of correlations without clear guidance about
which one to select, and this introduces a “user effect” whereby different answers can be
obtained to the same problem. - o :

When no precedent exists for modeling a component or situation, the code developer;may make
an estimate based on an idealized view of what is happening. Without independent experimental
validation of the individual model, the reviewer cannot tell how reasonable the estimate is except

in the context of the code’s apparent success at a global level, which could be the result of
compensating errors.

We do not mean to imply a need for excessive detall, if this can be shown to be inappropriate.
Professional judgment must guide choices among imperfect, but adequate, analytical models.
Engineers who need to get results with limited knowledge, resources, and time must often make
such choices. The point is that it is unwise to rely on the resulting structure without a broad
base of methodical assessment against the full range of conditions for which the code will be
applied. It also means that restrictions must usually be placed on the use of a code in
unevaluated situations, or for new or modified designs for which a sufficient basisfor .
assessment does not exist, or to answer questions for which greater accuracy is required than
has been demonstrated. These characteristics of codes demand detailed staff review, supported
by knowledge, persistence and sufficient resources. ’

4. Codes have evolved, but the develqpment process is hard to trace.

The codes have been developed over the years by various authors, many of whom are no longer
active. The rationale for the features and assumption's in the codes, their advantages and
limitations, and why a certain approach was chosen may have been forgotten. When the
rationale is lost, the present generation of code developers, users, and reviewers hasto .
rediscover and reevaluate the technical bases of these features. More detailed explanations-
and justifications in the original documentation might avoid the need for this extra work. This
situation supports the need for the staff to have its own code and to maintain a clear record of

why design choices were made in its development.
5. Codes may “work” byu\t they are not based on a mégtﬁre, secure science.

We discussed some of the rationale for this statement under Item 3. The science of multiphase
flow and heat transfer has not reached a ppint'where predictions can be made solely from a -
basis of secure fundamentals (as they can for many viscous single-phase flows, for example).
Codes have evolved as an elaborate tapestry of interwoven working assumptions and
approximate equations and correlations that have proved to be useful. Longevity of these _ .
engineering methods is no assurance of maturity, nor does it guarantee that the codes need no
further development and improvement as new questions arise. Nevertheless, a series of ..
demonstrations of applicability to reactor transients, has established confidence in their utility as
one input to regulatory decisionmaking, as long as their limitations are adequately understood
and evaluated.
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6,7. Pro: For several accidents (e.g., small-break LOCA) a few phenomena appear to
'dommate and the calculated output fi igures of merit, such as peak clad temperature,
appear insensitive to the details. Con: Some phenomena that could be important are

" poorly modeled (e.g. two-phase level in core boll-off) : :

We present the followmg examples to make the point that the precision of code predictions, and
their sensitivity to details, depend on the questlon being asked. After the water level drops
during the initial transient, small-break LOCA becomes “a pot of boiling water with steam
escaping from a small hole.” A relatively simple model may be quite successful in representing
the main phenomena. The steam release rate is given by an energy balance for the vessel and
the system pressure is governed by single-phase steam fiow out of the break. On the other
hand, the swelling of the two-phase mixture in the core and the upper plenum is a complex
phenomenon. In the analysis of one experiment, for example, it could only be represented
-accurately by changing the interphase friction factor by a factor of five from the value typically
used in the code chosen for the analysis. Such discrepancies are not unusual when dealing
with two-phase phenomena. The net effect on peak clad temperature was smaller than this
'discrepancy suggests, but the result could have a considerable impact if the success criterion
was that the core be completely covered by the boiling pool. We note that boilup and steam
cooling are considerations in licensee proposals for changes to the current licensing basis. For
example, boron mixing and the recent proposal to use low pressure systems as an alternative
strategy in response to a fire. These examples point out the importance of the staff having the
wisdom and experience to know when to ask for more mformatlon and when to accept a
calculation that is offered. This decision may involve input from thé research branch of the
agency.

8. Code predictions have to be assessed for each application and extenswe
sensmvuty checks performed .

Because of the uncertainties already mentioned, a code cannot be approved a priori for all
applications. The staff must be satisfied that the range of data for which the code “works”
covers the range that is needed to provide .adequate confidence that the results can be
extrapolated to predict the performance of a full-scale system during the relevant scenarios. If
conservatism is to be reduced, better confi dence in the code is needed, in the form of reduced
uncertainty in its predictions. One of the ways to assess this uncertainty is by assigning
distributions to the assumptions and parameters that go into the code and propagating these

- through the calculation of the desired result. Another way is through quantitative evaluation of
the accuracy and uncertainties in the code by systematic statistical comparisons with data. We
perceive a need for the staff to be more specific about what are acceptable methods of deriving
and expressing the uncertainties in codes and how these. methods are to be used in the
regulatory context.
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9. The staff's knowledge{ experience, and thoroughness are key.

For all of the above reasons, decisions aboi{fthe acceptability of a code and its range of validity
depend heavily on'the competence and thoroughness of the staff, Steps are currently being
taken, through the preparation of a Regulatory Guide (DG-1096) and Standard Review Plan
Section (15.0.2) to develop more explicit explanations of the expectations of the staff and criteria
to be used for evaluating codes. : This should reduce variability in the extent and depth of .
reviews. It should also help submitters to understand the standards to be used. We have
commented on draft versions of these documents.

The Commission needs to be assured that the staff is sufﬁcientfy consistent and thorough in its
reviews and has sufficient resources and capabilities to complete them.

10, 11. Some code documentation is poor. The physical basis for analytical models is
often incomplete and poorly explained.

The above, more general observations that we cited under Item 3, did not prepare the ACRS for

what it found in some of the code documentation. Examples are given below. The specific

submittals in which these shortcomings were observed will not be identified, but no code was

- without some of them. )

. Basic equ‘ation—s, of the type to be found in standard textbooks, contained maﬁy major

typographical errors. These should be immediately apparent to a knowledgeable
observer. ‘

. Equations were so garbled as to require lengthy rederivation by the reviewer. _

. Simple algebraic errors appeared to be made in dedudné one equation from another.
The result was an equation which could not have been derived from the given starting
point. ‘

. Scalar and vector quantities appeared to be intermixed in inappropriate ways.

. Examples intended to illustrate the method being used actually sérved to discredit it.

. Terms in equations were insufficiently defined. Exarﬁples of the Lise of these equations

suggested a lack of uridér;tanding of how the terms should be evaluated.

. General derivations were made that appeared incompatible with specific cases. Such
derivations were usually unique to the particular code.

. The logic in developing coefficients or expressions for use in the code was unclear.
Equations were written down without an explanation of how to use them or where the
terms come from. A reviewer could not tell what process was actually being followed.

. Assumptions were made on an ad foc basis without supporting evidence. .

10
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- ' Equations were derived for straight pipes with no indication of how they might apply to
) the‘real shapes found in actual systems.

Shortcomings of this sort would be much less likely if the codes were prepared éﬁd reviewed for
open publication. -The ACRS would prefer to see the same standards applied and the same
quality achieved whether or not the code will be publicly available.

Despite these deﬁciencieé, the codes have proven to be écceptable to satisfy regulatory
requiremer!ts. However, an important aspect of the review process is the establishment of
confidence in the approaches taken by the code developer. Weak documentation undermines

.

this conﬁE{ence.
12.  Assessment is unfocussed and insufficiently extensive.

Assessment is the comparison of predictions with data to determine how well the code works.

Because of the many assumptions and approximations made in the codes and the numerous
“empirical coefficients and correlations imported from other applications, it is important that

comparisons be made with data from actual or scaled nuclear components. Some codes are
- presented for review with few, if any, such assessments.

Other code predictions are compared with a small selection of data. For instance, predictions
are compared with some results from a Loss of Fiuid Test (LOFT) facility test. It is not explained
why this test was chosen and why predictions were compared with only a small group of data
when other results were also available. ’ . . o

Code assessment should be a more complete and logical process. Sensitivity studies can -
reveal which parts of the code it is most important to evaluate. Comparisons can then be
focused on those parts and a thorough evaluation made, covering the whole range of
parameters expected in practice, with an emphasis on discovering limitations, rather than
showing some limited general agreement. A logical road map should be provided, explaining
what features of the code are to be assessed by a particular comparison and how they are being
evaluated. For the purposes of risk-informed regulation, code assessment should result in
quantitative measures of uncertainty so that the risk that the code will give an unacceptable -
answer can be determined. . :

" Code assessment is presently one of the wgakegf links in the NRC's review procéss. Insufficient
thought has been given to demonstrate acceptability, léaving too much up to the judgment of the
NRC reviewer. : C =

We believe that a logical assessment review process can be developed. It should start with

- identification of which features require assessment and to what degree. “This might resemble a
Phenomena Identification and Ranking Table (PIRT) process, but, unlike PIRT, -it should be
-carried through to the end of the assessment review to determine not only what a code should
~do but how well it does it. A'procedural framework should be set up explaining how specific - .- -
features are to be assessed and by what measures. At present, in‘'some assessments, there is
only a tenuous association between the selected comparisons with data and specific questions
to be answered." ' “ )

11
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The assessment process described in the Draft Regulatory Guide (DG-10986) is qualitative and
leaves considerable latitude for interpreting how to measure success. This essential process
would be considerably strengthened, without being unnecessarily prescriptive, if specific
quantitative outputs were identified. For the purpose of regulation, including risk-informed
considerations, the most significant of these are measures of bias and uncertainty in predicting
significant phenomena and success criteria.

13. Methods for calculating uncertainties are primitive and not comprehensive.

The regulations require an assessment of uncertainty for all “realistic” codes. We have. . |
encountered a wide range of approaches to estimating uncertainties. At the crudest level, a
predicted curve is shown to pass in the vicinity of some data points and agreement is
characterized by terms such as “good” or “acceptable.” This is not a basis for quantitative
assessment of model uncertainty and its effect on safety margins.

Another approach is to \7ar)( key parameters in the code and determine the effect on the success
criteria, such as peak clad temperature. This gives useful information about sensitivities of the
code to these specific parameters. It does not capture additional uncertainties due to the overall
structure of the code and the particular form of equations and correlations chosen. Moreover,
without comparison with data, the actual likelihood that parameters will have specific values
within the chosen range is unknown.

The most thorough approach we’ have seen to date methodically compares predictions with
many data points to quantify bias and uncertainty in predicting specific phenomena. The, -
uncertainties are then combined to quantify the likelihood of meeting success criteria in the
regulations. This impressive achievement follows the intent of the Code Scaling, Applicability,
and Uncertainty (CSAU) Evaluation methodology [Reference 8]. However, questions can be
raised about the completeness of the implementation. For example, errors in void fraction,
traced to uncertain forces between the steam and water phases, may be evaluated from data
taken predominately in a large vertical duct or vessel. How does this apply to flows in more
tortuous passages, as in the reactor core, in horizontal flows, or flows in bends such as the loop .
seal in a PWR primary circuit? s
Because of the large variability in approaches to the evaluation of uncertainty, and the ,
deficiencies in present methods, the staff should conduct a comprehensive study of ways to
quantify and assess uncertainty, the measures to be employed, and their adequacy for meeting
regulations. This will require inhovative research to show how to evaluate uncertainties when
formulating important equations and correlations so that the uncertainties are incorporated into
the solution routine of the code itself. T .

In discussing the uncertainty methodology, draft Regulatory Guide DG-1096 refers to a previous
" Regulatory Guide, 1.157 [Reference 9]. Regulatory Guide 1.157 covers many features of
realistic calculations, including the evaluation of uncertainty and bias, but its guidance is very -
qualitative and leaves considerable latitude in interpretation.” Typical phrases seen are “performs
adequately,” “acceptable provided their technical basis is demonstrated with appropriate data
- and analysis,” “uncertainties and biases in the parameter shouid be stated,” and “sensitivity.
studies should be performed.” The meaning of these requirements depends on how the code will

12
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be used in making regulatory decisions. Without a clear connection between the outputs from
the code and their regulatory function, ‘there is no basis for deciding when the modeling
techniques are good enough. This is why we believe that the staff needs to clearly tie its safety
evaluation findings to the specifications these codes need to satisfy, particularly to support risk-
informed regulations. ) L. S

-14.- JDocumentation should be acceptable to knov[rlédgeable, impartial o‘bserv'eré.

When a code is proprietary, the vendor and the NRC staff are usually the only people who have
access to its documentation. The ACRS may be the one exteral group that provides a third-
party review; it becomes the sole independent guarantor of public confidence. At the same
time, the ACRS does not have the resources to investigate all the details in these codes.

As already described, we were surprised to find that some documentation had not been prepared
to standards appropriate to inspiring confidence in impartial observers. There are various
reasons for this situation, some historical and traceable to the way the regulatory process has
functioned. Eventually, perhaps through published papers based on the work, or througha
relaxation of proprietary sensitivity, the documentation will be seen by knowledgeable outsiders.
. Moreover, it is professionally demoralizing to both industrial engineers and to the NRC staff to
discover uncorrected errors, some of which are obvious from a cursory review, in approved
documentation. The staff should make clear that standards to be applied to documentation of
proprietary codes are the same’as for codes generally accessible to public scrutiny. 'f! ‘

15. -Risk-informed regulation will require more qu“antit"ative evaluation of model
uncertainties and their consequences. ) S

- B
£y V4

Shortcomings in the codes may have been 'a!loiyable in the past when “en‘gfhééring’ judgment”
imposed appropriate conservatism and safety margins to compensate for lack of confidence in
accurate predictions. - '

The basis of risk:informed regulation is different. Predictions are “realistic” but nét exact. The
probability of errors in code predictions must be assessed. Safety margins require a more
precise definition so that the probability of exceeding them can be evaluated. -

Just as in the case of PRAS, the quality of thermal-hydraulic codes must be compatible with the
purposes for which they will be used to make decisions. The need for increased code quality
measured by decreased uncertainty will grow, because requests for reduction in regulatory
burden, power uprates, digital instrumentation and control, and the synergistic effect of such -
changes on aging plants may erode margins of safety. T o :

i Lo s e
1

;IB. The aata base for assessment must b'e"présefved and, in some cases, gx'panded.
The decisions that went into formulating deterministic regulations, such as Appendix K to 10 -

CFR Part 50, were confirmed to a great extent by the experience with specially designed
experimental facilities such as LOFT. ' .o :

13
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The Westinghouse AP600 passive plant desian differed substantially from previous designs.
Confidence in its characteristics could not be obtained from theory alone but required tests in
several fag:ilities, notably the scaled APEX facility at Oregon State University (OSU). -

As new questions arise or old questions become more critical, the data base is the arbiter.
When the data base is inadequate new experiments are conducted, as in the thermal-hydraulic
test program related to pressurized thermal shock being performed by the NRC at OSU.

We are concerned at reports that parts of the thermal-hydraulic data base, developed at
considerable expense, that might be sufficient to answer questions raised by suggested changes
in regulations or plant characteristics, are unavailable or have been lost for reasons such as
changes in methods of computer storage. Steps should be taken to inventory and maintain this
data base and ensure its preservation in usable form. '

17. A base of experts needs to be maintained.

We consider three'groups of experts to be important: . the code developer, the NRC staff, and the
experienced public professionals who may be called upon for independent review, consulitation,
or participation in expert panels. '

Our experience with reviewing codes suggests that a very small group of developers is
sufficiently knowledgeable to answer technical questions. Some of the original developers have
left the industry. Perhaps the notion that codes were mature and needed little more attention
has taken resources away to the point where some vendors may be insufficiently prepared for .
the effort required to upgrade codes to the “realistic” level. The NRC might consider conducting
periodic audits of industrial support for codes of the type that were performed by the agency in
the past. These audits focused on such important issues as code quality assurance and the
adequacy of documentation. '

The NRC needs two sets of experts on its staff. The first group reviews developers codes and -
runs them with sufficient insight and informed curiosity to make regulatory decisions. The .
second group, in the research category, makes independent assessments with NRC’s own code, .
investigates “what if” scenarios; anticipates future uses that may stretch the capabilities of
existing tools, and develops new capabilities when these are required. Our impression is that
these teams are presently close to minimal strength, which may delay efficient processing of
applications involving new codes. )

The third group of experts has been well served by those who were active in developing thermal-
hydraulic theory and codes in the 1960s and 1970s. Many of these people are now retired and
may soon no jonger be available. The NRC should encourage the development of a new
generation of experts in this field.

18.  Staff should run and evaluate vendor codes independently.
The former process by which the NRC staff evaluated code i:redicﬁons submitted by the

developer, had many limitations. Obtaining results other than those selected by the developer, T
exploring the effect of different assumptions, determining limitations on the range of variables or

14
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conditions for which the code performed well, and getting other information needed for a

thorough assessment, was laborious and sometimes frustrating.

In the past two years the staff, with ACRS encouragement, has adopted a policy of obtaining
working versions of these codes and running them. This is a much more efficient way of
- discovering the strengths and robustness of a code, as well as its limitations and weaknesses.
« It also allows the staff to check what could not be checked previously, that the code, as_
programmed, actually follows the documentation. This sort of openness vastly increases the
effectiveness of the review process and should benefit both parties, as well as enhance public
confidence. A - B .-
19.  Staff should maintain in-house code competence, including an NRC-developed
' code. . : : )

There is no standard code for thermal hydraulics. Each code has its individual characteristics,
even peculiarities. '* ' : Lo ' .

The ACRS strongly supports the current efforts by the NRC research staff to combine its present
suite of thermal-hydraulic codes into one, and to improve the models, functions, flexibility and
speed of operation. " For the foreseeable future, there will exist manifold uncertainties about the
effects of models in vendor codes, their limitations, phenomena that may be insufficiently .
explored and undiscovered implications. The NRC needs its own tool it is familiar with, can
experiment with,'and use to anticipate new questions and resolve them. .The staff will then be
able to accept or question features of the developers codes based on independent knowledge.
It will also have a tool readily available for assessing new concerns, major plant events, and
operating transients. ‘ : .

The informed technical community has long been aware of shortcomings in thermal-hydraulic
codes, even though these codes have proven adequate to satisfy current regulatory. ..
requirements. A prime example is the various approximations and shortcut; that are needed to

Iy

manipulate the momentum conservation equation into usable form. ‘ . -

With access to vendor codes and intimate knowledge of its own code, the staff is in the best
position to obtain a reasoned perspective on this issue. With the enormous advances in speed
:.of computation, including parallel processing and improvements in code architecture, it should
be possible to run a set of carefully designed computer experiments to assess the practicality
and limitations of existing methods. For example, the consequences of using alternative forms
-of the momentum equation, doubling or halving approximate terms, and including or neglecting
various effects could be realistically assessed. * The aim would be to produce an authoritative
document that would enhance public confidence and provide a landmark source of reference in
future decades. This could be a major contribution to the effectiveness and efficiency of the
NRC review process and the preparation of documentation by industry. - o
A possible impediment to this sort of comprehensive evaluation'is the industry wish to-protect its
proprietary codes. This may inhibit the public availability of independent assessments of
technical details. Perhaps this impediment could be overcome by a cooperative effort between

s , . - .

15



11

the staff and an industrj}-suppoﬁed entity, such as NEI. There are recent precedents for this”
sort of cooperation.

20.  Regulatory processes should encourage code improsigmgnts.

Several elements of codes are based on ideas that originated 30 or even 40 years ago. _ They
were tentative at the time and it is remarkable that they have not been replaced or improved.
We are not sure why this is. There are mechanisms for modifying codes, but industry must-
usually sense some benefit before doing so.’ Perhaps the regulatory process itself has an -
inhibiting effect on modifications, once approval has been obtained. We recommend that the
staff suggest effective ways to encourage the development of code improvements. The
measure of success would be a reduction in uncertainty in the output of the code and in the
resulting conservatism in decisionmaking.

21. NRC should be ﬁréparing for an e\iéntual new géhe}afi'on of thermal-hydraulic :
codes.

Computer methods now permeate society and are one of the m'gst'rapidly evolving .
technologies. Computational fluid mechanics, which was the subject of research a couple of
decades ago, is now a flourishing industry. . Continually evolving commercial codes are , - .
commonplace in the arsenal of industrial engineers. Grids involving over a million nodes are
routinely used to evaluate air flows over aircraft and automobiles or over the internals in a
vehicle engine compartment. The NRC has a small research effort to use these codes for

single-phase flow problems relevant to safety.

Comparable multiphase industrial thermal-hydraulic codes have also been under development
but they are not as mature or reliable as their single-phase parents. However, commercial
needs are stimulating a rapid evolution. The NRC clearly needs to keep abreast of these
developments and decide which commercial codes, or which features of them, might profitably
be incorporated into nuclear safety assessment in the future. The NRC was a leader in code
development two decades ago; it now needs to adjust to a technological climate in which the
most significant deyelopments originate outsiqe the agency.

The rewards from use of a new generation of commercial codes would be greater confidence in
the results and a more efficient review process. If a code is widely used, it should limit the-

-

necessity for each Iicgnsee to subject the code to broad-based assessment for each application.

The NRC might eventually be able to givé generic approval to codes, reducing the time needed
to examine the details of every new application.

22. Specifications for codes

Finally, we explain Recdmmehdation'w.’t‘hat the design speciﬁcétfons for codes be reexamined.
We cite two examples of future anticipated needs. The examples are not intendedtobe.  *

- exclusive.

Past codes were used to evalbat‘g‘deéfgn basis acciééhts, paérticdlarl)yéLOCAs, as described in
10 CFR 50.46 (the ECCS Rule). if the ECCS Rule were to be risk-informed, what would be the
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appropriate output from codes in order to support this new regulation? What would be the
functional requirements of these codes in terms of quantitative measures of accuracy and
uncertainty that are now left vague? What measures would be required to demonstrate that the
codes were "realistic®? How would model uncertainties in the codes be incorporated into risk
estimates in order to make them more realistic? '

The Commission is receiving requests for power uprates on the order of 20%. This significant
increase in core power must have some impact on safety. Can present codes quantify this
impact? What maximum power uprate is tolerable and on the basis of what criteria? What must
codes be able to do in the future to provide realistic measures of safety margins rather than the
conservative prescriptive criteria used in the past?

We foresee that the resolution of these sorts of questions will be held up by inconclusive
arguments about code quality and credibility unless the agency clearly defines what the
specifications for codes must be to support anticipated regulations. This should be a creative
and ongoing activity, involving both the research and the regulatory offices of the agency.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

Jears

February 1, 2001 )

Dr. Wiliiam D. Travers

.Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555-0001

Dear Dr. Travers:

Subject: DIFFERING PROFESSIONAL OPINION ON STEAM GENERATOR TUBE
INTEGRITY

In 2 memorandum dated July 20, 2000, you requested that the ACRS examine the technical
issues associated with a differing professional opinion (DPO) on steam generator tube integrity.
Specifically, you requested that the ACRS function as the equivalent of an Ad Hoc panel, under
Management Directive 10.158, to review the DPO issues and provide you with a summary
report documenting the conclusions and any recommendatlons relative to the pertlnent technical
issues. .

In a memorandum dated September 11, 2000, we informed you of the establishment of an Ad
Hoc Subcommittee that would function under the provisions of the Federal Advisory Committee
Act, to review the technical merits of the DPO issues and develop proposed positions for
consideration by the full committee. The Ad Hoc Subcommittee was composed of ACRS
members D. A. Powers (Chairman), M. V. Bonaca, J. D. Sieber and T. S. Kress, andR. G.
Ballinger from the Massachusetts Institute of Technology. The Subcommittee was supported by -
three consultants hired by the staff: 1. Catton, University of California at Los Angeles, J. C.
Higgins, Brookhaven National Laboratory, and R. E. Ricker, National Institute of Standards and
Technology.

During its meeting on October 1014, 2000, the Ad Hoc Subcommittee met with J. Hopenfeld,
the DPO author, Professional Engineer R. A. Spence of the staff, and several other members of
the NRC staff to discuss the DPO author’s contentions and the staff's responses. To support its
review, the Subcommittee and its consultants reviewed a large volume of documents mcludlng
those referenced in the Subcommittee’s report.

Based on its discussion of the DPO author's contentions and the associated NRC staff's
responses, the Subcommittee developed a NUREG report documenting its conclusions and
recommendations, along with the bases for arriving at these conclusions and recommendations.
This report was reviewed by the members of ACRS and the consultants to the Ad Hoc
Subcommittee. .
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During the 478™ meeting, December 6-9, 2000, the ACRS reviewed the conclusions and .
recommendations of the Ad Hoc Subcommittee. The ACRS also discussed the DPO issues
during its 477™ meeting, November 2-4, 2000. During this review, the Committee had the
benefit of discussions with the DPO author and representatives of the NRC staff. The ACRS
also had the benefit of the documents referenced in the attached report of the Ad Hoc
Subcommittee. :

The ACRS endorses the Ad Hoc Subcommittee’s conclusions and recommendations included in
its report, which is being sent to you with this letter for use in resolving the DPO issues. The -
ACRS would like to be kept informed of the resolution of the DPO issues.

Dr. William J. Shack did not participate in the Committee’s deliberations regarding this matter.

Sincerely, ‘

B S

D. A. Powers
Chairman, Ad Hoc Subcommittee
. - ! i .
*Enclosure:  NUREG - XXX,-“Voltage-Based Alternative Repair Criteria,” a Report to the
Advisory Committee on Reactor Safeguards by the Ad Hoc Subcommittee on
Differing Professional Opinion, February 2001.

*See NUREG-1740 for the published version of this enclosure.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

February 8, 2001

Dr. William D. Travers

Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Dear Dr. Travers:

SUBJECT: PROPOSED RESOLUTION OF\GENERIC SAFETY ISSUE-152, “DESIGN
BASIS FOR VALVES THAT MIGHT BE SUBJECTED TO SIGNIFICANT
BLOWDOWN LOADS”

During the 479™ meeting of the Advisory Committee on Reactor Safeguards, February 1-3,
2001, we reviewed the proposed resolution of Generic Safety Issue (GSI-1 52), “Design Basis
for Valves that Might be Subjected to Significant Blowdown Loads.” During this review, we had
the benefit of discussions with representatives of the NRC staff and of the documents

- ‘referenced.”

Conclusion
We agree with the staff’s proposed resolution of GSI-152.
Discussion

In our letter dated November 20, 1989, we raised a concern that although a valve might meet
the NRC-approved design bases, these design bases might not address the need for the valve
to close against the differential pressure resulting from a large high-energy pipe break. To
address this concern, the staff established GSI-152. Our concern was broader than that stated
in GSI-87, “Failure of HPCI Steam Line Break Without Isolation” and Generic Letter (GL) 89-10,
“Safety-Related Motor-Operated Valve Testing and Surveillance.” GL-89-10 specifically
focused on the ability of motor-operated valves (MOVs) to operate under design basis
conditions.

The staff issued Supplement 3 to GL 89-10 to provide guidance to licensees for ensuring the
capability of containment isolation valves in the reactor water cleanup, high pressure coolant
injection, and the reactor core isolation cooling systems in boiling water reactor plants to isolate
the largest credible downstream pipe break. o :

The industry established programs to understand and correct valve ope}atiné weaknesses.

Guidelines were issued for determining the design basis differential pressure for MOVs within
the scope of GL 89-10.
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In the early 1990s, the NRC staff conducted inspections of the licensees’ GL 89-10 programs
including evaluations of the design bases. These inspections confirmed that deficiencies in the
design bases and in valve operating performance had been identified and corrected. These
results were shared with the industry in Information Notices 96-48, “Motor-Operated Valve
Performance Issues,” and 97-07, “Problems Identified During Generic Letter 89-10 Closeout
Inspections.”

Based on the issuance of Supplement 3 to GL 89-10 and subsequent staff and industry
initiatives, we support the staff’'s proposed resolution of GSI-152.

George E. Apostolakis
Chairman

References :

1. Memorandum dated January 18, 2001, from Michael E. Mayfleld Office of Nuclear
Regulatory Research, NRC, to John T. Larkins, Executive Director, Advisory Commlttee
on Reactor Safeguards, Subject: Transmittal of GSI-152 Close-out Report.

2. Letter dated April 23, 1993, from Paul Shewmon, ACRS Chairman, to James M. Taylér
Executive Director for Operations, NRC, Subject: Prioritization of Generic Safety Issue
152, “Design Basis for Valves that Might be Subjected to Significant Blowdown Loads.”

3. Report to Kenneth M. Carr, Chairman, U.S. NRC from Forrest J. Remick, Chairman
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Fppkk . . February 9, 2001

Dr. William D. Travers

Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

SUBJECT: = DRAFT ANS EXTERNAL EVENTS PRA METHODOLOGY STANDARD -

During the 479" meeting of the Advisory Committee on Reactor Safeguards, February 1-3,
2001, we met with representatives of the American Nuclear Society (ANS) External Events
Working Group to discuss draft BSR/ANS-58.21, “External Events PRA Methodology
Standard.” We also had the benefit of the documents referenced. L

The traditionally called “external” events, e.g., earthquakes, high winds, and external floods,
have been found to be'among the major contributors to risk for many plants due to the potential
for dependent failures of plant safety systems. The assessment of these risk contributors
requires the integration of a number of diverse technical disciplines and provision for the
utilization of expert opinion. Because the occurrence of external events of sufficient magnitude
to cause plant damage is rare and statistical evidence is sparse, expert judgment is required to
develop the necessary probability distributions for risk assessments. The resulting
assessments thus involve large uncertainties.

The ANS Standard does a good job in defining the requirements for a state-of-the-art
assessment of the risk (including uncertainties) from external events. The commentary,
including notes and references, that accompanies each requirement provides valuable
information and guidance for meeting individual elements of the Standard. Thus, the ANS
Standard resembles a traditional “design-to” standard.

An important feature of the proposed ANS Standard is that it was designed to be consistent
with the standard for internal events under development by the American Society of Mechanical
Engineers (ASME) so that users can apply both standards “in concert” We agree with the ANS
External Events Working Group that, to achieve this consistency, the two standards must use
identical definitions of terms.

The proposed ANS Standard avoids some of the weaknesses that we identified in our letters
dated March 25, 1999 and July 20, 2000, concerning the ASME Standard. The ANS Standard
provides an approach similar to that of Category Il of the ASME Standard. It also provides
guidance for seismic margin analyses that corresponds roughly to Category | of the ASME
Standard. The ANS Standard, however, provides a good discussion of the limitations of these
bounding analyses.
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During the meeting, we offered a number of detailed comments on the Standard that the ANS
representatives agreed to consider. We look forward to reviewing the proposed final ANS
Standard following the reconciliation of public comments.

We commend the ANS Extemnal Events Working Group for the quality of this initial effort.

%
George E. Apéstolakis
Chairman

References: ) ‘

1. Letter dated January 24, 2001, from Shawn M. Coyne-Nalbach, American Nuclear
Society, to Michae! T. Markley, Advisory Committee on Reactor Safeguards, transmitting
Draft BSR/ANS-58.21, *External Events PRA Methodology Standard™ (December 25,
2000). o : -

2. Letter dated July 20, 2000, from Dana A. Powers, Chairman, Advisory Committee on
Reactor Safeguards, to William D. Travers, Executive Director for Operations, NRC,
Subject: Proposed Final ASME Standard for Probabilistic Risk Assessment for Nuclear
Power Plant Applications. Lo -

3. Letter dated March 25, 1999, from Dana A. Powers, Chairman, Advisory Committee on
Reactor Safeguards, to William D. Travers, Executive Director for Operations, NRC,
Subject: Pioposed ASME Standard for Probabilistic Risk Assessment for Nuclear
Power Plant Applications (Phase 1).
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Dr. William D. Travers

Executive Director for Operations

U.S. Nuclear Regulatory Commission
»  Washington D.C., 20555 - 0001

Dear Dr. Travers:

SUBJECT:  REVIEW OF THE SIEMENS POWER CORPORATION S-RELAP5
o CODE TO APPENDIX K SMALL-BREAK LOSS-OF-COOLANT
C ACCIDENT ANALYSES

During the 479‘h meeting of the Advisory Committee on Reactor Safeguards February
1-3, 2001, we met with representatives of the Siemens Power Corporation (SPC) and
the NRC staff to discuss the approval of the SPC S-RELAPS thermal- -hydraulic code for
small-break loss-of-coolant accident (SBLOCA) analyses pursuant to the requirements
of Appendix K to 10 CFR Part 50. Our Subcommittee on Thermal-Hydraulic
Phenomena discussed this matter during meetings held on March 15 and August 8-9,
2000, and onJanuary 16-17, 2001. We also had the benefit of the documents

- referenced.

4

Conclusion and Recommendation

1. We agree with the staff’s decision to approve the use of S-RELAPS to satisfy
~ Appendix K requ1rements for analyses of the SBLOCA

2. Documentatlon must be improved if it is to be suntable to support a “realistic”
o (best-estimate) version of the code.” This apphes to all features of the code,
- particularly the basic formulations, the solutlon ‘procedure, assessment versus
E data and the evaluatlon of uncertalntles ( '

Discussion
The S-RELAPS code has evolved from the earlier RELAP5/MOD2 and /MOD3 code
versions, which have been’used extensively and have been approved for SBLOCA

. analyses. ‘'SPC has made several significant improvements to the code; including better
correlations, a more robust solution procedure, and a two-dimensional mode[nng option.
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We agree with the staff’s judgment that the code assessment performed by SPC is
adequate for Appendix K SBLOCA analyses. In its original submission, SPC made -
comparisons with five tests. Two of these, the system tests Semiscale S-UT-8 and
BETHSY 9.1b, posed substantial challenges that the code met successfully. In
response to requests for additional information, SPC submitted further code calculations
and data comparisons that increased confidence in the suitability of the code for the
uses described in the Safety Evaluation Report (SER). These are the major reasons

why we agree with the staff’s decision to approve the code for Appendix K SBLOCA
analyses.

Observations

Although we find that the staff has sufficient grounds to approve the present application
of the code to Appendix K SBLOCA analyses, we have several observations that the
staff should consider as it prepares to review the “realistic” (best-estimate) version of
S-RELAPS.

1. SPC submitted documentation that had shortcomings of the type described in
our report dated January 11, 2001. Although our Subcommittee had identified
these shortcomings, there is little discussion of them in the staff's SER. During
the August 8-9, 2000 Thermal-Hydraulic Phenomena Subcommittee meeting,
SPC presented a differéent formulation of the mathematical models than that
included in the written material submitted before the meeting. It is unclear to us
what the final documentation will contain. :

Good documentation is sound quality control practice. It provides insurance
against costly delays, uncertainties, confusion, and mistakes. It simplifies and
enhances staff and ACRS reviews and aids users. It also builds confidence in
the soundness of regulatory judgments in the broader technical community.

In the future, the staff should insist on complete documentation before issuing a
final SER. - .

2. The Appendix K provisions for code assessment for SBLOCA as listed in
NUREG-0737 specifically identify only two comparisons with system tests:
Semiscale Test S-07-10B and LOFT test L3-1. The SBLOCA covers a range of
break sizes, leading to different rates of flow and a variety of conditions
throughout the system. A more complete set of comparisons would increase
confidence that the code has not been tuned to a single sequence of events and
that some conditions where it might not perform appropriately remain
undiscovered.

The staff needs to consider how broad-based the assessment of realistic codes
should be, not only to ensure adeqqé;cy but also to measure uncertainty. Clear
criteria are also needed on what constitutes an adequate database for assessing

this uncertainty and on how this should be done quantitatively. ’
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In describing the Upper Plenum Test Facility (UPTF) test of loop seal
performance, SPC stated [Page 5-46 of SPC Topical Report EMF-2328(P)] that

. inone case "the level predicted by S-RELAP5 was about 3.5 times greater than

the measured level,” while in another case “the predicted pressure drop across
the loop seal was 10.9 kPa versus about 2.9 kPa from the data.” SPC argued

* _ that these rather large deviations are conservative for the purpose of evaluating
‘the success criterion of peak clad temperature during a SBLOCA.: _However,

there are other applications of thermal-hydraulic codes for which deviations of

 this magnitude might prove to be unacceptable. For example, the performance
* of passive plant designs is likely to be more sensitive to the balance between

- hydrostatic driving forces and pressure drops throughout the system and may
- require greater accuracy in code predictions of these phenomena. l

£

~ SPC provided the staff with a working \}ersidn of their code and input decks to

enable test conditions to be simulated. However, the staff informed us that it had
not run the code as an independent check, nor used this capability to investigate
some key features. We understand that the staff's rationale in this particular
case is that it is familiar with previous relevant applications of RELAPS5. The use
of the codes by the staff should be an important part of its review process. We
look forward to staff reports on its independent evaluation of code runs when
S-RELAPS is submitted as a realistic code.

Because we cannot check many features of a complex code, some of our
assessment must be based on establishing confidence in the applicant's
technical judgment. In the present case, we have been helped in our evaluation
by the cooperation of SPC in responding to our technical questions and
supplying additional information. Another important factor in establishing
confidence is the provision of accurate, complete, and unequivocal
documentation. We look forward to reviewing the revised documentation
supporting the realistic version of the code.

Sincerely,

George E. Apostolakis
Chairman

References:

1.

2.

Siemens Power Corporation Report, EMF-21 00(P), Revision 2, “S-RELAP5
Models and Correlations Code Manual,” January 2000 (Proprietary).

Siemens Power Corporation Report, EMF-2328(P), Revision 0, “PWR Small
Break LOCA Evaluation Model, S-REALP5 Based,” January 2000 (Proprietary).
Siemens Power Corporation Report, EMF-2310(P), Revision 0, “SRP Chapter 15
Non-LOCA Methodology for Pressurized Water Reactors,” November 1999
(Proprietary).
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Siemens Power Corporation Report, EMF-2101(P), Revision 1, “S-RELAP5
Programmers Guide,” December 1999 (Proprietary).

Siemens Power Corporation Report, EMF-CC-097(P), Revision 4, “S-RELAPS
Input Data Requirements,” December 1999 (Proprietary).

U. S. Nuclear Regulatory Commission, Draft Safety Evaluation Report by the
Oftice of Nuclear Reactor Regulation for EMF-2328(P), “PWR Small-Break
LOCA Evaluation Model, S-RELAPS Based,” undated (Predecisional).

U. 8. Nuclear Regulatory Commission, Office of Nuclear Reactor Regulation,
“S-RELAPS Request for Additional Information (RAI),” undated (Proprietary).
Report dated January 11, 2001, from D. A. Powers, Chairman, ACRS, to Richard
A. Meserve, Chairman, NRC, Subject: Issues Associated with Industry-
Developed Thermal-Hydraulic Codes.” '

U. S. Nuclear Regulatory Commission, NUREG-0737, “Clarification of TMI Action
Plan Requirements,” November 1980. s
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

March 7, 2001

MEMORANDUM TO: William D. Travers

Executive DW
FROM: John T. Larkins, Exec irector
Advisory Committee on Reactor Safeguards

SUBJECT: PROPOSED FINAL REGULATORY GUIDE 1.XXX, “FIRE
PROTECTION FOR OPERATING NUCLEAR POWER PLANTS"
(FORMERLY DG-1097)

During the 480™ meeting of the Advisory Committee on Reactor Safeguards, March 1-3

?

2001, the Committee considered the proposed final regulatory guide and decided not to review

it. The Committee has no objection to issuing the final regulatory guide for industry use.

Reference:

Note dated February 14, 2001, from Eric Weiss, Office of Nuclear Reactor Regulation, to
James E. Lyons, Advisory Committee on Reactor Safeguards, Subject: Request for
Concurrence on Comprehensive Fire Protection Regulatory Guide

cc: A. Vietti-Cook, SECY
J. Craig, EDO
I. Schoenfeld, EDO
A. Thadani, RES
S. Collins, NRR
G. Holahan, NRR
E. Weiss, NRR
E. Connell, NRR
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

March 8, 2001 -

Dr. William D. Travers

Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555-0001

Dear Dr. Travers:

SUBJECT: - DRAFT REPORT, “REGULATORY EFFECTIVENESS OF THE
ANTICIPATED TRANSIENT WITHOUT SCRAM RULE"

During the 479" meeting of the Advisory Committee on Reactor Safeguards, February 1-3,
2001, we met with representatives of the NRC staff to discuss the staff’s draft report on the
regulatory effectiveness of the anticipated transient without scram (ATWS) rule. We also
discussed this matter during the 480™ meeting, March 1-3, 2001. We had the benefit of the
documents referenced.

We agree with the general conclusions of the draft report. As noted in our report on the
Regulatory Effectiveness of the Station Blackout Rule, dated June 22, 2000, we believe the
assessment of whether or not the regulatory analysis and the subsequent rulemaking are
achlevmg the desrred objectives to be an important part of the regulatory process

. The report notes the strong influence of the moderator temperature coefflcrent (MTC) on PWR
ATWS performance and of operator actions on BWR ATWS performance. Industry initiatives
to achieve longer cycles could result in msufflcrently negative MTCs at full power for a larger
fraction of the cycle length. Similarly, mdustry initiatives to uprate the power of existing BWRs
could accelerate the progress of accident sequences, thus increasing the challenge to timely
and appropriate operator action.” Such consequences could erode the safety benefits derived
from the implementation of the ATWS rule. We recommend that the approval of such fuel cycle
changes and power uprates be contingent on malntarnrng the ATWS risk at acceptable levels.

Although this particular study answered a number of appropriate questions, we suggest that
future studies of regulatory effectiveness explicitly address the following questions:

1. What contribution to risk was associated with the pertinent sequences before the rule
was promulgated?

2. What level of uncertainty was attributed to the determination of the risk contribution?
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3. In view of Items 1 and 2, why were these levels of risk and associated uncertainty” -
considered unacceptable?

4, What were the target levels of risk and associated uncertainty?
5. Why were these target levels considered acceptable?
6. What plant changes were implemented as a result of the rule?

7. What reductions of risk and associated uncertainty were actually achieved by
implementation of the rule?

8. What was the original regulatory analysis estimate of the cost of implementing the rule?
9. What was the actual cost associated with implementation of the rule?

We believe that answering these questions will lead to a more systematic and risk-informed
assessment of regulatory effectiveness. .

Sincerely,

&.

George E. Apostolakis
Chairman

/_;b

References: o . ) X

1. Letter dated October 18, 2000, from Farouk Eltawila, Office of Nuclear Regulatory
Research, NRC, to David Modeen, Nuclear Energy Institute, transmitting Draft Report,
“Regulatory Effectiveness of the Anticipated Transient Without Scram Rule,” by
Regulatory Effectiveness Assessment and Human Factors Branch, Division of Systems
Analysis and Regulatory Effectiveness, Office of Nuclear Regulatory Research, NRC.

2. Memorandum dated July 19, 1983, from William J. Dircks, Executive Director for -
Operations, NRC, for The Commissioners, NRC, Subject: SECY-83-293, Amendments
to 10 CFR 50 Related to Anticipated Transients Without Scram (ATWS) Events.

3. Letter dated June 22, 2000 from Dana A. Powers, ACRS Chairman, to William D.
Travers, Executive Director for Operations, NRC, Subject: Draft Report, “Regulatory
Effectiveness of the Station Blackout Rule.”
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L 2" Pwe March 15, 2001

Dr. William D. Travers

Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washington D.C., 20555-0001

Dear Dr. Travers:

SUBJECT:- ELECTRIC POWER RESEARCH INSTITUTE RETRAN-3D THERMAL-
HYDRAULIC TRANSIENT ANALYSIS CODE o .

During the 480™ meeting of the Advisory Committee on Reactor Safeguards, March 1-3, 2001,
we discussed the status of the Committee’s review of the Electric Power Research Institute
(EPRI) RETRAN-3D thermal-hydraulic transient analysis code. Our Subcommittee on Thermal-
Hydraulic Phenomena most recently discussed this matter with representatives of the NRC
staff, EPRI, and its contractors during a meeting on February 20, 2001. We also had the
benefit of the documents referenced. - ’ . ‘ '

" In early 1999, we reviewed the RETRAN code documentation. On July 14,1999, ACRS
Member Dr. Graham Wallis presented a critique of the'momentum equations in RETRAN to the
ACRS. During 1999 and 2000, the staff raised several questions concerning the momentum

~ -equations, both informally and formally, through requests for additional information (RAls).

EPRI responded to these RAls on April 27, 1999, October 22, 1998, and March 6, 2000.

Additional written material was submitted by EPRI on February 15, 2001. During the February

20, 2001, Subcommittee meeting, EPRI representatives agreed to reconsider the justifications

of the momentum equations in RETRAN and the example problems illustrating their use for

modeling specific components.

The major concerns identified by the Thermal-Hydraulic Phenomena Subcommittee regarding
the momentum equations are summarized by ACRS Member Dr. Graham Wallis in the
attached documents.

Sincerely,

George E. Apostolakis

Chairman
Attachments:
1. “Discussion on Momentum Equations,” by ACRS Member Graham Wallis, dated
February 25, 2001. ;
2. “Comments on EPRI Response to RAls and Other Recent Submittals Concerning the

RETRAN Code,” by ACRS Member Graham Wallis, dated February 25, 2001.
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Safety Evaluation Report by the Office of Nuclear Reactor Regulation for EPRI NP-7450
“RETRAN-3D - A Program for Transient Thermal-Hydraulic Analysis of Complex Fluid
Flow Systems,” undated. -

Letter dated February 15, 2001, from L. Agee, Electric Power Research Institute, to
Graham Wallis, ACRS, Subject: Closure of the NRC RETRAN-3D Review.

Letter dated March 6, 2000, from G. Swindlehurst, Duke Power, to NRC Document '
Control Desk, Subject: Project No. 669 - Review of RETRAN-3D, Submittal of Additional
Information.

Letter dated October 22, 1999, from G. Swindlehurst, Duke Power, to NRC Document
Control Desk, Subject: Project No. 669 - Review of RETRAN-3D, Response to RAI
Letter dated August 25, 1999. o :

Response to Office of Nuclear Reactor Regulation Request for Additional Information,
EPRI Topical Report NP-7450, RETRAN-3D Project No. 669, dated April 27, 1999.
Office of Nuclear Reactor Regulation, U. S. Nuclear Regulatory Commission, “Staff
Conference Call Follow Up,” documenting results of NRR/EPRI conference call of
August 29, 2000, pertaining to NRR review of RETRAN-3D. ’

Letter dated November. 29, 2000, from Theodore Marston, EPRI, regarding ACRS
Member Graham Wallis presentation to Commission regarding need for more realistic
(best-estimate) thermal-hydraulic computer codes.

Comments by Graham Wallis on his review of RETRAN-3D, “Continuation of Review of
RETRAN-3D,” dated May 23, 1999. SR

Memorandum dated September 2, 1999, from P. Boehnert, ACRS, to ACRS Members,
Subject: Supporting Documents - G. Wallis's Discussion on Status of EPRI RETRAN-3D
Code Review - 465" ACRS Meeting, September 1; 1999. y
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DISCUSSION ON MOMENTUM EQUATIONS

By ACRS Member Graham Wallis, February 25, 2001

"~ The momentum balance equation for a stationary control volume is (see any
textbook)

“Watf(pvydv =- [pdA + [1.dA - [vpv.dA) @)

For engineé’ring purposes, thls is usually reduced to the forrh
Id“r/dt.= - ZplAi + FW - Z(pvi.Ai)Vi (2)

Equatxon (2) isa node/port descnptmn Where the velocities, v, at each port,

* i, are assumed to be uniform. The usual idea is to compute the rate of
change in flow rate, dW/dt, across some internal surface in the node and
step forward in time. The flow rates, W, throughout the system modeled by
a set of such nodes will be solution variables that are updated as the -
numerical transient proceeds. The coefficient, I, is the effective vector
inertia of the fluid in the node, with units of length. It represents an
approximation, particularly if the flow is not uniform. It is also a significant
assumption that the momentum in the node is proportional to the flow rate,
W, (which is a scalar quantity) across some defined surface in the node.
This is not so bad for single phase incompressible flow with ports at the end
" of the nodal volume, because the flow is the same across any surface in the
node that does not intersect the ports. For more general compressible or
mulnphase flows with many ports, the momentum in a nodal volume i is not
so easy to figure out. F, is the force from the walls. The shear stress'
contribution to the forces at the ports is usually neglected.

To illustrate the importance of the wall force, consider a couple of parallel
similar pipes in the x-direction joined by a 180-degree bend in the -
horizontal x-y plane and filled with an incompressible inviscid fluid. The
momentum in the two pipes cancels and the total momentum in the system
is all in the y-direction. ‘The pressure and momentum flux terms on the right
hand side of Equation (2) all act in the x-direction, so it is only the net 'wall
force acting in the y-direction that is available to change the net fluid
momentum in the system. This force may actually be computed by first

ATTACHMENT 1
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using mechanical energy conservation to get the acceleration and then using
the y-component of the momentum balance to deduce the wall force.

There are several important features of Equation (2) that present difficulties
to the code developer:

1. Itis a vector equation. It can only be reduced to one-dimensional form
if the flows and forces all act in a single direction, which is not the case
for flow around a bend, for instance. If it is resolved in some direction to
obtain a scalar component, then all terms must be resolved in a
consistent way.

)

The force from the walls is unknown and cannot be determined from
known quantities without invoking some new information, except in
trivial cases which are probably limited to a straight pipe. This force is
made up of resultants from both normal (pressure) and tangential (shear)
components. )

3. The pressures at the ports or junctions (node boundaries) act on areas,
These areas cannot be made to disappear except when the flow is in‘a
straight pipe and the equation can be divided through by the area. No
amount of algebra can make the areas disappear in the general case, '
though the "momentum" equations in some codes are written without

- areas multiplying pressures at the junctions.” To get an equation like _
Bernoulli’s in which the pressures do not multiply areas and the
formulation is one-dimensional, you have to integrate a differential form
of the momentum balance along a streamline. This is strictly invalid -
when streamlines get mixed up in nodes, through turbulence or flow
separation, but such an approach has also been tried as an alternative
way to get usable equations for codes.

The biggest problem is Item 2. It is basically insurmountable in any
general way. Attempts have been made to derive the force from the walls
from another principle, such as conservation of mechanical energy.
However, the forces from walls are usually imposed by stationary surfaces.
They, therefore, do not work and do not contribute to the energy balarice.
Therefore, there is no way that the energy balance can be manipulated to-
solve for the wall force.
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Conservation of mechanical energy is sometimes used in place of the

momentum balance to provide an expression for dW/dt Bird, Stewart and

- Lightfoot [Reference 1] discuss the conditions for va11d1ty of such a balance

(e.g., constant density or constant temperature). They solve the examp]e of

oscillations of a manometer this way. This method has not been developed

"asa general derivation that mi ght apply to two-phase flows of the type that
occur in reactor systems _

The approach taken in all codes is to denve a momentum balance for an
extremely simple geometry, such asa long ‘straight pipe. The result is then
usually applied with little or no explanation or justification to other shapes
and situations. I think it is true that the (long) straight pipe is the only case
in which it is possible to overcome the three difficulties listed prev1ously
With some allowances for "averaging," Equation (2) can then be expressed
as

-

LdWidi= pA-pA - 7,7DL + p,v7A - pvA . (3)

Where L is the length of the pipe, subscripts denote the inlet and exit; A is
the cross-sectional area, D the dlameter (or. effective dlameter) and the '
velocities are all in the direction of the pipe axis. The wall shear stress is
computed from the steady-flow friction factor, though friction is stnctly not
the same in unsteady flow. If Equatlon (3) is divided by A and the’ pipe is
assumed to be circular, we get

L/A dW/dt= p,-p, - T,4LD + pyvi® - pvy’ (4)

If the fluid is incompressible or suffers no change of density the last two
terms cancel each other and disappear. Similar equations can be deduced
»for each phase in the two-ﬂuld model '

Even when applymg these methods to stralght p1pes care may need to be
taken near ends or junctions where flow is not one-dimensional. The
lengths; L, of nodes must be chosen to correspond to reglons where the o
properties do not change too rapldly

It is not directly evident from the documentation, but presentations from

proponents of the RELAP and TRAC codes lead me to conclude that most
of the reactor system is modeled as a series of straight pipes connected by
nodes of zero length that contribute frictional losses but no inertia. Bends,
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for example, are modeled as a series of these straight pipe segments and the
additional llo'ssés contributed by the non-straight shape are added in between

these segments.’ More complex nodes are modeled in an ad hoc manner that
has evolved with time and experience.

RELAP and RETRAN also make use of a derivation for two coaxial straight
pipes connectéd by a sudden change of area. 'The pressure difference
across the junction is taken as given by the steady flow loss coefficient and
it is assumed that this all occurs in zero length. This is no different from the
idea of joining two stfaight pipes with a valve or other "resistance” and
there is no need for the pipes to be oriented in the same direction.

Denoting one pipe bylth'e subscript "a" and the other 'By‘"b" we have two
equations like Equation (4) as follows:

L/A, dW/dt=p,-p, - 1T, 4L/D, + pv;® - povy 3

L/A, dW/dt= py-p, - T,4L/D, + pyv2 - pv  (6)

The pressi;re’ chaﬁge '@cross the junction is assumed to be given by the
steady-state correlation, which could take the form,

Po-Ps = k¥%py? ()
with "k" being a loss coefficient for the junction.

There is nothing special going on here, just building up a composite piece of
a circuit by combining two straight pipes and a junction. ,

Having read Bird, Stewart, and Lightfoot, the ﬁELAP developers decided to
express the empirical losses across the junction another way. The pressure
change is expressed in terms of mechanical energy losses, or as a loss in
Bernoulli head.  This is strictly only valid for an incompressible fluid,
though some WOrkablé derivations might be possible for other conditions, -
such as isothermal flow, if done carefully. Then Equation (7) is expressed-
as

P;-DPs = -¥2p,v,}? +% A k. ¥ pv? 8)
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* where k. i is a coefficient of mechamca] energy loss, 1 have left the velocity

*‘and density in the last term wrthout subscnpts as the appropnate conditions
have to be defined. This, of course, is part of the definition of the empirical

‘loss coefficient k.. Ihave also used subscnpts on the "kinetic energy"
terms, adding to the definition of the loss coefficient. I believe this loss

- coefficient is simply taken from single-phase flow tests; so it is something
of a reach to apply it to an unsteady two-phase flow with density change.

‘If we use Equatron (8) to eliminate the mtermedlate pressures, p 2 8 and Ps»
from Equatlon (6) plus Equatron @)) the result is

L/A, dW/dt+ L/A, dW/dt = p, - p, +(- T, 4L/D Tw 4Lb/Db -
Y2, szzz + %2 P3V32' k. Y2 PV2)+91V1 - p4V4- O, .

In RETRAN itis asserted that the two terms on the Teft hand side can be
combined by assuming that both of the W’s are the same as some "W" for
the "junction”. The term in parentheses is interpreted as some sort of total
loss for the system, and the two last terms are interpreted as momentum
fluxes in and out of the combrned system. This is how the A’sare made to
dlsappear from what would be an equation resembling Equation (2) if
“written as the’ momentum equation for the whole works of two pipes plus
junction. It then seems to be assumed, without argument that a similar '
equation applies to any shape or component in the system, except when a
special model is derived, as for a pump. RETRAN has sketches of more
general shapes, but there is no proper derivation of a momentum balance for
them, just an equation ‘writteni down to 160k like the ' two-plpe-plus-
junction” (TP+J) case.

Note that Equatlon )i 1s a scalar equatron unlike Equatlon (2) It does not
represent a "momentum balance" for a control volume and it cannot be

"resolved” in some direction. However, in RETRAN a modification is
made to change the two final terms in Equation (9) to p,v,V,y, - PsVeVay
where the subscnpt is supposed to denote the component that lies in the
direction of the Juncnon R have yetto see a convincing derivation of this
result. It seems to be a sort of hybrid between Equation (2) and Equation
(9) in which the momentum flix terms are resolved in some chosen
direction, as the ones in Equation (2) would have to be to obtain a scalar
result. Since the direction is arbitrary, different results can be achieved,
over a limited range, at the will of the user.
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If the fluid is incompressible, or of constant density, then v,=v, and v,=v, so
that Equatlon 9 reduces to a form of Bernoullr equatlon with losses (which
_the RETRAN version with "resolved" momentumn fluxes does not, an ,
indication that something is almost certainly wrong) This particular result
can be deduced from the principle of mechanrcal energy conservation, as

long as the density is constant, which is not the case in a general two-phase
flow.

The TP+J model can also handle some aspects of momentum addition from
side branches, as in ECC mjectron into a cold leg. If a flow W is 1njected
from a connection to the side of pipe "a" with velocity’ component v, in the
‘direction of the pipe axis, then an additional source of momentum equal to
W_v_ appears on the right hand sides of Equations (5) and (9). RETRAN
also has such a term, but the definition of the veloc1ty component is
ambivalent. The example of the wye-junction in the RETRAN text (EPRI
NP-1415 [Reference 2]) seems to indicate that this term was improperly
evaluated i in that case.

The RETRAN docurnentanon at least acknowledges that there isa need to
develop an'equation descnbmg a general shape with several connections to
ports or Juncnons There i is just no good ranonale for the result and no
examples showmg how to use the method for the sorts of nodes, other than
straight pipes, that occur in models of nuclear systems. ' There are some
other concerns with the documentation, including:

1. Derivarions of momentum equations in various forms that appear
questionable.
2. Examples of applications to bends, tee-Junctrons wye-junctions that

appear wrong at an elementary level, even if one accepts the basic
equation used.

3.  Strange features such as resolving the scalar flow rate in each
coordmate drrectron as if it were a vector and 1nterpolatmg these
components in ways that seem to defy physrcal reallty This shows
up also in the worked examples, where some odd terms are derived.

4. Mrsplaced appearance of rigor, when it would be better to explaln and
justify assumptions.
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5. A method of "resolving" the momentim flux terms that seems to be
arbitrary and makes it possible to achieve a range of different results,
depending on the user’s choice of the angle .

These points are examined in more detail in the accompanying document
"Comments on EPRI Response to RAIs and other Recent Submittals
concerning the RETRAN code.”

Do these inadequacies or limitations or "assumptions" matter for the
purposes of nuclear safety calculanons? _Perhaps. .In some cases, the
transients are so slow that the momentum balance collapses to the steady
flow result and correlations for "pressure drop suffice. Some transients
appear to be dominated by the mass and energy balances, which are much
easier to compute, as they deal with scalar quantities and the transfer from
walls can be evaluated. In other cases, t}ungs may not be so simple.
Because all the treatments of momentum ‘balances are very rough -
approxunatlons it would seem a good 1dea to run sens1t1v1ty tests on all the
coefficients, and perhaps on the structure itself, in these equations to

“ explore if and when this makes any significant difference to safety
conclusions and to provide explicit guidance for a user about possible
problems or limitations.

In any case, it is not good for public confidence to have documentation that
appears of doubtful validity to an informed observer.

Nomenclature:

A area

D diameter

F force

k loss coefficient
L length

p pressure

t time

v  velocity

W mass flow rate

p density
T  shear stress
Yy angle defined in RETRAN
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Bold symbols denote vectors or tensors
Subscripts:

a,b Two pipes

e enmergy . =

i a general port or juriction

s from a side junction

w  atthe wall

1,2 ends of the first pipe

2,3 before and after the junction
3,4 ends of the second pipe
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COMMENTS ON EPRI RESPONSE TO RAIs AND OTHER RECENT
SUBMTTTALS CONCERNING THE RETRAN CODE - . .
By ACRS Member Graham Walhs February 25, 2001

"ACRS reviewed the documentation of the RETRAN code in early 1999.

On July 14, 1999, Dr. Wallis presented a critique of the momentum
equations in RETRAN to the ACRS. During 1999 and 2000 the staff raised

several questions concerning the momentum equatrons, both mformally and
as formal requests for additional information (RAIs). EPRI submitted
responses to these RAIs on Apnl 27 and October 22, 1999 and March 6,
.2000. Additional written material was subrmtted by EPRI on February 15,
2001. -On February 20, 2001 representattves of EPRI and their contractors
+ met with' the ACRS Subcomrmttee on Thermal-Hydrauhc Phenomena at
NRC headquarters'in White Flint." At this meettng, EPRI agreed to -
reconsider the justifications of the momentum equat10ns in RETRAN as
well as the example problems 1llustrat1ng their use for modehng spec1fic
components.

" This document has been prepared to assist EPRI in ldentrfymg the major
-concerns of the ACRS and to facilitate their response. Since the uses of the
- momentum equatlons are pervasive in RETRAN, it is likely that some - -.
- illustrations and derivations, resembling those cited in this report, have not
been specifically identified. EPRI should therefore ensure that any
. proposed modlﬁcatmns or corrections to the RETRAN documentatton
and/or code content are comprehenswely anid con51stently apphed in any
new versrons ‘ .

Reference is made to the accompanymg "DISCUSSIOH on the Momentum
Equations" prepared by Dr. Wallis. v

‘ REVISED DOCUMENTATION SUBMI'I'TED WITH RAI RESPONSES

‘ EPRI enclosed "Revision 5" [Reference 1] of the1r RETRAN
documentatlon The momentum equanons are descnbed in Seeuon 3

Fxgure II 3 1 shows a strarght p1pe about whmh there is little dlsagreement

Flgure I1.3-2 shows a bend. It is described as "a shght generahzatlon " The
bend looks rather gentle, but there is nothing in the téxt that says that the
angle through which the flow is turned is small. No approximations seem to

ATTACHMENT 2 1
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be made assuming that the angle is small, so it appears that the method
should'apply to any bend, including a 180 degree one, for example.

Section 3.1.2.1'is entitled "Constant Area Channels,” yet the equations
retain different areas ‘A, and A,,, which appear later in the supposedly more
general form Equation (I1.3-27) which is written down with no additional
explanation. ' :

Equation (I1.3-4) is the vector momentum balance. It should contain the
resultant forces from normal and tangential stresses at the wall. Reference is
made to Equation (I1.2-34) to explain how the wall forces are divided up,
but this equation (in Revision 1[Reference 2],.which is what we have as the
original basic document) only gives a very general form and does not "
explain the three terms appearing in Equation ([1.3-4).. F,. later gets called
the "form losses". It is presumably the resultant of normal stress
components, because it gets'combined with the surface pressures on the
fluid surfaces later down the page. This combination does not help, as the
components are later separated again.

"Assuming a uniform pressure along the surface within each region" to get
Equation (II.3-7) is not useful because it throws out the important physics.
If the fluid were subjected to uniform pressure, there would be no resultant
force from that'source: Even if true, it would not lead to the disappearance
of the wall force du'ei to normal stresses. In steady flow around a bend, the
wall reaction is the force that turns the flow and enables the exit momentum
to be in a different direction from the inlet momentum. This is especially
evident for a 90 degree or 180 degree bend. When the flow accelerates, as
in a transient, the wall force must also be considered. It is the only force
providing the y-momentum change for a horizontal 180 degree bend with
end faces in the x-direction, for example. ‘

Equation (IL.3-7) appears to be the component of a momentum conservation
equation in the direction "i" and y is the angle between the directions k and
i. The momentum fluxes are resolved in this direction. None of the friction
forces, the gravitational forces or the pressure forces are resolved in this
direction, therefore this cannot be the scalar component of a vector
equation. Also, if this were based on a vector equation, the inertia terms -on
the left-hand side would have to be resolved in the chosen direction, so that
the L’s appearing in Equation (I1.3-9) would have to be projected in that

e

direction or redefined somehow.
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The momentum flux terms contain different areas with subscripts k and

k+1. The pressure terms do not. - This is either an inconsistency or a sign of
. conceptual confusion. : : :

The 'res'ultant of normal forces from the walls is omitted, though playian a

key role in all bends that turn a flow through a significant angle.

The equation at the bottom of the page defines "a component of the volume
.centered flow.” Now, W is a scalar and does not have components. It is
possible to define a variable by using the form at the bottom of the page, but
it has.to be used very carefully, as it has no direct physical interpretation
and may well mislead (or itself be a symptom of misunderstanding).

(Many of these points were brought up in previous ACRS critigues of this
work.)

Section 3.1.2.2 is entitled "Variable Area Channels." Figure II.3-3 actually
shows a very specific shape. It is analyzed in its one-dimensional form
rather like the TP+J model discussed in the "Momentum Discussion,"
though the figure should show two long pipes for this to be at all a good
approximation. Equation (I1.3-12) differs from the TP+J model in that the
exiting momentum is resolved in the (mysterious) direction i which does
not appear in the figure and should not be there if this is really a TP+J
model. If this is supposed to be a momentum balance then all other terms,
such as the pressure forces on the ends, must be resolved in this direction
~too. The gravitational terms should be resolved in appropriate directions
along the pipe axes, and they are not, even if this is to be a TP+J model.
This is another inconsistency. The equation is neither a true momentum
balance nor representative of a true TP+J model but some sort of unjustified
hybrid. The same is true of Equation (I1.3-20), which is the more usual
form of the RETRAN equation, containing those unusual "resolved” flow
rates. a * :

The idealization shown in Figure I1.3-5 to represent "any‘junction" is so
abstract and unexplained that it is hard to tell why it should be useful or
how to use it without reference to worked examples. *It seems unlikely that
all configurations of interest can be forced into such a framework. There
seems to be a leap of faith required to use Equation (II.3-27), which is
merely a repetition of Equation (I1.3-26). )
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It is stated that flow velocities are not necessarily normal to junctions, but
have angles ¢ to them. This leads to discussions on Pages I1-84 and II-85
of "Revision 5" in which the flow rates seem to be treated as vectors, which
is unphysical. Figure I1.3-5 is drawn with the end faces paralle] to each
other and normal to the direction "i" which seems to be defined by the
junction around the middle of the picture. Are these features requirements
of the model? What happens with less one-dimensional shapes? This
figure is vague, and there is no derivation of the momentum equation for it,
so there is really no way to check the validity of the result without looking
at specific examples. However, it is probable that the momentum balance
for a general control volume cannot always be idealized realistically in
some arbitrary way like this.

Tee Example

The noding in Revision 5 is quite different from that in Revision 1. Does
this mean that the "rules" for noding have changed in the code? How
sensitive are the answers to the actual noding employed?

Equation (IL.3-35a) is the x-direction momentum balarnce for the shaded
volume in Figure II.3-7a. The contribution of W, in taking x-momentum
out of the volume is ignored, though significant in reality, presumably
because this flow is assumed to be all in the y-direction.

It seems to be being assumed that the zetas in Equation (I1.3-28) are each
1/2. W, (bar) (I can’t figure out how to put a bar on the variable using this
computer program, so I'll have to write them in) is'set equal to (W ,+ W,)/2,
Because some flow is diverted to the side branch, it seems better to use
(W,+ W, + W,)/2.

The use of W, (bar) requires explanation as the flow appears to be
perpendicular to the left-hand boundary of the control volume and not to
have a y-component. Making it equal to W /2 is arbitrary and appears
dubious. If one is going to reason this way, it should be considered that if
only one half of W, comes in through the surface-1 (circled) then the other
half must come in through the surface labeled 2 (circled) which is unlikely
as flow is going out that way.

The arbitréry appeal to "applying the assumptions of steady-state
conditions” is odd since the whole point is to develop methods for
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transients. Even more confusing is the expression for "volume centered
, flow" at the bottom of the page. It doesn’t appear later, but would it

* somehow be used in the transient term in the momentum balance if this
were to be shown in Equation (I1.3-35b)?

Since A=A, there is no need for two areas'in Equation (II.3-35b). The loss

term is presumably quite small, if evaluated for the steady flow going -

straight through from 1 to 2. If some flow goes out the side branch, then it
will influence the losses. Then, e,* must depend on W,. :

The momenturn flux term for area 1 is incorrect in E&luzition (I1.3-35b). If
W,=0 and flow is steady, then W, =W,. The flow coming into the control
volume'is W ; therefore, the first momentum flux term should not have the
4 in the denominator. This correction would make p, = p,+ W,%/p,A;% But
this answer defies Bernoulli’s equation, if the fluid is inviscid and
incompressible, which states that the maximum pressure rise is one half of
* this at the stagnation point somewhere on surface 2. The average pressure
at 2 must be less than this maximum pressure. In reality a significant x- .
direction momentum is carried out of the cell by the flow W, , reducing the
predicted pressure rise at 2 to reasonable values. This important physical
mechanism is ignored in Equation (I1.3-35b) :

The sign of the term in square brackets in Equation (II.3-35a) and Equation
(I1.3-35b) is the opposite of what it is in the original general Equation,
Equation (I1.3-26). Ce

Equation (11.3-36a) is‘"o’dd. It cannot be the y-component of a momentum
balance because the pressure acting on surface 1 is in the x-direction while
that on surface 4 acts in the y-direction. The subscript VY is supposed to
signify the component in some specified direction (here unspecified). If R}
is y, as implied, then we should be multiplying W, by W, in the first
momentum flux term and not getting a factor of 4 in the denominator in - -
Equation (I1.3-36b) but a factor of 2. The second momentum flux term does
* 'seem to correspond to a y-direction flux, but it is unclear why the
“assumption of steady-state conditions" can be used in a transient. - .

The sign of the term in square Sréékét:é in E‘&]uation (II.3-365)>and in

Equation (II.3-36b) is wrong. The area A, in the square brackets in Equation
(I1.3-36b) should be A,. : ‘
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If this were a real momentum equation in the y-duectlon, p,; would not
appear, but the forces on the bottom and top walls in the y-d1rect10n would
have to be evaluated. There is also flow out of the 2 face; presumably it is
assumed to carry no y-momentum, though the flow across the 1 face was
assumed to have this capability.

This Equation cannot be an example of the TP+J approach because the
control volume has three connections to the outside world and cannot be
modeled by two pipes. In any case, the pipes are not "long" by any means,
and that is the condition needed for this approximation to be good.

It is actually not easy to derive a valid transient motion equatlon for this
control volume. It cannot be analyzed using the overall "momentum
equation” because of wall forces, and it does not conform'to a snnphﬁed
model, such as the TP+J case. It really needs to be modeled by some
special method, such as s running a CFD code and/or conducting experiments
and fitting the results for a range of flow splits (main branch versus tee-
branch) with an empmcal “three-port” model. However this does not.
excuse what appear to be conceptual errors in the RETRAN documentation.

Elbow Exam le

At the bottom of Page I1-91, the "steady-state assumptlon appears to be
being used. This obscures the understanding of how the method is to be
used to represent a transient. It would help if Equation (I11.3-37b) included
the transient term so that we could see how it is to be evaluated (e.g., what
L’s and W’s are to be used). This is not clear from any description in the
text.

This solution has changed from the previous version in Revision 1. In that
case, the second momentum flux term was evaluated as the square of W,

so that the factor in the denominator in Equation (II. 3 37c) was 4 and not
2V2. Neither versior reflects the physics. Ifthisisa TP+J model (how does
that work for'a bend?), then the factor should be 1. If it is a momentum
balance in the x-direction, then the total flow, W, should be multiplied by
the velocity component in the x-direction, giving a factor of V2 in the
denominator. In this latter case, the pressure force on the surface 2 would
have to be resolved in the x-direction and the reaction from the wall
somehow determined and resolved in the x-direction too.
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The "flow rates in the x- and y- directions" in the middle of Page I1-93
appear contrary to any physical interpretation. If some sort of numerical
mterpolatlon is going on, it does not seem to conespond even to the simple
situation in which the flow rate in the pipe is constant, as in steady flow.
“The "magmtude of the volume-averaged flow" hkeW1se cannot be 1/v2 .
times the steady-state flow and there is no reason to make this the case in
) unsteady ﬂow either. .

Why are A, and A, being retained when the pipe has a constant cross-
section? If it does not, then the pressure forces need to be multiplied by °
different areas if a true momentum balance is being performed.

If Equatlon (I1.3-37c) is evaluated for constant area and steady frictionless
flow, it turns out that there is an artificial pressure recovery in the bend
because the first term on the nght-hand side is bigger than the second. One
would expect the pressure to stay constant. During the February 20, 2001
‘meeting, EPRI claimed that this did not matter much as this pressure
recovery, was canceled out by the pressure loss in the second half of the
" ‘bend. This is not necessanly so. If the angle \/8 for the second part of the
bend is chosen in the same way as for the first part of the bend, being in the
'dlrectlon of the inlet face, then the same artificial pressure recovery occurs.
" In a coil of several 360-degree bends, this pressure could be used to build -
up as much pressure as desired and create a "pump" with no energy mput

Inthe prev1ous paragraph it was shown that the answer depended on the -
"choice of the arbltrary angle y. This appears tobea general fault with the
"vector" RETRAN momentum equation. One can  change the momentum
flux terms, without changing anything else in the equation, just by changmg
v and resolving them in a chosen direction. .- For frictionless steady flow in
~ a bend, for example, the pressure difference can be made to take any value
between some positive and negative limits, depending on the user’s choice

of y. This is a very undeSIrable feature of what should be a deterministic
method. ;

Wvé-Junctibn Exampl -

Dr. Walhs presentatlon to the ACRS in 1999 also 1nc1uded sumlar cntxques
of the way in. which the wye-_]unctton was analyzed in EPRI NP-1415
[Reference 3], which is the twenty-year old report out of which the present
RETRAN documentation evolved. The conceptual problems appear similar
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to those described above, though more extensrve, partly because of the

"cross-momentum" effects when flow crossmg a'surface introduces or
removes momentum with a component in a drrectlon parallel to the surface.
If the documentation is to be modified to respond to the above points, then
that example should probably also be corrected.

The Porsching Paner (The "o0ld" one, dated October 1’5. 1999 [Reference‘ 41,
that came wrth the RAI resoonses)

This paper appears to be an ‘attempt to justify the form of the RETRAN
equation, such as Equation (I1.3-26), apart from the "loss" terms.

Perhaps the first thing to note is that Porsching’ s Equatron (10) is not
compatible with Equation (I1.3-26). Equation (10) is a momentum balance
for the control volume, whereas the RETRAN equation is not. Dividing
Equation (10) by A, we find that the momentum flux terms have A,A, and
A,A, in their denommators and not A,*>and A,% as in Equation (II.3-26).
The latter resembles the TP+J form, except for the (mappropnate) resolution
of the momenturn flux terms in the direction \y The RETRAN momentum
flux terms are neither correct from the TP+) viewpoint nor from the
"momentum balance resolved in a chosen direction” viewpoint. They are an
invalid hybrid form

The momentum ﬂux terms in Equation (II.3-10) only have the same
denominators because for this example all the areas are the same. The form
in Equation (II.3-26) and Equation (I1.3-27) has no physwal basis, nor is
one provided in the text.

Porsching’s Equation (4) is acceptable if one is careful about the 1ntegrat10n
that enables the volume integral of momentum to be'expressed in terms ‘of
an average flow rate across slices perpendicular to n, throughout the
volume. . This is not spelled out in the paper. If the flow is incompressible
or steady and the ends S, and S, are parallel to S,, W, can be related to the
flow rate across the partrcular surface S,, but this is probably not possible in
general. It is not correct that L, in Equation (4) is equal to V, /A, for the
incompressible or steady flow cases. It should be equal to the physical
"distance between S, and S, in the "0" direction, if the ends are perpendicular
to this direction. Otherwrse there are corrections for the pieces of volume
that involve partial slices parallel to "0" that intersect the end faces. Ina
compressible or multiphase flow, it is quite possible for the flow rate across
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other surfaces in the volume to be unrelated to that across S SO that L,in
Equatlon @) becomes a variable that is dependent on all the detaﬂs of the
flow. In any case, something like Equation (4) may be acceptable as an
engmeenng approx1mat10n if careful definitions and restrictions are .
spemﬁed

Porschmg s Equatlon (5)is also in the form of a common engmeenng ‘
approximation. The final step in that equahon is not exact, any more than
the square of an average value of somethmg is equal to the average of the
square of somethmg This is well known in fluid mechanics and is the-
basis of correction factors for the momentum flux in a pipe with a velocity
profile, for example. However Equatlon (5) and the : resulting Equation (6)
are usually acceptable as engineering approxunanons which might require
reevaluatlon if the velocity profiles are far from umform »

The major error or at least nusleadmg denvatlon in the Porschmg paper
concerns the pressure term in Equation (10). The mtegrals in Equation (7) -
are over all the areas of surfaces to the left and right of S,. They include the
“walls of the duct as well as the : areas for flow, S,and 82 It is usual to
"separate out the net pressure forces on the flow areas, ie, the ports or
junctions connectmg to other volumes, and the net pressure force on the -
walls. Porsching’s mathematics in Equation (7) defines P, as the average
pressure on components of surface in the "0" direction over both the area S,
and all the area of duct walls on the left hand side of S,,. Physically, this has
the effect of comblmng the forces on the ﬂuld area and on the wall area into
one average pressure times a reference area A, The quanunes p;andp;-.
used in -RETRAN are averages over the fluid areas alone and are quite - -
dxfferent from Porsching’s average pressures in his Equatlon (8). Similarly,
the pressures used by Bird, Stewart, and nghtfoot [Reference 5]in
Porsching’s Equanon (13) are averages over the fluid areas and are quite
dlfferent from those in Equatlon ®. k a

New Material Submitted by EPRIon2/1501 ~ =~ - -

This consists of a letter from Larice Agee,a "new" paper by Porschmg
[Reference 6] (dated April 18 2000), and a further revision (5b) to part of
the RETRAN documentanon The letter claims that the concerns were -
suitably addressed inthe RAI responses and by the Porschmg papers. As
mentioned above, they do not remove ACRS concerns and rather serve to
reinforce previous conclusions.
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The new version of the documentation addresses the momentum equation
for a bend, illustrated in Figure I1.3-2. There is nothing about the bend
being slight. Indeed the' method is later applied to a 90-degree bend. .

Here, for the first time, the authors consider the resultant of normal forces
on the wall. [Actually also friction, if one wants to be exact. It is not true
that the net friction and form forces are all taken care of by the steady-state
pressure gradient, as claimed. A proper momentum balance for a general
shape in steady flow will show that the net frictional force on the wall and
the normal stresses associated with “form losses" do not just "balance the
pressure difference" because the end forces have to be multiplied by the
corresponding areas and resolved like vectors, while the pressure change
does not. This'is part of the continuing confusion in RETRAN between a
true momentum balance and a "pressure difference” that crops upin a
Bemoulli-like or "mechanical energy"” or TP+J equation. To demonstrate
this, consider a 180-degree bend of constant cross-section, with an
incompressible fluid flowing through it in steady flow. The resultant of the
wall shear stresses is in the diametral direction (0 degrees t0180 degrees)
while the pressure forces on the ends reinforce each other (rather than being
in opposition) and act in the 90-degree direction, being balanced by the wall
forces in that direction. - The idea that friction forcés and form losses -
balance pressure drop in the momentum equation is naive and based on
extrapolation of experience with a straight pipe].

There is an S, 'on the integral in Equation (I1.3-5). 'Equation (IL.3-5a)
breaks this down into forces from the end faces and from the walls.
Equation (I1.3-6a) is similar to the derivation in the "old" Porsching paper.
In this equation, the p, and p,,, are not average préssures over the junctions
but are averages over the entire surface of the control volume including the
walls. They are quite different from the average pressures over the ends.
The math from Equation (I1.3-6b) to Equation (I1.3-6e) is essentially the
same as was used by Porsching ("old" paper), except that in his more
genera] case, the A in Equation (I1.3-6¢) would have the subscript 0.
Equation (I.3-7) is essentially Porsching’s Equation (10) with no allowance
for the different subscripts on the areas, which confuses its later
modification to a form in which the areas of the inlet and outlet and some
characteristic area (A,) of the volume are all different. (The earlier version
of this derivation, Revision 1, contained an'upstream area A, and a o
downstream area Ay,;- These multiplied the cqrgéspohding pressures in the
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momentum balance, Equation (I1.3-9) but were not resolved in the d1rect10n

y. These area factors were made to disappear in Equation (I1.3-10) of

Revision 1, the "RETRAN equation," by making the areas equal and

dividing the equation by the area. When the areas are unequal this cannot

be done and the RETRAN equation does not result. It is even stated in

" Revision 1 that Equatron "(I1.3-10) is valid only for the case of ﬂow ina
channel of constant cross-sectional area." ’

At the presentation on February 20, an argument was advanced that the
pressures could be assumed to be uniform in the two regions before and
_after the * _]unct10n In this case, there is no need to perform the
mtegratrons between Equation (I1.3-5a) and Equatlon (I1.3-6e). ACRS

" consultants oplned that such sweeping assumptions in effect throw out the
major physical phenomena and should not be made. In'amore = _
mathematrcal sense, there is no direct relationship between the average _f

. pressure over a volume and the average pressure over the surface area* -
surroundmg that volume. As an example, the force from the walls that turns
‘the flow in a bend reflects the difference in the pressure forces on the inner
and outer sides of the bend. If one applies the volume-average pressure
over the whole surface, there is no force to prevent the ﬂow from contmumg
stranht ahead. - : -

In sum the cnthue of Porschmg s "old" paper outhned above appears to
apply equally well to the newest attempt to justify the RETRAN equation,
albeit in a simplified form. Average pressures of various sorts should not be
mixed up. There is also a sleight of hand in deriving a result in which all
areas are equal and later generahzmg itto cases where they are not.

The new Porschmg paper (Apnl 18 2000) appears to recogmze two of the
basic problems outlined in the "Discussion," but his resolution of them
seems inconclusive, merely suggesting that some soit of engineering
approximation might be found.

His Optron lis the old story Equatmn (19) is the forrner Equatron (10)

with all the ) prevrous faults . The pressures appearing there are averages over

the entire surface and not just over the ports or ends. : RS
- .-Iw e ‘ T i

Optlon 2 is a new varratron that appears essentlally the same, but s seems to

involve resolvmg the total areas on each side of A, into two arbitrary

directions. Itis not clear how this helps to get rid of the net force from the
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wall (it is physically real and canriot be éxcluded from a macroscopic
momentum balance by mathematical juggling).:

It is unclear if there is a problem with the orientation of surfaces, as
discussed under "Remarks." . The area A, is equal to the area of any closed
surface built on it, to the right or left, as long as one keeps track of the
vector nature of surface elements. These surfaces can have any number of
folds and wrinkles. That is not the problem.

Equation (26) seems to face up to the real problem. The total pressure force
on one side is made up of the contribution from the walls and that from the
end. The average pressure on the end is defined in Equation (27) as p, with
a bar on it, recognizing that it is distinct from the p, that appeared in -
Equation (19). -The effort now becomes to make the wall force, the last term
in Equation (28), go away somehow. This is acceptable for a straight pipe
[Case (a)], and perhaps as an approximation for a pipe with'a slight bend or
wrinkle in it [Case (b)]. But there is no justification for neglecting the term
in general and none seems to be offered. ‘

Section 2 of the "Remarks" admits another fundamental problem, how!to
relate the various W’s to each other. However, there appears to be nothing
definite in this section that resolves the problem, just a discussion of how
"averaging’ might be the way to do it.

RAI 1

This refers to Atta;chment 2 and is concerned with explaining how the
RETRAN momentum equation applies to nodes of more complex shapes.

Figure 1 shows a sti*aiéht pipe and is useful for défining the staggered grid
approach and nomenclature.

Equation (3a) is said to be the "one-dimensional mixture momentum
equation.” As it involves two different areas, it cannot beé a momentum,
balance equation because the pressure terms in Equation (3a) do not
multiply areas. It must apply to a different shape than in Figure 1, probably
a tapered pipe or two pipes joined together. It resembles Equation (9) in the
"Discussion;," the "two-pipeplus-junction” model (TP+J), yet does not
contain the 1/2 p v* terms and does not reduce to Bernoulli’s equation (as it
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must) when there is no friction. So, this seems to be an equation that does
not conform to any known pattern. \ :

On page 5 (about the middle of the page), there is mention of “the
component of the volume average flow which lies in the direction of the
momentum cell." Now, there is no component of a scalar quantity like W,
so itis unclear what this means. It is also uncertain what the "direction of a
? momentum ce "is when it has multlple mlets and exits or.a complex shape

- The shapes shown in Figure 2 should be very useful for checkmg what the

RETRAN momentum approach actually 1mp11es ' "Junctmn 2 Cold Leg to
~ Downcomer" is a bend, a classical sticking point for use of momentum .
conservation. Equation (5) is to be apphed It more closely corresponds to
the TP+J model mentioned in the ' stcuss1on" but (only) the momentum
- flux terms are resolved in a chosen d1rect10n W, .is said to be the
* . "component (of the flow) that lies i in the direction of the junction." As W is
a scalar, it is unclear what this means and one has to look at the examples to
ﬁgure out how to 1nterpret the concept. . '

Tables 1 and 2 are intended to explam thlngs From Equatlon 3) and
Equation (5), it appears that the W’s with bars over them describe the flows
at the boundaries of the momentum cells and the W’s without bars are the
* flow rates in the cells that are part of the i inertia term on the left hand side of
the "momentum equation." What is meant by a "junction" is less clear,
since the momentum and mass ‘cells have different (staggered) boundaries.
It looks as if the idea is that the numbers without circles on them in Figure 2
‘label * Junctlons while the circled numbers label "volumes," so these must
be the mass and energy ‘nodes that are being described. (It looks as if the 1
above the cold leg in the lower figure should be circled. ) These roles are
‘ _reversed for the momentum cells. S

The sketches at the bottom of F1gure 2 help to show how the momentum
cell is drawn. It appears that one takes a _]UDCthl‘l such as 3, and adds

‘ together about one half of the volumes 2 and 3 (01rcled) in each side of it.

In this way a piece, such as the top of the lower plenum forms part of more
than one momentum cell, as in the central and nght-hand ﬁgures The
bottom part of the lower plenum apparently forms part of nothing and might
as well not be there as far as the momentum balances go. It is d1fﬁcult to
relate these cells to the "generalized control volumes" on Page I1-82 as that
~'would seem to make the flow come out of the bottom of the volumes in
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Figure 2 and go into the bottom of the lower plenﬁm with 1;0 way to get out.
The specific examples do not seem compatible with the "generalized"
approach.

Tables 1 and 2 are baffling, apart from the directions associated with jthe
arrows drawn at junctions which appear in the second column in Table 1.
Because the momentui cells are staggered from the others, the momentum
flux terms at the boundaries of a momentum cell do not correspond to these
"junctions” but should be evaluated at the boundaries of the shaded volumes
in the lower figures, where the: W have bars and the "junctions" have
circles. The Tables appear to contain a mixture of what appear to be Ws to
be used to evaluate flux terms for the uncircled junctions and Ws to be used
to describe'the average momentum in the circled ones. The text below
Table 1 states "The momentum flux terms 'gre evaluated using the averaging
model for the volume centered flows, where the volume centered flow is the
arithmetic average of the inlet and exit flows." Thereé is no explanation of
how averaging led to the entries in Tables 1 or 2. " "The actual equations
implemented in RETRAN-3D to perform this task are given in Appendix
A," but it is no help because it is not explained how the general equations
are applied to the particular example.

It would be vgry‘"désirabie to have the actual momentim equations deduced
from these tables presented in full. It should also be made clear what the
specific values'of all the terms actually are and how they are evaluated.
This would help to clarify the proceduresftq Be‘applied‘by a user and to

~ remove ambiguities that remain in the i)résengdeﬁnitiqns and methods. It
would additionally make it possible to evaluate the reasonableness of the
results, as was done above for the bend and tee-junction.

Describing what appear to be some of the ambigﬁiﬁés and uncertainties with
the existing documentation may help EPRI to respond more fully. For
example, the W, and Wy, terms with bars are'defined to be the flow rates
into and out'of a momeéntum cell. They seem to be resolved into a direction
v, though scalars cannot be resolved.’ In Table 1, it seems that at Junction 2
W, goes in and 1/2W, comes out. This does not correspond to any
identifiable cell in Figure 2. One-half of W, s not the flow into or out of
any région. One-half is'not the cosine of any angle of relevance to the
situation even if flows could be resolved. In the next line, Junction 3 has
1/2 W, going in and nothing coming out. This is probably another example
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of the "mterpolatlon" that gave strange results that defied the concept of
continuity in the bend example.

" Inany case, there is no indication of how these values might be

mcorporated into the momentum equation for the shaded region called
"Junction 2, cold leg to downcomer” in Figure 2. There is also no -
discussion of how to evaluate the "L" factor in the transient term and what
appropriate "W" to use there. Therefore this example does little to help the
user understand the approach.

The text on Page 10 does not help either. If steady state conditions_ are
assumed so that "W,=W,=W, " then how is this compatible with a -
"transient” analysrs" Why is W with a bar "simply W," and not
“something like (W,+ W,)/2? Flow rates do not have components so how
‘can x- and y- components be defined, and how can they be deduced to be
1/2 W, which seems physically unreasonable"

The average orientation of the shaded volume is called theta and sa1d to be
315 degrees (not a volume average) but this is not the same as y and

anyway there is no theta in equation (5) so it is unclear what this is to be
“used for. At the end of the discussion of Junction 2 on Page 10 it is said
that the factor 1/4 arises because of angular effects.- Now; remember that
the TP+J model i 1s a scalar model (see the “Dlscussmn") and the pv? terms
do not have to be "resolved” any more than the pressure terms do, so there
are really no "angular effects” if this model is bemg used. During the
meeting on February 20, a few examples were given to show how these
hypothesized "angular effects" could give rise to sxgmﬁcantly different
results, for example at the tee-junction between the surge line and the hot
leg, that might influence flow distribution during a transient.

Looking briefly at the other examples involving the lower plenum, it is
unclear why the Junctions 5 and 6 are said to have no momentum flux when
they have flows through them, why W plays no role, and how W, can
describe the momentum in the sum of the two shaded partial volumes for
volume 4. In Table 2, it looks as if Volume 3, presumably the momentum
cell around Junction 3, has no momentum in it; why? What pressure terms
are to be used to describe Junctions 3 and 4? They have four boundaries
that connect to regions containing other fluid. Equation (5) only has two
pressures in it.
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In reality, the lower plenum part of the reactor vessel is like a turbine bucket
that turns the flow coming down out of the downcomer around in the
direction of the core. A momentum balance would have to include the force
from this structure. If, on the other hand, this is to be modeled as a TP+J , SO
that Equation (9) in the "Discussion" can be used to describe it, then it is
unclear how the shaded volumes as drawn can be forced into such a
conceptual framework.  The various sketches of "general" volumes, such as
Figures I1.3-5 and I1.3-6, do not help explain either the basis of the general
RETRAN equation or how it is used to analyze a case like this.
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UNITED STATES |
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

April 10, 2001

MEMORANDUM TO: William D. Travers

Executive %tzf‘
FROM: JohnT. Larkins}/ Xec irector
Advisory Committee on Reactor Safeguards

SUBJECT: PROPOSED FINAL REGULATORY GUIDE, DG-1069, “FIRE
PROTECTION PROGRAM FOR NUCLEAR POWER PLANTS DURING
DECOMMISSIONING AND PERMANENT SHUTDOWN,” DATED
FEBRUARY 26, 2001

During the 481° meeting of the Advisory Committee on Reactor Safeguards, April 5-7,
2001, the Committee considered the subject proposed final regulatory guide and decided not to

review it. The Committee has no objection to issuing the final regulatory guide for industry use.

Reference:

Memorandum to Dana A. Powers, Chairman, ACRS, B. John Garrick, Chairman, Advisory
Committee on Nuclear Waste, Joseph A. Murphy, Chairman, Committee to Review Generic
Requirements, from Roy P. Zimmerman, Deputy Director, Office of Nuclear Reactor Regulation,
Subject: DG-1069, “Fire Protection Program for Nuclear Power Plants During Decommissioning
and Permanent Shutdown,” dated February 26, 2001.

cc: A. Vietti-Cook, SECY
J. Craig, OEDO
I. Schoenfeld, OEDO
A. Thadani, RES
S. Collins, NRR
G. Holahan, NRR
E. Connell, NRR
J. Hickman, NRR
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

©
%
, g’ ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
F3 WASHINGTON, D.C. 20555-0001
) &

April 10, 2001

MEMORANDUM TO: William D. Travers
Executive Dirgdo%jemﬁon

FROM: John T. Larkins, Exec e Director
Advisory Committee on Reactor Safeguards

SUBJECT: PROPOSED AMENDMENT TO 10 CFR 50.55a, “CODES AND
STANDARDS”

During the 481* meeting of the Advisory Committee on Reactor Safeguards, April 5-7,
2001, the Committee considered the proposed amendment to 10 CFR 50.55a, “Codes and
Standards,” and decided not to review it. The Committee has no objection to issuing the
proposed amendment for public comment.

Reference:

Memorandum dated April 3, 2001, from Samuel J. Collins, Director, Office of Nuclear Reactor
Regulation, to William D. Travers, Executive Director for Operations, Subject: Proposed
Amendment to 10 CFR 50.55a, “Codes and Standards.”

cc: A. Vietti-Cook, SECY
J. Craig, EDO
I. Schoenfeld, EDO
S. Collins, NRR
J. Strosnider, NRR
E. Imbro, NRR
A. Thadani, RES
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Frxak April 10, 2001

MEMORANDUM TO: William D. Travers

Executive Dir%ns
FROM: John T. Larkins, ﬁ/ uti %‘ér clor
Advisory Committee on Reactor Safeguards

SUBJECT: DRAFT COMMISSION PAPER REGARDING THE SAFEGUARDS
PERFORMANCE ASSESSMENT PILOT PROGRAM

During the 481 meeting of the Advisory Committee on Reactor Safeguards, April 5-7,
2001, the Committee considered the proposed Safeguards Performance Assessment (SPA)
Pilot Program and decided not to review it. The Committee has no objection to the staff's plan
to implement the SPA Pilot program subsequent to Commission approval.

Reference:
Memorandum dated April 3, 2001, from Glenn Tracy, Office of Nuclear Reactor Regulation, to
John T. Larkins, Executive Director, Advisory Committee on Reactor Safeguards, transmitting

draft copy of Commission paper regarding Safeguards Performance Assessment Pilot
Program.

cc: A. Vietti-Cook, SECY
J. Craig, OEDO
I. Schoenfeld, OEDO
S. Collins, NRR
B. Boger, NRR
G. Tracy, NRR
A. Thadani, RES
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

~ April 13, 2001

- The Honorable Richard A. Meserve
Chairman

U.S. Nuclear Regulatory Commission
. Washington,’ D. C. 20555-0001

: Dear Chalrman Meserve:
SUBJECT' PROPOSED FINAL LICENSE RENEWAL GUIDANCE DOCUMENTS

Dunng the 481st meeting of the Adwsory Commlttee on Reactor Safeguards Apl‘ll 5-7,
2001, we reviewed the proposed final versions of NUREG-1800, “Standard Review
Plan for Review of License Renewal Applications;” NUREG-1801, “Generic Aging
"Lessons Learned (GALL) Report;” Regulatory Gmde 1.188, “Standard Formatand’

. Content for Applications to Renew Nuclear Power Plant Operating Licenses:” and NEI
95-10, Revision 3, “Industry Guideline for Implementlng the Requiremenits of 10 CFR

- Part 54 - The License Renewal ‘Rule.” These documents provide guidance for preparing
and reviewing license renewal apphcatlons Our Subcommittee on Plant License

* Renewal met on March 27, 2001, to review these documents. During our review, we
had the benefit of discussions with representatives of the NRC staff and the Nuclear
Energy Institute (NEI).” We also had the benefit of the documents referenced.

= - . ~

~ ¢

Conclusions and Recommendations '

R

1 - The Ilcense renewal guidance documents should be approved for issuance.

2. The staff should encourage apphcants to lnclude the results of the scopmg process
- 'in their applications. The availability of these results will facilitate the review process
sugmflcantly and make license renewal applications more understandable.

3. The staff has agreed to update the GALL report penodlcally The staff should also
update the Standard Review Plan (SRP) and Regulatory Guide 1.188 to make them
consistent with the updated GALL report

- Discussion C P

We reviewed earlier drafts of the llcense renewal guidance documents during our
November 2-4, 2000 meeting and provnded comments and recommendations in a report
dated November 15, 2000. We concluded at that time that the draft documents
described a consistent and understandable process to support the preparation and
review of license renewal applications.
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The current versions of the guidance documents include the resolution of comments
provided by industry, the ACRS, and the public. The documents were revised to
increase focus, eliminate insignificant aging effects, improve clarity, and to include
changes resulting from the resolution of technical issues between the staff and the
industry. The documents now provide closure for the great maj“ority of aging
management issues. The staff is continuing its dialogue with NEI and current applicants
on a number of residual issues. This dialogue is likely to continue for some time as
issues are closed and other issues are identified as a result of the lessons learmned from
reviewing future license renewal applications. :

The development and staff review of previous license renewal applications would have
been facilitated by the availability of a clearly defined baseline for regulatory acceptance
that the guidance documents now provide. Given the significant number of applications
being developed by licensees and reviewed by the staff, we agree with the staff and NE|
that these documents should be approved. Changes resulting from the continuing
dialogue between the staff and the industry can be incorporated into future updates.
The staff has agreed to update the GALL report periodically. It should also update the
SRP and Regulatory Guide 1.188 accordingly. . .

The License Renewal rule requires that for those structures, systems, and components

.(SSCs) that are within the scope of license renewal, applicants identify structures and
components that are subject to an aging management review (AMR). The industry has
taken the position that an applicant needs to include in its application only a description

- of the methodology used to implement the scoping and screening processes and the
results of the screening process (i.e., the list of structures and components identified as
requiring an AMRY). The staff has modified the guidance documents to reflect this |
position. This meets the requirement of the rule, but our experience with past license
renewal applications is that the scoping process is complex, and the lack of the scoping
process results in the application (i.e., the list of SSCs that are within the scope of -
license renewal) represents a significant challenge for the reviewers and interested
members of the public. An application that includes the results of the scoping process is
more scrutable, facilitates the staff's review, and assists the staff in determining that
structures and components subject to an AMR have been consistently identified.
Without this information, the ‘staff must rely on requests for additional information, site
audits, and limited sampling of components not selected for an AMR. Inclusion of this
information in the application does not constitute a significant added burden to the
applicant and should, therefore, be encouraged.

Sincerely,

Copl o bpblee

George E. Apostolakis
Chairman
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

April 13, 2001

Dr. William D. Travers

Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washington D.C., 20555-0001

Dear Dr. Travers:

SUBJECT: CLOSURE OF GENERIC SAFETY ISSUE-170, “REACTIVITY TRANSIENTS

AND FUEL DAMAGE CRITERIA FOR HIGH BURNUP FUEL" .
During the 481 meeting of the Advisory Committee on Reactor Safeguards, April 5-7, 2001, we
discussed the proposed closure of Generic Safety Issue-170 (GS!-1 70), “Reactivity Transients
and Fuel Damage Criteria for High Burnup Fuel.” We also had the benefit of the documents
referenced.

GSI-170 was originally initiated in 1995 to address the effects of high fuel burnup on fuel
damage limits during design basis accidents such as reactivity transients. The staff has
imposed limits on fuel burnup because there are not adequate data on fuel behavior at higher
levels of burnup.

The staff has undertaken research programs to confirm the regulatory decision on the allowable
level of fuel burnup. In our letter dated March 24, 1999, we stated that conducting an expert
opinion elicitation to identify and rank important phenomena that affect high burnup fuel would
provide a sound technical basis for refining the staff’s confirmatory research program. We also
stated that the expert opinion elicitation could provide technical bases for establishing the data
and analyses needed to support applications for extending fuel burnup beyond current
regulatory limits.

Since then, the staff has held a series of meetings with expert panels and carried out
phenomena identification and ranking elicitations for loss-of-coolant accidents in pressurized
water reactors (PWRs) and boiling water reactors (BWRs), rod ejection accidents in PWRSs, and
power oscillations in BWRs. The technical issues that are listed in GSI-170 have been clarified,
and well-defined research programs are being pursued to address these issues.

We have, therefore, no objection to the proposed closure of GSI-170.

Sincerely,

George E. Apostolakis
Chairman
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Identification and Ranking.
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Dr. William D.'Travers .

**Executive Director for Operations
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Dear Dr. Travers: ' _ S

SUBJECT: . INTERIM LETTER RELATED TO THE LICENSE RENEWAL OF
EDWIN 1. HATCH NUCLEAR STATION, UNITS 1 AND 2 :

During the 481 meeting of the Advisory Committee on Reactor Safeguards, April 5-7,
' 2001, we reviewed the NRC staff's Safety Evaluation Report (SER) Related to the
License Renewal of Edwin |. Hatch Nuclear Station, Units 1 and 2. Our Subcommittee
on Plant License Renewal also reviewed this matter on March 28, 2001. During our
review, we had the benefit of discussions with representatives of the NRC staff and the
Southern Nuclear Operating Company, Inc. (SNC), and of the documents referenced.

Conclusions \ P

1. The staff performed an extensive and thorough review of the license renewal -
application for Hatch, Units 1 and 2. Although a number of open issues are yet to be
resolved, the staff has concluded that SNC has implemented adequate processes to

‘identify structures, systems, and components (SSCs) subject to an aging T
management review and to. manage age-induced degradation of these SSCs. We
_concur with the staff. . — S -

2. SNC incorporated by reference several Boiling Water Reactor Vessel and Internals
Project (BWRVIP) topical reports into the Hatch license renewal application. We
agree with the staff that the guidelines in the BWRVIP topical reports effectively
support license renewal. S . o o

Discussion

By letter dated February 29, 2000, SNC submitted the license renewal application for
Hatch, Units 1 and 2, in accordance with 10 CFR Part 54. SNC requested renewal of
the operating licenses for the Hatch units for a period of 20 years beyond the current
license expiration dates ‘of August 6, 2014, for Unit 1 and June 13, 2018, for Unit 2.

"The SER documents the results of the staff's review of the Hatch license renewal
application and additional information submitted by SNC through January 31, 2001. The
staff's review included verification of the completeness of the identification of the SSCs
within the scope of the License Renewal rule, the validation of the plant assessment
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process, the identification of the possible aging mechanisms associated with each
passive long-lived component, and the adequacy of the aging management programs.
The staff also conducted onsite inspections to verify the adequacy of the implementation
of the programs described in the application. The staff's review of the license renewal
application for Hatch was extensive and thorough.

The SNC approach to the identification of SSCs that are within the scope of the rule is
function based rather than system based as was the case in previous applications, This
approach led to correct identification of SSCs within the scope of the rule. However, as
implemented, this approach made it difficult for the reviewers to ascertain which SSCs
were in scope and which were not. This experience emphasizes the importance of a
proper choice of scoping and screening processes in facilitating the review process and
in making the application more scrutable, especially to interested members of the public.

To confirm the adequacy of the methodology, the staff had to rely heavily on the review
of supporting documents located at the site and on requests for additional information.
The staff also performed a “walkthrough” of the process for three systems at Hatch.,
This review was thorough, provided adequate evidence that SNC had identified SSCs in
scope, and identified improvements in supporting procedures to enhance the repeat-
ability of the scoping and screening processes.

The BWRVIP has developed topical reports that provide guidelines for inspection,
evaluation, repair, and mitigation of aging degradation of vessels and the internals in
BWRs. This program was expanded to include explicit consideration of provisions for
license renewal. This extensive program is documented in over 20 topical reports. The
staff has reviewed and approved most of these reports. Approval of the remaining
reports awaits closure of related open items.

Hatch has used the guidance provided in the BWRVIP topical reports in the develop-
ment of many of its aging management programs. Indications of cracking in several
reactor vessel internal components identified at Hatch have been dispositioned either by
repair or by monitoring according to BWRVIP guidelines. The large number of BWR
licensees committed to the BWRVIP program provide a continuous flow of new
inspection and evaluation data that either confirm the adequacy of the programmatic
initiatives or will provide an early warning system should unexpected degradation occur.

We reviewed BWRVIP topical reports 26, 41, and 75 that address the top guide, the jet
pump assembly, and inspection procedures and schedules for piping. We concur with
the staff that these topical reports provide an acceptable demonstration that the effects
of aging on these components can be adequately managed during the period of
extended operation.

Sincerely,

5

George E. Apostolakis
Chairman
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

May 15, 2001

MEMORANDUM TO: William D. Travers
Executive Director for Operations

FROM: John T. Larkins, Executive Director_\) Q-
Advisory Committee on Reactor Sa rds

SUBJECT: PROPOSED FINAL RULEMAKING TO AMEND 10 CFR PART 55
AND ASSOCIATED REGULATORY GUIDE 1.149, REVISION 3

During the 482™ meeting of the Advisory Committee on Reactor Safeguards, May 10-11, 2001,
the Committee considered the proposed final rulemaking to amend 10 CFR Part 55, “Operators’
Licenses,” regarding operator license eligibility and the use of simulation facilities in operator
licensing; and proposed final Revision 3 of Regulatory Guide 1.149, “Nuclear Power Plant
Simulation Facilities for Use in Operator Training and License Examinations,” and decided not
to review these documents. The Committee has no objection to issuing the proposed final rule
and associated Regulatory Guide 1.149, Revision 3.

Reference:

Memorandum dated May 2, 2001, from Bruce A. Boger, Nuclear Reactor Regulation, to John T.
Larkins, Executive Director, ACRS, Subject: Final Rulemaking to Amend 10 CFR Part 55,
“Operators’ Licenses,” Regarding Operator License Eligibility and the Use of Simulation
Facilities in Operator Licensing; and Final Revision 3 of Regulatory Guide 1.149, “Nuclear
Power Plant Simulation Facilities for Use in Operator Training and License Examinations.”

cc: A. Vietti-Cook, SECY
J. Craig, EDO
l. Schoenfeld, EDO
S. Collins, NRR
B. Boger, NRR
C. Goodman, NRR
L. Vick, NRR
A. Thadani, RES
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UNITED STAES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

May 18, 2001

Jears

The Honorable Richard A. Meserve -

Chairman

U.S. Nuclear Regulatory Commission

Washington, D.C. 20555-0001 S L.

Dear Chalrman Meserve

SUBJECT REPORT ON THE SAFETY ASPECTS OF THE LICENSE
RENEWAL APPLICATION FOR ARKANSAS NUCLEAR ONE
UNIT1 -

During the 482"‘3j meetlng of the Advisory Committee on Reactor Safeguards,
May 10-11, 2001, we completed our review of Entergy Operations, Inc.,
application for license renewal of Arkansas Nuclear One, Unit 1 (ANO-1), and
the related final Safety Evaluation Report (SER). Our review included two
meetings with the staff and the applicant. We had the benefit of the documents
referenced.
Conclusions and Recommendations .
1. - - Entergy has properly identified the structures, systéms ‘and components
(SSCs) that are subject to aging management review conS|stent with the
- requirements of 10 CFR Part 54. o
2. Aglng mechanlsms assocnated wnth passnve Iong Ilved SSCs have been
appropnately identified. SN : .
3. The programs instituted to manage aging-related degradation of the
identified SSCs are appropriate and provide reasonable assurance that
ANO-1 can be operated in accordance with its current licensing basis for
the extended license term without undue risk to the health and safety of
the public. “The programs do not explicitly address the potential for -
circumferential cracking in control rod drive mechanism (CRDM) nozzle
penetrations, such as has been observed.at the Oconee Nuclear Plant,
Unit 3. We expect that this current problem will be resolved and that the
resolution will be incorporated into the current licensing basns and camed
overinto the llcense renewal penod R

-
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-

4, The staff has performed a corﬁ;’)rehensive and thorough review of - P
Entergy’s application, and the open items identified in the January 2001
draft SER have been satisfactorily resolved .

5. The staff should determine whether modification of the current guidance
in NUREG-1801, “Generic Aging Lessons Leamed (GALL) Report,” is
required to reflect the lessons leamed from the ANO-1 application
regarding aging management of small-bore piping and medium-voltage
buried cable. )

Background and Discussion

This report fulfills the requirement of 10 CFR 54.25 that the ACRS review and

- report on license renewal applications. Entergy requested renewal of the }
operating license for ANO-1 for a period of 20 years beyond the current license
term, which expires on May 20, 2014. The final SER documents the results of
the staff’s review of information submitted by Entergy, including those
commitments that were necessary to resolve open items identified by the staff in
its January 2001 draft SER. The staff's review included verification of the
completeness of the SSCs identified in the application; the validation of the
integrated plant assessment process, the identification of the possible aging
mechanisms associated with each passive long-lived component, and the
adequacy of the aging management programs.

Our Subcommittee on Plant License Renewal met with the applicant and the
staff on February 22, 2001, to review the SER with open items. The }
Subcommittee did not identify any issues to be addressed other than the six
open items identified by the staff. This remarkably small number of open items
is due, in large part, to the fact that the applicant implemented relevant lessons
learned from the previous license renewal applications: In addition, the applicant
structured the application using the standard application format and the guidance
in Nuclear Energy Institute (NEI) Report 95-10, which facilitated the review.
Because of the small number of open items and the scrutability of the
application, we decided that there was no necessity to provide an interim report
and have reviewed the SER on an accelerated basis.

The process implemented by the applicant to identify SSCs within the scope of
the License Renewal Rule is effective. Reactor coolant system (RCS)
components were identified using the generic Babcock & Wilcox Owners Group
(BWOG,) topical reports that address aging of RCS piping, pressurizer, reactor
vessel, and reactor vessel intemals. These topical reports, which have been
approved by the staff, are applicable to ANO-1 and were used to support the
license renewal application for Oconee. All other components in scope were
determined on a plant-specific basis. At ANO-1, the safety-related SSCs
included in the quality assurance program (“Q” list), as required by 10 CFR Part
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.50, Appendix B, are those that meet the definition of “safety related” in 1 0 CFR

" 54.4(a)(1). Furthermore, the majority of SSCs whose failure could prevent

satisfactory accomplishment of any of the safety-related functions in 10 CFR

54.4(a)(1) are also classified as safety-related and included in the ANO-1“Q” list.

Therefore, the applicant was able to use the “Q” list to identify the bulk of the

. ANO-1 SSCs within the scope of the License Renewal Rule. This process has

also resulted in the conservative inclusion of some SSCs that do not meet the

- criteria of 10 CFR 54.4(a)(2). We concur with the staff that the applicant has

properly identified SSCs requiring an aging management review. .

The applicant conducted a comprehensive aging management iéview of SSCs in
scope. Aging effects of RCS components were identified using the’ _

- aforementioned BWOG topical reports. Aging effects of all other SSCs were
identified based on component material, operating environment, and operating

_stresses using plant-specific and industry-wide operating experience. Appendix

‘B of the application describes the 22 existing or modified programs and the
seven new programs implemented to manage aging during the period of
extended operation. - ‘ - R

" ANO-1 has proposed a significantly smaller number of one-time inspections than
did previous applicants. This is due, in part, to the fact that existing or modified

. ANO-1 programs manage aging effects that previous applicants do not manage
during their current license terms. Consequently, previous applicants had to
implement a larger number of one-time inspections to support license renewal.
For example, aging of small-bore piping is managed at ANO-1 by a plant-specific
risk-informed inspection program,-and therefore, does not require a one-time
inspection. We agree with the staff that the applicant has properly identified
possible aging mechanisms associated with passive, long-lived SSCs and that
the programs instituted to manage aging degradation of the identified SSCs are
appropriate. - - oL S BER
The ANO-1 application identifies cracking at welded joints of the CRDM pressure
boundary as an aging effect to be managed.: Appendix B of the application -

deécribes, the aging management program instituted to deal with this aging -
degradation mechanism; i.e., “CRDM nozzle and other vessel closure .~ .
penetration inspection program.”_ This program 'identifies primary water stress
corrosion cracking of Alloy-600 nozzles with partial penetration welds as the
aging effect of concern and ties programmatic elements, such as the frequency
of inspections, to the results of plant-specific and sister plant inspection findings.
The initiatives included in this program are adequate to deal with this identified
aging effect during the remaining portion of the current license term and during
.the period of extended operation. -However, it is likely that the recent” ™ - -
observations of stress corrosion cracking at the outer surface of CRDM nozzle
penetrations may require some revisions to the program. We have noted
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- previously that aging management programs may have to be revised if it is found
~ that new modes of degradation are occurring. '

The ANO-1 application includes time limited aging analyses (TLAA) to evaluate
the impact of neutron embrittlement on reactor vessel integrity. These analyses
determine reactor vessel resistance to failure during pressurized thermal shdck
(PTS) events and the maintenance of acceptable Charpy gppier—éhelf energy
levels. The TLAA used the methodology described in topical report BAW-2251A,
“Demonstration of the Management of Aging Effects for the Reactor Vessel.”
This topical report was reviewed and approved by the staff and reviewed by the
ACRS. Based on the composition of the limiting welds, Entergy projected that
the ANO-1 reactor vessel will not reach the PTS and Charpy upper-shelf energy
screening limits until well after 60 years of operation. The ANO-1 reactor vessel
[integrity program will be utilized to ensure that the time-dependent parameters
used in the TLAA evaluations are tracked so that the TLAA remain valid during
the license renewal period.

Entergy committed to implementing a plant-specific program to manage the
effects of fatigue. Using the correlations published in NUREG/CR-5704, Entergy
has found that the surge line, the high pressure injection/makeup nozzles, and
safe ends may reach the limits of acceptable fatigue during the period of
extended operation. To address this condition, Entergy has proposed a program
that will include one or more of the following options: refinement of the fatigue
analyses, repair, replacement, or management of fatigue effects using a program
that will be reviewed and approved by the staff. We concur with the staff that
Entergy’s proposed program is an acceptable plant-specifi¢c approach for -
resolving the concerns of Generic Safety Issue-190, “Fatigue Evaluation of Metal
Components for 60 Year Plant Life.”

ANO-1 region 1 spent fuel storage racks currently use Boraflex as a neutron-
absorber. Aging of Boraflex was identified in the application as a time limited
aging analysis. During the staff's review of the ANO-1 application, Entergy
informed the staff that Boraflex had been found to'degrade more rapidly than
previously expected, and was not expected to'last through'the current 40-year
licensing term. Therefore, a corrective action plan for the remainder of the 60-
year operating term would be identified and committed to before the end of 2002.
In Open Item 4.7.2-1 associated with Boraflex degradation, the staff requestéd
that Entergy continue to recognize aging of Borafléx as a time limited aging’
analysis and provide details on the required monitoring program. Entergy has
now provided the requested programmatic details. We concur with the staff that
either the implementation of a permanent solution’ during the current licensing
period or the Boraflex monitoring program provided by Entergy and described in
the SER provides acceptable management of Boraflex degradation during the
period of extended operation.
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The staff has performed a comprehensive and thorough review of Entergy’s
application. The applicant and the staff have identified possible aging

" mechanisms associated with passive long-lived components. Adequate

programs have been established to manage the effects of aglng so that ANO-1
can be operated safely in accordance with its current licensing basis for the
extended license term.

The review of the ANO-1 application has provnded S|gn|f|cant new information on
small-bore piping and medium-voltage buried cable aging degradation and
related management programs. As described above, ANO-1 has implemented a
small-bore piping inspection program because it has identified small-bore piping
in safety-significant locations that is susceptible to aging degradation. The staff
should determine whether current guidance in the GALL report needs to be
modified to reflect this experience. Also, ANO-1 has implemented a medium-
voltage buried cable aging management program that includes the options of
cable testing or periodic replacement of buried cables. ANO-1 has included the
replacement option because it has found that in a number of instances testing
was not effective in identifying cable degradation. The staff needs to evaluate
the adequacy of testing of buried cables and provide appropriate guidance in the
next update of the GALL report.

Dr. William J. Shack did not participate in the Committee’s deliberations on
aging-induced degradation.

Sincerely,

Cope o bbb

George E. Apostolakis

Chairman
References:
1. U.S. Nuclear Regulatory Commission, “Safety Evaluation Report Related
to the License Renewal of Arkansas Nuclear One, Unit 1,” dated April
2001.

2. Letter dated January 31, 2000, from C. R. Hutchinson to the U.S. Nuclear
Regulatory Commission, Subject: Arkansas Nuclear One, Unit 1, License
Renewal Application.

3. Letter dated March 14, 2001, from J. D. Vandergrift to the U.S. Nuclear
Regulatory Commission, Subject: Arkansas Nuclear One, Unit 1, License
Renewal Safety Evaluation Report Open Item Responses.
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Babcock and Wilcox Owners Group Generic License Renewal Program
Topical Report, BAW-2251 A,‘“Demonstrationiof the Management of Aging
Effects for the Reactor Vessel,” dated June 1996.

U. S. Nuclear Régulatgry Commission, NUREG/CR-5704, “Effects of LWR
Coolant Environment on Fatigue Design Curves of Austenitic Steels,”
dated April 1999.

U. S. Nuclear Regulatory Commission, Generic Safety Issue - 190,
“Fatigue Evaluation of Metal Components for 60-Year Plant Life.”
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
’ WASHINGTON, D.C. 20555-0001 -

May 18, 2001

Dr. William D. Travers

Executive Director for Operations !
U.S. Nuclear Regulatory Commission .
Washington, D.C. 20555-0001

Dear Dr. Travers:

SUBJECT: '~ PROPOSED FINAL MANAGEMENT DIRECTIVE 6.4, “GENERIC ISSUE
. PROGRAM”

During the 482ND meeting of the Advisory Committee on Reactor Safeguards,‘May 10-11,
2001, we completed our review of the proposed final Management Directive 6.4, “Generic Issue
Program.” During our 480™ meeting, March 1-3, 2001, we discussed this matter with
representatives of the NRC staff. We had the benefit of the documents referenced.

Conclusion

The proposed Management Directive 6.4 and the associated handbook, modified as
appropriate based on the results of the pilot study, should provide an effective way to
implement the revised generic issue process.

Discussion

The Office of Nuclear Regulatory Research (RES) has established criteria and guidance for
risk-informed technical screening of generic issues applicable to reactor and materials facilities.
The technical screening is to evaluate the possible safety implications of generic issues in a
disciplined, quantitative manner. This approach, which uses probabilistic risk assessment, is
comprehensive and provides an improved basis for decisionmaking. The screening of generic
issues uses risk insights related to changes in core damage frequency, large early release
frequency, and the product of the frequency of an accident and the averted public dose
(person-rems). We agree with this approach, particularly since all three of the above risk
metrics are to be used in the decisionmaking process.

We reviewed the reevaluation of the generic issue process along with the proposed
Management Directive 6.4, and the associated handbook to implement the revised generic
issue process and made a number of recommendations in our letter of April 19, 1999. One of
these recommendations was that the staff conduct a pilot study to evaluate the effectiveness of
using the Management Directive for implementing the revised generic issue process.
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The RES staff conducted a pilot study. The results were very informative and the staff gained
significant insights related to implementation problems. As a result, the staff developed a
number of recommendations on how to improve the generic issue process and its
implementation. We agree with these recommendations.

Sincerely,

&.

e
George E. Apostolakis
Chairman
References:
1. Memorandum dated April 11, 2001, from Ashok C. Thadani, Director, Office of Nuclear

Regulatory Research, to Directors of NRC Offices, Subject: Management Directive 6.4,
“Generic Issue Program.” C '

2. Letter dated April 19, 1999, from Dana A. Powers, ACRS Chairman, to William D.
Travers, Executive Director for Operations, Subject: Reevaluation of Generic Safety
Issue Process.
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MEMORANDUM TO:

FROM:

SUBJECT:

UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

June 11, 2001

William D. Travers

Executive Diricm/rtwg“
John T. Larkins, E}/ecuti'/é irector

Advisory Committee on Reactor Safeguards

PROPOSED FINAL REGULATORY GUIDE, 1.52, REVISION 3,
“DESIGN, INSPECTION, AND TESTING CRITERIA FOR AIR
FILTRATION AND ADSORPTION UNITS OF POST-ACCIDENT
ENGINEERED-SAFETY-FEATURE ATMOSPHERE CLEANUP
SYSTEMS IN LIGHT-WATER-COOLED NUCLEAR POWER
PLANTS,”

During the 483" meeting of the Advisory Committee on Reactor Safeguards, June 6-8, 2001,
the Committee considered the subject proposed final regulatory guide and decided not to
review it. The Committee has no objection to issuing the final regulatory guide for industry use.

Reference:
Memorandum to ACRS Members , from P. Boehnert, ACRS Staff, Subject: Revision 3 to
Regulatory Guide 1.52 (DG-1102): Design, Inspection, and Testing Criteria for Air Filtration
and Adsorption Units of Post-Accident-Engineered-Safety-Feature (ESF) Atmosphere Cleanup
Systems in Light-Water-Cooled Nuclear Power Plants, dated May 24, 2001.

cc:

A. Vietti-Cook, SECY
J. Craig, OEDO

I. Schoenfeld, OEDO
A. Thadani, RES

S. Collins, NRR

B. Sheron, NRR

G. Holahan, NRR

J. Hannon, NRR

J. Segala, NRR
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

June 12, 2001

MEMORANDUM TO: William D. Travers

Executive DEWZA_
FROM: John T. Larkins,’/ ec Director
Advisory Committee on Reactor Safeguards

SUBJECT: PROPOSED REVISION 1 TO RISK-INFORMED REGULATORY GUIDE
1.174 AND STANDARD REVIEW PLAN CHAPTER 19

During the 483 meeting of the Advisory Committee on Reactor Safeguards, June 6-8, 2001,
the Committee considered the proposed Revision 1 to Regulatory Guide 1.174, “An Approach
for Using Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-Specific Changes
to the Licensing Basis,” and associated revision to NUREG-800, Standard Review Plan (SRP),
Chapter 19.0, “Use of Probabilistic Risk Assessment in Plant-Specific Risk-Informed
Decisionmaking: General Guidance.” The Committee plans to review the proposed final
version of Regulatory Guide 1.174 and SRP Chapter 19.0 following the reconciliation of public
comments. The Committee has no objection to issuing these documents for public comment.

Reference:
Memorandum dated June 1, 2001, from Thomas L. King, Office of Nuclear Regulatory

Research, to John T. Larkins, Executive Director, ACRS, Subject: Revision 1 to Risk-Informed
Regulatory Guide 1.174 Standard Review Plan Chapter 19.

cc: A. Vietti-Cook, SECY
J. Craig, EDO
I. Schoenfeld, EDO
A. Thadani, RES
T. King, RES
M. Cunningham, RES
S. Collins, NRR
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

June 14, 2001

-
+

The Honorable Rlchard A. Meserve
Chairman , .
U.S. Nuclear Regulatory Commission
Washlngton D C. 20555-0001

SUBJECT: RESPONSE TO YOUR MAY 7, 2001 MEMORANDUM REGARDING
: DIFFERING PROFESSIONAL OPINION ON STEAM GENERATOR TUBE
ISSUES

Dear Chairman Meserve:

This report responds to the May 7, 2001 memorandum in which you requested our views on
whether immediate actions are needed, other than those already taken by the staff, to deal with
steam generator tube issues. In February 2001, we submitted to the Executive Director for

- Operations (EDO) NUREG-1740 on a differing professional opinion (DPO) concerning
alternative repalr criteria for steam generator tubes. “In that report we concluded that
alternative repair criteria were needed. The alternative repair criteria and the condition
monitoring program for steam generator tubes that the staff has endorsed can prowde
adequate protectlon of the public health and safety

We did make recommendations to the EDO dlrected partlcularly ati lmprovmg the technlcal
bases of the alternative repair criteria and the reliability of the condition monitoring program.
The more important of these recommendations are:

n Evaluate the potential for progression of damage to steam generator tubes
during rapid depressurization caused by a main steamline rupture.

u Monitor performance to search for systematic deviations from the linear bound
on the nonlinear processes of crack initiation and growth through steam
generator tube walls.

R Improve the database for the correlation of leakage with voltage for 7/8" tubes.

n Improve the analysis and understanding of radioiodine behavior during design
basis accidents.
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» Develop a better understanding of the behavior of degraded steam genérator
tubes under severe accident conditions.

We did not identify issues that demanded immediate, pre-emptory resolution for the alternative
repair criteria and the condition monitoring program to continue. We felt that the recommended
activities could be done within the context of the existing Action Plan on Steam Generators.
Research needed to act upon the recommendations could be prioritized and pursued within the
context of the current research program. We did encourage the staff to determine promptly
whether the effects of forces associated with depressurization during a main steamline break
constitute a generic safety issue and, if so, to resolve this issue expeditiously.

We find the approach the EDO has taken so far in response to our recommendations to be
appropriate. We look forward to reviewing the details of the staff's responses to our
recommendations.

Dr. William J. Shack did not participate in the Committee’s deliberations regarding this matter.
. Sincerely, |

&. Bydde—

George E. Apostolakis
Chairman

References: , ro

1. Memorandum dated May 7, 2001, from Richard A. Meserve, NRC Chairman, to George
Apostolakis, ACRS Chairman, Subject: Differing Professional Opinion on Steam
Generator Tube Issues. - :

2. U. S. Nuclear Regulatory Comr‘ﬁission,,AElvisory Committee on Reactor Safeguards,
NUREG-1740, “Voltage-Based Alternative Repair Criteria,” February 2001, - .
3. U. S. Nuclear Regulatory Commission, Office of Nuclear Reactor Regulation, Action

Plan on Steam Generators. -
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

June 19, 2001

ears

Py

Dr. William D. Travers -

Executive Director for Operations

U.S. Nuclear Regulatory Commission
Washington D.C. 20555-0001 '

SUBJECT: RESPONSE TO YOUR APRIL 12, 2001 LETTER ON ISSUES RAISED
BY ACRS PERTAINING TO INDUSTRY USE OF THERMAL-
HYDRAULIC CODES -

Dear Dr. Travers:

Thank you for your letter of April 12, 2001, in which you describe the actions that the
staff is taking to manage the issues raised by the ACRS concerning thermal-hydraulic
codes. We suggest that you reconsider two of your responses.

In response to our Recommendation 6, you state that the study would “require
substantial resources.” This assessment needs to be balanced against the cost to the
NRC in credibility with the informed technical community, and perhaps eventually in
public safety, of continuing to approve codes that for decades have contained
questionable simplifications at a fundamental level. Some of these simplifications are
extreme enough to invite serious questions by expert reviewers regarding their )

~adequacy.. We suggest that the staff assess a range of appropriate studies to justify
these simplifications." In addition to increasing ‘confidence in code predictions, results
that could be published in the open literature would help to reassure the technical
community that these codes work for good reasons and would support the
Commission’s Performance Goal of increasing public confidence.

Furthermore, you suggest that the present system, based on PIRT (Phenomena
Identification and Ranking Table) is adequate to address the issue. PIRT is a method
whereby experts agree on the important phenomena to model in a code. Although in
some cases it may provide insight into why a code may give satisfactory results despite
limitations, the PIRT does not address the question of how adequately the phenomena
are actually modeled.

The “PIRT-based assessment matrix,” mentioned in your letter as being used to assess
the TRAC-M code of the Office of Nuclear Regulatory Research appears to be an
attempt to tie the assessment process more rigorously to the results of the PIRT. We
look forward to discussing the results of this improvement with the staff later this year.
In the past, the code assessment process has been overly qualitative and has permitted
the persistence of weak elements in the codes.
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We also wish to clarify Recommendations 8 and 9.

We accept that both the Code Scaling,

Applicability, and Uncertainty evaluation

methodology and draft Regulatory Guide DG-1096 address the importance of

uncertainty analysis. We are also awa
many sources of uncertainty are not re

re that Regulatory Guide 1.174 recognizes that
adily quantifiable at the present time.

What concemns us is an excess of leeway in the expectations of the staff. This allows
treatment of uncertainties to take place in an atmosphere of negotiation in which many
arguments are qualitative and criteria for evaluation are unspecified. We believe that
the NRC should move toward establishing a mature process for evaluating uncertainties
— a process that has an intellectual backbone, is validated by data and experience, and

can be clearly communicated to the inf

References:

ormed public.

Sincerely,

L]
i

aommm——

George E. Apostolakis
Chairman

1. Letter dated April 12, 2001, from William D. Travers, Executive Director for
Operations, NRC, to George E. Apostolakis, Chairman, ACRS, Subject: Issues

Associated With Industry-Developed Thermal-Hydraulic Codes.”

2. Report dated January 11, 2001

-

, from George E. Apostolakis, Chairman, ACRS,

to Richard A. Meserve, Chairman, NRC, Subject: Issues Associated With
Industry-Developed Thermal-Hydraulic Codes. - ~ -
3. U.S. Nuclear Regulatory Commission, Draft Regulatory Guide, DG-1096,

“Transient and Accident Analys

is Methods,” dated July-18, 2000.

4, U.S. Nuclear Regulatory Commission, Regulatory Guide 1.174, “An Approach for
Using Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-
Specific Changes to the Licensing Basis,” July 1998.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

June 19, 2001

Dr. William D. Travers

Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Dear Dr. Travers:
SUBJECT:  RISK-BASED PERFORMANGE INDICATORS: PHASE 1 REPORT |

During the 483™ meeting of the Advisory Committee on Reactor Safeguards, June 6-8, 2001,
we completed our review of the staff’s report on the results of the Phase 1 effort to develop risk-
“based performance indicators (RBPIs). We also discussed this matter with representatives of
the NRC staff and the Nuclear Energy Institute (NEI) during our 482™ meeting, May 10-11,
_2001. Our Subcommittee on Reliability and Probabilistic Risk Assessment discussed this
matter on April 17, 2001. We had the benefit of the documents referenced.

Conclusions a;'td Recommendations )
Although the scopé of the Phase 1 study was limited to the technical feasibility of developing
RBPIs, our letter addresses some of the questions that might arise in the implementation of
these candidate Pls.

1. h A'rational framework has been established for gvaluatihg RBPIs and handling the
relevant aleatory and epistemic uncertainties in evaluating Pls from available data.

2. The staff should continue to develop ,I’R‘BF?Is as part of thebn‘goi‘ng effort to rhake the .
reactor oversight process (ROP) more objective and scrutable.

3. The staff should devel'op methods for assessing tradeoffs between introducing new Pls
versus reducing baseline inspections. :

4. Thg staff should investigate establishing thresholds that depend on the baseline core
. damage frequency (CDF) of the plant. }

5.  The Phase 1 report states that the green/white thresholds used in the current ROP

correspond to changes in CDF (ACDF) that vary by more tﬁan an order of magnitude
among plants. The green/white thresholds in the ROP should be reevaluated.
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6. The derivations of decision rules (thresholds for RBPIs) given in Appendix F to the RBPI
Phase 1 report should be expanded to include plant- or design-specific prior

distributions.
7. The staff should continue to explore "alternative® RBPIs.
8. The potential for unintended impacts of RBPIs on plant performance is a concern and

should be carefully considered in the development of the RBPIs.

9. The staff does not have the up-to-date risk information needed to develop RBPIs for
shutdown operations; therefore, the staff's work should focus on full-power operations
until such information is developed.

10.  There should be a publicly available peer review of the SAPHIRE code and, eventually,
the Standardized Plant Analysis Risk (SPAR) models.

11. It is premature to initiate a pilot program for RPBls.

Discussion

Pls and baseline inspections constitute major elements of the ROP whose objective is to verify
that reactor facilities are operated safely and to provide early waming of adverse trends and
deteriorating licensee performance. The Pl values are determined based on statistical
evidence from actual plant performance and, therefore, remove some of the subjectivity that is
inherent in the inspection and assessment processes. Even though inspection findings are
related to risk metrics through the significance determination process (SDP), the Pls are less
subjective. Both Pls and inspection findings provide input to the action matrix in determining
the need for increased NRC involvement in addressing plant performance issues. RBPIs have
the advantage that their relat:on to risk is direct and more transparent than that of other types of
Pls.

Although the evaluation of Pis appears to be a straightforward and objective process, it is
important to distinguish between aleatory and epistemic uncertainties to ensure that the
calculated values are statistically meaningful. The practical questions in the evaluation of Pls
are: How long should the observation period be and how many occurrences over this period
(the aleatory variable) will lead to the conclusion that the average frequency (the epistemic
variable) has shifted? Statistical methods for handling these questions are available and have
been employed appropriately by the staff in Appendix F. We encourage the staff to continue
this work.

It is important that Pis and inspections complement each other and that the collection of
redundant information be avoided. Introducing additional Pls should be justified either on the
basis that some important aspects of plant performance are not addressed well in the current
ROP or that information previously collected via inspections can now be better obtained through
the new Pis, thereby allowing reduced inspection. In order to evaluate the potential for
increased regulatory burden associated with additional Pls, the staff should develop methods
for evaluating the tradeoffs between introducing new Pls and reducing inspections.
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In the Phase 1 study, the thresholds between green and white (GW), white and ‘yellov(r'(WY),

« and yellow and red (YR) performance bands are chosen to correspond to ACDF. The GW

threshold corresponds to a ACDF of 10°/reactor-year. The ACDF values for the WY and YR
thresholds are10/reactor-year and 10“/reactor-year respectively. These values are clarmed to
be consistent with the acceptance guidelines in Regulatory Guide 1.174. We note, however, -
that in Regulatory Guide 1.174 the acceptance limits on ACDF are 10%/reactor-year when the

‘baseline CDF is smaller than 10*/reactor-year and10®/reactor-year when the baseline CDF is’

greater than 10*/reactor-year.- The staff should investigate estabhshlng thresholds that b
correspond to ACDF values that are functions of the baseline CDF.

In contrast to the Phase 1 report, the GW thresholds in the ROP are defined in terms of the
95th percentiles of the plant-to-plant variability distributions for a specmed reference penod It
is noted in the report that, due to the large plant-to-plant variability in the importance of

‘systems, the thresholds in the ROP correspond to ACDFs in excess of 10%/reactor-year for

some plants, a value that is an order of magnitude greater than the GW threshold used in the
SDP. The choice of the GW threshold in the ROP should be revised so that the ACDFs are
consistent from plant to plant. )
The statistical analyses in Appendix F provide very useful |n5|ghts into a number of decision
rules for determining the thresholds. Appendtx F shows that using generic industry information
for the occurrence of transients as the prior distribution leads to unrealistic results. For -
example, for the transient "loss of heat sink,” the number of events in a three-year period that
must occur to exceed the thresholds are: GW = 19.5, WY = 335.2, and YR = 3,461. ‘
Furthermore, regarding component unavailability, it is concluded in Appendix F that only site-
specmc data are appropriate for estlmatlng the variability of unavailability data at a plant From
this, it is evident that lndustry-W|de prior distributions should not be used

In addition, two sets of nonlnformatlve prior drstnbutlons are consndered in Appendlx F Using
these distributions means that, before collecting the data, the analysts assume that they have
no knowledge regarding the distribution of the RBPI values. This is too strong an assumption
and inconsistent with the information prowded in Individual Plant Examinations. As the report
states, the RBPIs should reflect changes in licensee performance that are logically related to
risk. To evaluate these changes, one must start with the existing distributions of the RBPIs
{i.e., use the anticipated plant performance as prior distributions) and then incorporate the
collected data to determine whether undesired changes have occurred.

To date, Pls have been defined individually. in other words, the thresholds have been set in
such a way that, when exceeded, the Pi alone indicates unacceptable performance Itis
possible, however, that several Pls may increase in such a way that the change in CDF is
significant even though ‘each Pl remains below its corresponding threshold. The questions are,
then: What is an appropriate set of Pls and by how much should they deviate from their
expected values to suspect that the licensee performance is indeed detenoratmg and that
increased regulatory attention is warranted? We commend the staff for raising this very
important issue and encourage the staff to pursue what it denotes as alternatlve approaches
for RBPI determination.” . ‘ :

For shutdown modes, the staff is proposing to consider four risk-significant states, depending
on reactor-cooling conditions, time after shutdown, and the availability of mitigating system
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trains. The RBPIs are, then, defined as the times spent in each of these states. NE| raises an
important issue regarding an unintended impact of these shutdown RBPIs: thresholds based on
time spent in each state could discourage licensees from exercising caution when warranted.
For example, a situation may arise while in the “medium” risk state that would call fora
deliberate approach, resulting in a longer time in this state. Knowing that this extension of time
may move a performance indicator to the white performance band may have an adverse impact
on the licensee’s decision. There is a similar problem with the unavailability RBPI, which is'also

based on time (the duration of planned and unplanned outages). These and other unintended
impacts should be investigated.

A more fundamental problem with the development of shutdown RBPIs is the lack of adequate
risk information. The Phase 1 report had to rely on available results that were based on
assumptions that could not be evaluated. The PRA knowledge base for shutdown modes is
much weaker than for power operations. 'In light of this observation and the NEI concemn noted
above, the staff's work should focus on the development of RBPIs for power operations until
sufficient risk information is developed for shutdown modes. - ‘ '

The development of RBPIs uses computerized SPAR models. At this time, about 30 such
models have been developed and reviewed by the licensees. We believe that the underlying
computer code (SAPHIRE) should be subjected to the Office of Nuclear Regulatory Research
process for reviewing computer codes that has been used for SCDAP, CONTAIN, MELCOR,
and VICTORIA. Peer review of the SAPHIRE code is a necessary first step that should lead
eventually to peer review of the SPAR models.

The Phase 1 reportis a gooa .steb toward the developmeﬁt of RBPIs. As noted in our
recommendations, significant work remains to be done before a pilot program is initiated. We
look forward to working with the staff on this important matter in the future.

Sincerély,

George E. Apostolakis
Chairman
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

July 17, 2001

MEMORANDUM TO: William D. Travers
Executive Director fo io
i g W‘t/' i oo
FROM: John T. Larkins, Executive Director
Advisory Committee on Reactor Safeguards

SUBJECT: DRAFT REGULATORY GUIDE DG-1108, “COMBINING MODAL
RESPONSES AND SPATIAL COMPONENTS IN SEISMIC RESPONSE”
-- PROPOSED REVISION 2

During the 484" meeting of the Advisory Committee on Reactor Safeguards, July 11-13,
2001, the Committee considered draft Regulatory Guide DG-1108 and decided to review the
proposed final version of this Guide after resolution of public comments. The Committee has
no objection to issuing DG-1108 for public comment.

Reference

Memorandum dated May 31, 2001, from Michael E. Mayfield, Office of Nuclear Regulatory
Research, to John T. Larkins, Advisory Committee on Reactor Safeguards, Subject: ACRS
Review of Draft Regulatory Guide DG-1108, “Combining Modal Responses and Spatial
Components in Seismic Response” -- Proposed Revision 2.

cc: A. Vietti-Cook, SECY
J. Craig, OEDO
|. Schoenfeld, OEDO
A. Thadani, RES
M. Mayfield, RES
K. Karwoski, RES
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

. July 20, 2001

The Honorable Richard A. Meserve

Chairman i

U.S. Nuclear Regulatory Commission
»Washington, D.C. 20555-0001

SUBJECT: RECOMMENDATION ON THE NEED TO REVISE 10 CFR PART 54,
“REQUIREMENTS FOR RENEWAL OF OPERATING LICENSES FOR
NUCLEAR POWER PLANTS”

Dear Chairman Meserve:

During the 484™ meeting of the Advisory Committee on Reactor Safeguards, July 11-13, 2001,
we heard presentations by and held discussions with representatives of the NRC staff and the
Nuclear Energy Institute (NEI) regarding the need to revise 10 CFR Part 54, “Requirements for
Renewal of Operating Licenses for Nuclear Power Plants,” to resolve generic technical issues
-associated with license renewal. We also discussed this matter during our 483" meeting on
June 6-8, 2001.. During our review, we had the benefit of the documents referenced.

Recommendation
10 CFR Part 54 is effective and efficient. It does ndt‘ ﬁeed to be revised at this time.-

Discussion

In a Staff Requirements Memorandum (SRM) dated August 27, 1999, regarding SECY-99-148,
“Credit for Existing Programs for License Renewal,” the Commission asked the staff to prepare
a detailed analysis and provide recommendations on whether it would be appropriate to resolve
generic technical issues, including any credit for existing programs, by rulemaking. These
recommendations were to be based on the accumulation of more data from license renewal
applications of different designs and on éxperience gained from reviewing more applications.

Since the SRM was issued, the staff has reviewed license renewal applications for three
pressurized water reactor plants and renewed their licenses. We have reviewed and
commented on the Safety Evaluation Reports (SERs) associated with these applications. On
the basis of our review, we beliéve that the license renewal process developed by the staff, with
feedback from stakeholders, under.the current rule is effective. This process is documented in
-a set of guidance documents: Generic Aging Lessons Learned (GALL) report, Standard .
Review Plan, and Regulatory Guide 1.188 that endorses NEI 95-10, Revision 3, “Industry
Guideline for Implementing the Requirements of 10 CFR Part 54 — The License Renewal Rule.”
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These guidance documents incorporate the resolution of technical issues, such as credit for
existing programs, thus making the license renewal process understandable and predictable.
Future updates of the guidance documents will provide the means for incorporating the
resolution of remaining outstanding technical issues without amending the rule. Although
review of the first boiling water reactor application for Hatch, Units 1 and 2, has not been
completed, resolution of the open items in the interim SER does not appear to require
rulemaking.

License renewal applications and their reviews have become increasingly efficient with
subsequent applications. We expect them to become even more efficient when licensees
endorse the approaches suggested by the now-approved guidance documents. Avoiding
rulemaking at this time will further stabilize the existing process and facilitate the submittal and
review of future applications.

Sincerely,

George E. Apostolakis
Chairman

.o
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

July 20, 2001

Dr. William D. Travers

Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Dear Dr. Travers:

SUBJECT: . DRAFT NUREG-1742, “PERSPECTIVES GAINED FROM THE INDIVIDUAL
. ' PLANT EXAMINATION OF EXTERNAL EVENTS (IPEEE) PROGRAM

During the 484th meeting of the Advisory Committee on Reactor Safeguards July 11-13, 2001
we reviewed the draft NUREG-1742, Vols. 1 and 2. During this review, we had the benefit of
discussions with representatives of the NRC staﬁ and the documents referenced. Our
Subcommittee on Rehabrhty and Probablhstlc RlSk Assessment dlscussed this matter on June
22, 2001. .

We agree with the staff that the IPEEE Program has been generally successful‘in meeting the

-intent of Generic Letter 88-20, Supplement 4, “Individual Plant Examination of External Events
(IPEEE) for Severe Accident Vulnerabilities - 10 CFR 50.54(f),” and has had a positive impact
on safety.

Most IPEEESs are not based on probabilistic risk assessments (PRAs) and cannot be used in
risk-informed regulatory decisionmaking. Most licensees chose to employ screening analyses
and, consequently, the major external-event contributors to risk cannot be identified. Even with
this limitation, the IPEEEs have confirmed the findings of earlier PRAs that earthquake- and
fire-initiated accident sequences are important contributors to risk. This demonstrates the need
for external-event PRAs to implement risk-informed regulatory decisionmaking.

The IPEEE results demonstrate the importance of human performance. Station blackout with
failure to align and initiate the steam-driven auxiliary feedwater pump is one of the dominant
earthquake-induced sequences for pressurized water reactors. For boiling water reactors, the
dominant sequences following an earthquake include the failure of manual actions to recover
power. Several manual recovery actions appear in risk-significant fire-initiated sequences, such
as starting diesel generators and opening motor-operated valves when fire-induced cable
damage occurs.

The report states correctly that there is no strong technical basis for the human action
probabilities that are used in the IPEEEs. There is a clear need to improve the methodology

103



2

used in the evaluation of the probability of unsatisfactory human performance. This should be
identified as an important methodological issue for fire- and earthquake-initiated sequences.

We will comment on the unresolved safety issues and the generic safety issues that were
addressed by the IPEEE Program after the staff responds to public comments on the report.

Sincerely,
&o )

George E. Apostolakis
Chairman

References:

1. U. S. Nuclear, Regulatory Commission, NUREG-1 742, Vols. 1 and 2, “Perspectives-
Gained From the Individual Plant Exarnination of External Events (IPEEE) Program,”
Draft Report for Public Comment, April 2001.

2. U.S. Nuclear Regulatory Commission, NRC Generic Letter No. 88-20, Supplement 4,
“Individual Plant Examination of External Events (IPEEE) for Severe Accident -
Vulnerabilities - 10 CFR 50.54(f),” dated June 28, 1991, -

3. U. S. Nuclear Regulatory Commission, NRC Generic Letter No. 88-20, Supplement 5,
“Individual Plant Examination of External Events (IPEEE) for Severe Accident
Vulnerabilities - 10 CFR 50.54(f),” dated September 8, 1995.

4. ACRS Report dated June 6, 1996, from T. S. Kress, Chairman, ACRS, to Shirley Ann
Jackson, Chairman, NRC, Subject: Potential Use of IPE/IPEEE Results to Compare the
Risk of the Current Population of Plants With the Safety Goals.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

July 23,2001

The Honorable Richard A. Meserve
Chairman

U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

SUBJECT:  SOUTH TEXAS PROJECT NUCLEAR OPERATING COMPANY REQUESTS
-FOR EXEMPTION TO EXCLUDE CERTAIN COMPONENTS FROM THE
SCOPE OF SPECIAL TREATMENT REQUIREMENTS REQUIRED BY
REGULATIONS (OPTION 2) I

Dear Chairman Meserve:

During the 482™, 483", 484™ meetings of the Advisory Committee on Reactor Safeguards,

May 10-11, June 6-8, and July 11-13, 2001, respectively, the Committee met with
representatives of the NRC staff, the South Texas Project Nuclear Operating Company
(STPNOC), and the Nuclear Energy Institute (NEI) to discuss STPNOC’s requests for
exemptions from certain Nuclear Regulatory Commission (NRC) regulations, including the
adoption of a risk informed approach to the categorization and treatment of structures, systems,
and components (SSCs). This matter was also discussed during a February 21, 2001, meeting
of the Plant Operations and the Reliability and Probabilistic Risk Assessment Subcommittees.
We also had the benefit of the documents referenced.

Recommendation

We concur with the staff that the STPNOC exemption requests should be granted as
recommended in the preliminary safety evaluation report dated June 5, 2001.

Discussion

NRC regulations contain special treatment require'm‘gants that impose controls to ensure the
quality and reliability of SSCs that are safety-related, important to safety, or otherwise within the
scope of the regulations. These special treatment requirements include quality assurance
(QA), environmental and seismic qualification, inspection and testing, and performance
monitoring. ] ‘

STPNOC has requested exemption from regulatory requirements for some SSCs. STPNOC

has categorized SSCs based on risk rather than using the regulatory definition of basic
components as found in 10 CFR 21.3.

105



2

The staff has determined that some requests for exemption should be granted and some
should be denied, as follows:

Exemptions to be Granted

10 CFR 21.3 - Definition of Basic Component

10 CFR 50.34(b)(10) and (11) - Related to 10 CFR Part 100, Appendix A
10 CFR 50.49(b) - Scope of Electrical Equipment Important to Safety
10 CFR 50.55a(f) - ASME Inservice Testing

10 CFR 50.55a(g) - ASME Repair/Replacement & Inspection

10 CFR 50.55a(h) - IEEE 279 Quality & Qualification Requirements
10 CFR 50.59 - Changes, Tests, & Experiments

10 CFR 50.65(b) - Scope of Maintenance Rule

10 CFR Part 50, Appendix B - Quality Assurance Criteria

10 CFR Part 50, Appendix J - Type C Containment Leak Testing

10 CFR Part 100, Appendix A, VI, (a)(1) & (2) - SSE and OBE Design

Exemptions to be Denied

Licensee’s Proposed Approach Meets Regulations:

GDC 1'- Quality Standards and Records

GDC 2 - Protection Against Natural Phenomena
GDC 4 - Environmental and Dynamic Effects
GDC 18 - Inspect/Test Electrical Power Systems

* @& @&

Update to QA Program Required to Reflect Changes to Commitments:

10 CFR 50.34(b)(6)(ii) - Appendix B Information Included in FSAR
. 10 CFR 50.54(a)(3) - Changes to QA Program

STPNOC categorized all SSCs in 29 safety systems into four risk categories according to their
risk ranking. This ranking was based on a categorization process that used Probabilistic Risk
Assessment (PRA) measures and the deliberations of an expert panel. The four risk categories
were defined as:

RISC-1 - Safety-Related and Risk-Significant

RISC-2 - Non-Safety-Related and Risk-Significant
RISC-3 - Safety-Related and not Risk-Significant
RISC-4 - Non-Safety-Related and not Risk-Significant

No changes in regulatory treatment are proposed for SSCs that fall in categories RISC-1 and
RISC-4.

STPNOC has committed to upgrade the 372 SSCs in the RISC-2 category to safety-related to

the extent possible. This upgrade will result in an improvement in the safety posture of the
facility.
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The category that is of immediate interest is RISC-3, which contains the SSCs that are
categorized as safety-related under the current system, but are not considered to be risk-
significant using the STPNOC methodology. The question is: What treatment should be
applied to these components? .

STPNOC proposed that SSCs in RISC-3 be treated in accordance with “commercial practice”
rather than the special treatment requirements currently applicable to safety-related
components. Additional requirements were added to the Final Safety Analysis Report (FSAR)
to help ensure the functionality of these components. : -

""STPNOC has developed a methodology that uses PRA importance measures as inputs to the

L‘

‘expert panel’s structured decision-making brocqss for categorizing SSCs.

STPNOC has de\}eloped a state-of-the-art PRA in which the licensee, the regulators; and the
public can have confidence. The staff engaged an independent contractor to perform a review
of the STPNOC PRA and their report indicates that the STPNOC PRA is of good quality.

Regulatory Guide 1.174 requires that the changes in CDF and LERF be small. There are no
models that assess the impact of special treatment requirements on SSC failure probabilities.
STPNOC “performed a comparative risk analysis by increasing by a factor of 10 the failure rate
of the RISC-3 components to be exempted from special treatment. STPNOC justified this
choice of increased failure rate through an analysis of component failure data for safety-and
non-safety-related components using data from the Nuclear Plant Reliability Data System

" (NPRDS), the Equipment Performance Information Exchange (EPIX), and the Maintenance

Rule and Reliability Information (MRRI) database. The data showed that failure rates of
components with commercial treatment were equivalent to failure rates of components with -
special treatment. The licensee argued that the choice of a factor of 10 was bounding although
the failure data only apply to failures under normal operating conditions. Subsequently, the
licensee compared the change in CDF and LERF to the original values and concluded the
changes were acceptably small. STPNOC has also assessed the potential effect on the
probability of late containment failure. It was also acceptably small.

Only about 6 percent of the SSCs currently classified as safety-related (or about 2,400 of the
44,000 SSCs in safety systems of the two units) are categorized based on PRA importance
measures.' The remaining 94 percent were analyzed and categorized by the expert panel. The
deterministic method used by STPNOC's expert panel assured that the necessary

"instruméntatipn and controls upon which the operator m‘ay" rely in emergency and severe

‘accident conditions were categorized as risk-significant.
We have found the application by STPNOC to be adequate. Because plant-specific

considerations are so important, the STPNOC application may not be an adequate template for
similar applications by other licensees.
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Mr. Stephen Rosen did not participate in the Committee’s deliberations regarding this matter.

Sincerely,

George E. Apostolakis
Chairman
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

July 23, 2001

. The Honorable Richard A. Meserve
“Chairman .
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

o SAUBJECT:' ' ‘..CIF‘%CUMFERENTI_AL CRACKING OF PWR VESSEL HEAD PENETRATIONS
Dear Chéirman Mgéewe: '

During the 484™ meeting of the Advisory Committee on Reactor Safeguards, July 11-13, 2001,
we heard presentations by and held discussions with representatives of the NRC staff and the
Electric Power Research Institute (EPRI) Materials Reliability Program regarding industry and
staff actions relative to cracking and leaking observed in pressurized water reactor (PWR) Alloy
600 reactor vessel head penetrations, including control rod drive mechanism (CRDM) nozzles.
This matter was also discussed during a July 10, 2001, meeting of the Materials and Metallurgy
and the Plant Operations Subcommittees. During our reviews, we had the benefit of the
documents referenced.

Conclusions and Recommendations

1. ©  The décisic;n to issue a‘bulletin addressing the recent incidents of circumferential
cracking of CRDM nozzles in U.S. PWRs is timely and appropriate.

2. The staff should urgently address‘technica] issues associated with risk assessment, the
effectiveness of inspection techniques, and the completeness of damage accumulation
prediction. : C o .

Discussion ] . S oo

Cracks were recently detected during inspections of CRDM nozzles at Oconeé Units 1,2,and 3
and Arkansas Nuclear One (ANO) Unit 1. Preliminary risk assessment indicates that the
issuance of a bulletin is appropriate to request operational information from the licensees as
soon as possible. ) ‘ - , g Co

‘The staff's in-depth analysis has raised a number of technical concerns. Although plans are in
place to resolve them, the following concerns are of particular importance:
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Risk Assessment

The risk assessment activities should be expanded to include rod ejection with
coincident small-break loss of coolant accident and potential damage to adjacent
control rods.

Prioritization of Inspection Schedules

Inspection schedule prioritization during the upcoming refueling outages will be
based on an analysis of the susceptibility of cracking of CRDM nozzles in
different plants. This approach relies on the assumption that susceptibility is ,
determined by time of service and vesse! head temperature. This has led to the
grouping of each PWR into one of four “bins.” The 14 reactors in the two highest
susceptibility bins should receive highest priority in inspections of all CRDM
nozzles in 2001. Although this approach is reasonable from a technical .
standpoint at present, its accuracy will become apparent as inspections proceed.
It is prudent to consider potential modifications to this methodology including the
following:

(a) The cracking susceptibility will depend on other conjoint plant-specific
factors that can affect cracking and that are not considered explicitly in
the current susceptibility algorithm, which addresses only vessel head
temperature and operating time. These further factors include residual
stress, material composition, heat treatment, welding practices, and local
chemical environment. '

(b) As more information on the cracking of CRDM nozzles accumulates from
the upcoming U.S. inspections and from past observations overseas, the
basis for a risk-informed methodology may be formulated.

The staff should be prepared to modify any proposed inspection program and
timing depending on the results of inspections of the first group of plants (i.e.,
Fall 2001).. These early inspection results may show that it is imperative to
inspect the vessel heads of the remaining pressurized water reactors promptly.
On the other hand, they may show that it is appropriate to delay the inspections
of the remaining plants to allow improvements in diagnostic capabilities.

Inspection Methods

The current visual inspection process, which relies on detecting boron crystals at
the top of the annulus, indicates the possible presence of circumferential cracks
at the base of the annulus, but gives no information on the size and/or ]
orientation of these cracks in the Alloy 600 material. In addition, the absence of
visible boron crystals does not give complete assurance that a concentrated
chemical environment at the annulus does not exist, resulting in the rapid growth
of a circumferential crack. This concern could be addressed during the fall
outage by a full volumetric inspection of all CRDM nozzles (i.e., including those

110



3

with no boron crystals) at Oconee Units 1, 2, and 3, and ANO Unit 1. Volumetric
inspections by a qualified process in such cases makes abundant sense.”
_. Assessment of the inspection methods used to detect and size cracks in CRDM
- nozzles and nozzle welds is necessary, especially for the circumferential cracks
initiating at the base of the annulus between the CRDM nozzles and the
pressure vesse! head. CT o o

. ' lnsgeétion Periodicity N

The inspection intervals once cracks are detected depend on knowledge of crack
.. propagation rates as a function of the local material, environmental, and stress

conditions. There are data for Alloy 600 cracking as a function of stress intensity
and the temperature of the PWR primary coolant. Also, there are limited data
relevant to the axial cracking in the Inconel 182 J-weld connecting the CRDM

+ nozzle to the vessel head. The quality of these data is being evaluated by
separate expert committees convened by industry and the staff. There is no
similar data set relevant to the circumferential cracks that initiate in and adjacent
to the J-weld and that present the greatest potential structural integrity concemn.
The reason for this lack of cracking data is that the local environment in the
annulus between the pressure vessel and the CRDM nozzle is not known with

. .sufficient certainty. This problem is also being addressed by the staff.

Consideration of the above issues in conjunction with the issuance of the bulletin should ensure
that this matter is satisfactorily addressed for the short term. - The Committee wishes to be
updated once the licensee responses to the bulletin are evaluated. i

A crucial issue confronted in the proposed bulletin is the urgency of inspections of vessel head
penetrations, especially for plants thought to be less susceptible to CRDM stress corrosion
cracking. Risk would be the metric best suited for determining the urgency. Unfortunately,
neither the NRC’s phenomenological capabilities, such as the 'ability to predict time-dependent
stress corrosion cracking, nor the NRC's risk assessment capabilities are sufficiently developed
at this time to provide defensible bases for decisions on the urgency of vessel head inspections.
Sustained research to better the agency’s integrated capabilities in probabilistic fracture
mechanics and risk assessment will be needed to assist NRC in confronting future issues of
reactor coolant system degradation. '

i

Dr. William J. Shack did not participate in the Commiﬁee’s‘?delibera‘tiohs Eegardiﬁg this matter.

P

Sincerely,

- v
z R
>
f N
5

~

George E. Apostolakis
Chairman
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Letter dated May 18, 2001, from Alexander Marion, Nuclear Energy Institute, -
to Brian Sheron, Office of Nuclear Reactor Regulation, NRC, Subject: PWR
Reactor Pressure Vessel Head Penetrations, dated, May 18, 2001.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

July 24, 2001

The Honorable Richard A. Meserve
Chairman T

U.S. Nuclear Regulatory Commission
- Washington, D.C. 20555-0001

SUBJECT: , SECY-01-0100, “POLICY ISSUES RELATED TO SAFEGUARDS, - .
~" INSURANCE, AND EMERGENCY PREPAREDNESS REGULATIONS AT
DECOMMISSIONING NUCLEAR POWER PLANTS STORING FUEL IN SPENT
FUEL POOLS”

Dear Chairman Meserve: : ARSI

During the 484™ meeting of the Advisory'Committee on Reactor Safeguards, July 11-13, 2001,
we met with representatives of the NRC staff and the Nuclear Energy Institute to review: -
SECY-01-0100, “Policy Issues Related to Safeguards, Insurance, and Emergency . . .’
Preparedness Regulations at Decommissioning Nuclear Power Plants Storing Fuel in Spent
Fuel Pools.” During our review, we had the benefit of the documents referenced.

CONCLUSIONS AND RECOMMENDATIONS

1.~ The Séfet)} Goals are appropriate for applicatyion to decommissioning plants with stored
. Spentfuel. . - pe T
2. ‘Over the'nekt year, the staff should pfepare a strategy for'developing and utilizing a

safeguards probabilistic risk éssessment.(PHA) that includes the frequency of various
levels of threats for both decommissioning and operating plants.
3 The requirement for émefgency prebéredﬁess tEP) as a defense-in-depth measure -
" should be maintained until there is a better technical basis for estimating the ‘amount of
* . warning time available. - oo S o

4. The staff jsh‘c'mld initiate a stddy to determine the conditional probability of a zirconium
fire as a function of decay time. . . : .- .

DISCUSSION

Policy Issues
In SECY-01-0100, the staff identified ﬁve policy issués along with a number of options for
addressing these issues, and recommended a preferred option for each issue. Our views on
these policy issues are as follows:

113



Policy Issue #1: Should the Safety Goals for operating nuclear power plants be applied to
decommissioning plants?

The staff recommends that the Safety Goals for operating nuclear power plants be applied to
decommissioning plants while spent fuel is being stored in the spent fuel pool (SFP). The
rationale for this recommendation is that “spent fuel accidents can have public health and safety
consequences similar to a core damage accident with a large offsite release.” i

We agree with this position and offer the following additional rationaie: The Safety Goals can be
thought of in terms of a risk/benefit concept. They represent acceptable risk to the public given
the benefit of nuclear power generation. Since it is. impossible to have the benefit of nuclear
power without having decommissioning and stored spent fuel (DSF), the risk associated with
DSF is part of the overall risk associated with nuclear power. Thus, the acceptable risk (i.e.,
the Safety Goals) should also be the same as for operating plants.

Policy Issue #2: Should the Commission develop an approach usin robabilistic risk
assessment for quantifying the likelihood of sabotage that would permit reater risk-informed
regulatory decision making in the area of safequards?

Policy Issue #3: How should the Commission define the safequards protection goal to be

applied to SFPs at decommissioning plants?

Our views on po]icy issues #2 and #3 are provided below. -

The staff recommends that the new regulatory requirements for safeguards at decommis-
sioning plants be based on deterministic and performance criteria (Option 3). The recom-
mended safeguard goal consists of a design criterion of protecting against radiological
sabotage by the design basis threat and a performance standard of limiting radiation dose to an
individual to 5 rem at 100 meters. While the staff is not recommending the development of a
risk-informed approach for quantifying the likelihood of sabotage, it pledges to continue to look
for opportunities to increase the use of PRA technology in the safeguards area.

Given the current state of the art with respect to a safeguards PRA, we agree with the staff’s -
recommended Option 3. It is not premature for the Office of Nuclear Regulatory Research to
have a program to develop a safeguards PRA (Option 2). Such a PRA will need to include the
frequencies of various levels of threats, the conditional probability that a specified threat will
lead to spent fuel uncovery with various resulting geometries, and the associated ‘
consequences.. We recognize that these needs are significantly different and more challenging
than for a standard PRA, particularly with respect to the initiating-event frequencies.
Nevertheless, we believe there would be substantial benefit in developing a safeguards PRA for
both decommissioning and operating plants. For spent fuel pools, a particular need is to
determine the conditional probability of a zirconium fire given various threats. Over the next
year, the staff should prepare a strategy for developing and utilizing a safeguards PRA that

includes the frequency of various levels of threats for both decommissioning and operating
plants. ‘
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Policy Issue #4: What level of insurance is appropriate for licensees of decommissioning plants
given the low likelihood of a large onsite and offsite radiological release from a zirconium fire
accident involving the spent fuel stored in the SFP?

* " The staff maintains that the risk associated with SFP accidents will be kept low. The staff
believes that the contribution from sabotage can be kept low by protecting the spent fuel
against the design basis threat. Therefore, the staff recommends that insurance requirements
be substantially reduced shortly after a reactor permanently shuts down and enters into
decommissioning.

" We agree that the level of required insurance should be commensurate with the level of risk.
We accept the staff’s assessment that the level of initial reduction of the required insurance is
appropriate. If the intent, however, is to further incrementally reduce the level of insurance, the
large uncertainties associated with the threats from sabotage will have to be addressed. Once
again, this calls for a safeguards PRA that includes the conditional probability of a zirconium fire
as a function of decay time. ) ' = :
Policy Issue #5: What level of offsite emergency preparedness is appropriate for -
decommissioning plants given the low likelihood of a radiological release large enough to

exceed protective action guides offsite?

The staff recommends that offsite EP be reduced incrementally and eventually eliminated. The
staff's rationale is based on a conclusion of NUREG-1738, “Technical Study of Spent Fuel Pool
Accident Risk at Decommissioning Nuclear Power Plants,” that the risk of a zirconium fire at a
decommissioning plant is well below the Commission’s Quantitative Health Objectives. The
staff also concludes that, a few months after shutdown, the contribution of offsite EP to
reducing overall risk is small for the accident sequences analyzed and that the risk change from
relaxing EP is within the guidelines of Regulatory Guide 1.174. -

The staff may be right in this assessment, but there is considerable uncertainty associated with
“the risk contribution due to sabotage. We have previously argued that defense-in-depth should
be applied in areas where the risks and the associated uncertainties could be large.. We think
these attributes well describe the risk associated with decommissioning plants and this appears

to be'a place to maintain an appropriate level of EP.as defense-in-depth. If a defensible
technical basis can be developed for concluding that the probability of a zirconium fire is
acceptably low after some reasonable decay time, this would be a sufficient basis for relaxing
the EP requirements. For example, thé staff states that, given a warning time on the order of
.10 hours, ad hoc emergency response measures would be effective. We agree, but believe .
that a more definitive technical assessment is needed to determine the warning time that would

be available as a function of decay time. "
Existing Exegﬁptioﬁs“ - |

Several blants dndergoihg deébm’missionir;gwwere g?anted exe‘mptions to EP and insurance
requirements, in part because of the belief that a zirconium fire was not possible given the
decay time that had elapsed for these plants. One of the conclusions of NUREG-1738,
however, is that a zirconium fire cannot be dismissed even many years after shutdown.

Nevertheless, the staff judges that previously granted exemptions for EP and insurance at
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currently decommiésioning plants do not present an undue risk to the public health and safety,
+ given the long time periods available to support implementation of protective or mitigative
measures on an ad hoc basis for SFP accidents. ‘

We agree that there is not an immediate undue risk to the health and safety of the public based
on the long times associated with SFP accidents and the presumed low likelihood of sabotage
events.

[

Staff And Industry Differences

Representatives of the industry disagree with various findings in NUREG-1738. They differ with
the report’s conclusions that a zirconium fire could not be dismissed even after many years of
decay time, that the ruthenium release would be substantial, and the probability that cask drop
events could lead to rapid draining of the spent fuel pool.” We believe these differences could
be resolved, although they do not impact the decisions made on the options discussed here.

The industry representatives recommend that NUREG-1738 be subjected to a formal peer
review. We would prefer a peer review on our recommended study related to the probability of
a zirconium fire. B

Sincerely, -

&..

George E. Apostolakis
Chairman '

amansi——
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

~July 25,2001

The Honorable Richard A. Meserve
Chairman - ’ , v
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Dear Chairman Meserve:

SUBJECT: FEASIBILITY STUDY ON RISK'-lNi:OHMING THE TECHNICAL - .
.~ REQUIREMENTS OF 10 CFR 50.46 FOR EMERGENCY CORE COOLING
SYSTEMS - ‘

During the 484™ meeting of the Advisory Committee on Reactor Safeguards, July 11-13, 2001,
we met with representatives of the NRC staff and the industry to discuss the status of staff and
industry initiatives to risk inform the technical requirements of 10 CFR 50.46, “Acceptance

* criteria for emergency core cooling systems for light-water nuclear power reactors.” Our
Subcommittees on Materials and Metallurgy, Thermal-Hydraulic Phenomena, and Reliability
and Probabilistic Risk Assessment discussed this matter with representatives of the NRC staff,
the Nuclear Energy Institute, the Westinghouse Owners Group, and the Boiling Water Reactor

Owners Group ‘on July 9, 2001. We also had the benefit of the documents referenced.-
Recommendations

1. . We recommend that the Commission approve the staff’s request to proceed with
" rulemaking to modify the existing 10 CFR 50.46 to replace the prescriptive emergency
core cooling system (ECCS) acceptance criteria with a performance-based requirement
and to modify the 10 CFR Part 50, Appendix K evaluation model.

o 2. We recommend that the Commission approve the staff’s request to proceed with the '
development of a voluntary risk-informed alternative to 10 CFR 50.46, Appendix K, and
General Design Criterion (GDC) 35 of 10 CFR Part 50, Appendix A. '

3. The staff should continue to develop the technical bases and requirements for -
redefining the large-break loss-of-coolant accident (LBLOCA).

Discussion’
The ECCS req'uirements éoaified in 10 CEh 50.46: Appendix K, and GDC 35 are intended to

ensure that plants can safely cope with a LBLOCA. -The ECCS has been designed to "
accommodate pipe breaks up to and including a double-ended guillotine break of the largest
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pipe in the reactor coolant system. GDC 35 requires that the ECCS be capable of providing
sufficient core cooling for a full spectrum of postulated LOCAs using either offsite power or
onsite power. To comply with this requirement, ECCS evaluations generally assume that pipe
breaks are coincident with a loss of offsite power (LOOP). In addition, the system must have
sufficient diversity and redundancy to accomplish its safety function assuming a single failure.

Because LBLOCAs are rare, the current requirements for ECCS performance may have a
detrimental effect on safety. These requirements focus attention and resources on events that
are extremely unlikely to happen rather than on events which can have a larger contribution to
risk. For example, the postulated occurrence of a LOOP coincident with a LBLOCA leads to
requirements for rapid emergency diesel generator (EDG) start times and load sequencing.
Such requirements could reduce the reliability of the EDGs and diminish the capability of the
system to deal with the more likely small and medium break LOCAs.

The industry has proposed a revision of 10 CFR 50.46 that is based on a redefinition of the
LBLOCA. Instead of dealing with a full spectrum of break sizes up to and including the double-
ended guillotine break of the largest pipe in the reactor coolant system, the industry proposes to
define a new maximum LBLOCA size based on leak-before-break (LBB) methodology and
probabilistic assessments of the frequency and consequences of the new LBLOCA size.

The staff has accepted LBB methodology for the analysis of dynamic effects of pipe failure for
pipe sizes down to 8-inches in some cases. The NRC pioneered the application of probabilistic
fracture mechanics to piping through the development of thé PRAISE code. The staff argues,
however, that the prediction of leak rates for all sizes of cracks in all locations in piping systems
is technically much more demanding than predicting whether a detectable leak will occur before
failure. The staff also argues that a more rigorous assessment of uncertainties is needed to
justify the redefinition of the LBLOCA for ECCS requirements. Thus, the staff believes this is a
longer-term activity that will require a substantial technical effort.

We agree that the effort to define a new LBLOCA size requires an extension of current LBB
and probabilistic fracture mechanics methodology. We believe that it is technically feasible, but
the justification of the new LBLOCA size will become increasingly difficult as the proposed
maximum break size is decreased. The industry has stated that it is willing to invest substantial
resources to accomplish this objective. The staff should continue to develop the technical basis
and requirements for the redefinition of LBLOCA.

In its Feasibility Study, the staff has investigated a number of of)tions for revising 10 CFR 50.46
that it believes can be implemented on a shorter time scale and will provide safety benefits and
some reduction in unnecessary conservatism and associated regulatory burden.

One of these options would make changes in the Appendix K evaluation model and would
replace the current prescriptive ECCS acceptance criteria with a performance-based
requirement. This would permit licensees to use cladding materials other than zircaloy or
ZIRLO without having to seek an exemption. The current criteria, such as the 2200°F peak
clad temperature and 17% oxidation limit, would be relegated to a regulatory guide as
acceptance criteria for zircaloy and ZIRLO. We support the proposed development of the new
performance-based acceptance requirement.
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Possible changes in the evaluation models suggested in the staff Feasibility Study include
replacing the current 1971 American Nuclear Society (ANS) decay heat curve with the 1994
ANS standard, replacing the current decay heat multiplier of 1.2 with an uncertainty estimate,
and replacing the Baker-Just oxidation model with the Cathcart-Pawel oxidation model! for heat
generation. The intent of these changes is to use improved technical understanding to remove
excessive conservatism from Appendix K models.

We are generally supportive of this effort, but note that in dealing with a mix of models in which
some elements are conservative and some elements are nonconservative, removing
“excessive” conservatism without a real understanding of the uncertainties in the overall model
can lead to unsatisfactory results. For example, although the Cathcart-Pawel model! gives a
. more accurate description of the oxidation behavior of unirradiated zircaloy tubing in laboratory
studies, the more conservative Baker-Just model was deliberately chosen in an attempt to
ensure that the effects of variables such as irradiation and behavior such as spalling of the
oxide film that were not explicitly included in the models would not lead to norconservative
results. In addition, although the staff is developing performance-based acceptance criteria to
permit use of other cladding materials, both the Baker-Just and Cathcart-Pawe! models build
“zircaloy behavior” into the evaluation model. The staff should consider a performance-based
requirement for a heat generation model that includes the effects of cladding oxidation, '
irradiation, and the potential for cladding spallation rather than a prescriptive requirement.
Acceptable heat generation models for different cladding materials could then be discussed in a
regulatory guide. If implementation of the Appendix K option proves to be more challenging
than anticipated, then the staff should proceed with a rulemaking that includes only the update
of the decay heat curve to the 1994 ANS standard. o - sl

The second shorter-term option recommended by the staff is a voluntary risk-informed
alternative to 10 CFR 50.46 that would replace the current requirements intended to ‘ensure
" 'ECCS reliability (i.e., the coincident LOOP and the single-failure criterion) with more risk-
informed approaches that reflect the lower frequencies of LBLOCAs. Licensees could choose
either generic deterministic reliability requirements developed by the NRC (e.g, a requirement
that a coincident LOOP be postulated only for smaller, more frequent LOCAS) or show that they
can meet an acceptable threshold value for the core damage frequency (CDF) and large, early
release frequency (LERF) associated with the LOCA initiators with appropriate consideration of
uncertainties. ECCS reliability evaluations could reflect plant-specific features and operational
data. Frequencies of LOCAs with different break sizes could be determined using the analysis
provided in NUREG/CR-5750, updated to reflect more recent operating experience.
Alternatively, probabilistic fracture mechanics together with a review of service history data
could be used, but the technical work to support this would be similar in magnitude to that’
‘required to define the new LBLOCA size. We believe the approach outlined by the staff in this
option would provide a much more realistic and risk-informed approach for ECCS requirements.

The staff should proceed with the technical work and the rulemaking for this option.
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We look forward to reviewing the technical work and regulatory guidance needed to support
these rulemaking efforts as they evolve.

Sincerely,

C;r_ &.

George E. Apostolakis
Chairman g
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Recommendations on Risk-Informed Changes to 10 CFR 50.46 (ECCS Acceptance
Criteria), and attached Feasibility Study report. . S '
Memorandum dated January-19, 2001, from Annette L. Vietti-Cook, Secretary, NRC, to
William D. Travers, Executive Director for Operations, NRC, Subject: Staff Requirements -
SECY-00-0198 - Status Report on Study of Risk-Informed Changes to the Technical
Requirements of 10 CFR Part 50 (Option 3) and Recommendations on Risk-Informed
Changes 10 CFR 50.44 (Combustible Gas Control). '
Memorandum dated February 3, 2000, from Annette Vietti-Cook, Secretary, NRC, to
William D. Travers, Executive Director for Operations, NRC, Subject: Staff Requirements -
SECY-99-264 - Proposed Staff Plan for Risk-Informing Technical Requirements in'10 CFR
Part 50.

Letter dated February 8, 2001, from Anthony R. Pietrangelo, Nuclear Energy Institute, to
Thomas L. King, Office of Nuclear Regulatory Research, NRC, Subject: Preliminary Industry
Response to NRC Questions on Redefinition of Large-Break Loss-of-Coolant Accident.
Letter dated October 17, 2000, from Robert H. Bryan, Westinghouse Owners Group to
Thomas L. King, . Office of Nuclear Regulatory Research, NRC, Subject: “WOG Large
Break Loss of Coolant Accident (LBLOCA) Redefinition Discussion of Benefits.”

Letter dated January 8, 2001, from Adrian Heymer, Nuclear Energy Institute, to Mary T.
Drouin, Office of Nuclear Regulatory Research, Subject: “Draft Large Break LOCA
Redefinition Program, Project Summary.” 1 )

Letter dated January 19, 2000, from Joe F. Colvin, Nuclear Energy Institute, to Richard A.
Meserve, Chairman, NRC, Subject: SECY-99-264, Proposed Staff Plan for Risk-Informing
Technical Requirements in 10 CFR Part 50.

American Nuclear Society, ANSI/ANS-5.1-1994, American National Standard for Removing
Decay Heat Power in Light Water Reactors, dated August 23, 1994, '

U.S. Nuclear Regulatory Commission, NUREG/CR-5750, Rates of Initiating Events at U.S.
Nuclear Power Plants: 1987-1995, February 1999.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

July 25, 2001
MEMORANDUM TO: William D. Travers
Executive Dlrector peratlons
i__-—-5 eera i am
FROM: ohn T. Larkins, Executive Direc
Advisory Committee on Reaetor Safeguards
SUBJECT: DRAFT REGULATORY GUIDE (DG)-1077, “GUIDELINES FOR

ENVIRONMENTAL QUALIFICATION OF MICROPROCESSOR-BASED
EQUIPMENT IMPORTANT TO SAFETY IN NUCLEAR POWER
PLANTS”

During the 484™ meeting of the Advisory Committee on Reactor Safeguards, July 11-13,
2001, the Committee considered the draft Regulatory Guide DG-1077, “Guidelines for
Environmental Qualification of Microprocessor-Based Equipment Important to Safety in Nuclear
Power Plants,” and decided to review it after reconciliation of public comments. The Committee
has no objection to issuing the draft Regulatory Guide for public comment.

Reference

Memorandum dated June 8, 2001, from Sher Bahadur, Office of Nuclear Regulatory Research,
to John Larkins, Executive Director, ACRS, Subject: Draft I&C Qualification Regulatory Guide
Package DG-1077, Version 1.7

cc: A. Vietti-Cook SECY
J. Craig, EDO
l. Schoenfeld, EDO
A. Thadani, RES
M. Mayfield, RES
S. Amdt, RES
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UNITED STATES .
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

July 25, 2001
MEMORANDUM TO: William D. Travers
Executive Director for Operations
—anr “ro s & ”~ / th
FROM: € John T. Larkins, Executive Di

Advisory Committee on Redctor Safeguards

SUBJECT: WITHDRAWAL OF REGULATORY GUIDE 1.120, “FIRE
PROTECTION GUIDELINES FOR NUCLEAR POWER PLANTS”

During the 484™ meeting of the Advisory Committee on Reactor Safeguards, July 11-13,
2001, the Committee decided that it has no objection to the staff's proposal to withdraw

Regulatory Guide 1.120, “Fire Protection Guidelines for Nuclear Power Plants.”

Reference:

E-Mail dated July 11, 2001, to Sher Bahadur, ACRS, from John Hannon, NRR, Subject:
Request for a “No Objection Letter for the Withdrawal of Regulatory Guide 1.120.”

cc: A. Vietti-Cook, SECY
J. Craig, EDO
I. Schoenfeld, EDO
A. Thadani, RES
S. Collins, NRR
E. Connell, NRR
J. Hannon, NRR



UNITED STATES

NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

September 13, 2001

Dr. William D. Travers S
Executive Director for Operations .-
U.S. Nuclear Regulatory Commission

Washington, D.C. 20555-0001

SUBJECT:  PROPOSED FINAL REVISION TO REGULATORY GUIDE 1.78, “EVALUATING
THE HABITABILITY OF A NUCLEAR POWER PLANT CONTROL ROOM
DURING A POSTULATED HAZARDOUS CHEMICAL RELEASE”

Dear Dr. Travers:

During the 485™ meeting of the Advisory Committee on Reactor Safeguards, September 5-7;
2001, we reviewed the proposed final revision to Regulatory Guide 1.78, “Evaluating The -

* Habitability of a Nuclear Power Plant Control Room During a Postulated Hazardous Chemical
Release.” During our review, we had the benefit of disgussions‘with representatives of the NRC

. staff and of the documents referenced. .

- Revision 1 to Regulatory Guide 1.78 is to ensure habitability of a reactor control room in the

“ event of an accident ofi-site or onsite involving the atmospheric dispersal of toxic chemicals.
This revision incorporates and withdraws Regulatory Guide 1.95 concerning accidental chloride
releases, since many regulatory positions in these two guides are the same or similar. The
staff has formulated this revision to make it less prescriptive and more performance oriented.
The revision also allows licensees to use the results of quantitative risk analyses in their
evaluations.

Plants vary widely in their vulnerabilities to accidents involving atmospheric releases of toxic
chemicals that might be drawn into reactor control rooms. The revised Regulatory Guide 1.78
provides conservative screening criteria well founded on recent standards for toxic chemical
concentrations that are considered “immediately dangerous to life and health.” The screening
criteria also recognize site-specific weather conditions and control room leakage. )

In the revised Regulatory Guide, the staff offers three options to further examine the threats of
toxic chemical releases on control room habitability. Licensees may:

. Use arguments based on quantitative assessments of risk.
. Adopt the performance criteria defined in the revised Regulatory Guide.
. Use prescriptive analyses and measures accepted by the staff in the past.

The treatment of performance-based approaches in the revised Regulatory Guide is of
particular interest. The staff has defined criteria based on toxic chemical concentrations in the
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control room and permits licensees to use technically justifiable means to show that they meet
these criteria for control room habitability. The licensees are asked to address both maximum
concentration accidents (short-term instantaneous releases) and maximum concentration-
duration accidents (long-term, low-leakage-rate releases). In addition the licensees are to
evaluate atmospheric dispersion, control room air flow, detection systems, control room
isolation systems, personnel protection systems, and emergency planning. The revised
Regulatory Guide suggests possible methods of analysis acceptable to the staff. Alternatively,
licensees may use quantitative risk arguments, as described in Regulatory Guide 1.174.

The revised Regulatory Guide 1.78 should be issued for use by licensees. It should improve,
safety as well as reduce burdens on both licensees and the staff. Furthermore, this revised
Guide provides a good example of how regulatory guides may be made more performance

oriented. .
,K"\ Sincerely, . ..
George E. Apostolakis
Chairman
References: " ' o :
1. Memorandum dated August 9, 2001, from Thomas L. King, Office of Nuclear Regulatory

' Research, NRC, to John T. Larkins, Executive Director, ACRS, Subject: Prepublication
Copy of the Regulatory Guide 1.78, Revision 1 (Previously Issued as DG-1087 for public
comment).

2. U.S. Nuclear Regulatory Commission, Regulatory Guide 1.174, “An Approach for Using
Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-Specific Changes to
the Licensing Basis,” July 1998. )

3. U.S: Nuclear Regulatory Commission, Regulatory Guide 1.95, “Protection of Nuclear
Power Plant Control Room Operators Against an Accidental Chloride Release,” issued
January 1977. S .
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

September 13, 2001

MEMORANDUM TO: William D. Travers

FROM:

SUBJE

Executive Dir&%z:%ﬂ/
John T. Larkins, E};ecu « Director
Advisory Committee oft Reactor Safeguards

CT: DRAFT REGULATORY GUIDES CONCERNING CONTROL
ROOM HABITABILITY, DOSE ASSESSMENT,
METEOROLOGICAL ASSESSMENT, AND TESTING

During the 485™ meeting of the Advisory Committee on Reactor Safeguards, September

5-7, 2001, the Committee considered the four referenced draft regulatory guides related to

main control room habitability. The Committee plans to review the proposed final version of

these regulatory guides following the reconciliation of public comments. The Committee has

no objection to issuing these guides for public comment.

References:

1.

cC:

U.S. Nuclear Regulatory Commission, Draft Regulatory Guide 1.contro! room
habitability, “Control Room Habitability at Nuclear Power Reactors,” received
September 6, 2001.

U.S. Nuclear Regulatory Commission, Draft Regulatory Guide 1.test, “Demonstrating
Control Room Envelope Integrity at Nuclear Power Reactors,” received September 6,
2001,

U.S. Nuclear Regulatory Commission, Draft Regulatory Guide DG-1111, “Atmospheric
Relative Concentrations for Control Room Radiological Habitability Assessments at
Nuclear Power Plants,” received September 6, 2001. ‘

U.S. Nuclear Regulatory Commission, Draft Regulatory Guide 1113, “Methods and
Assumptions for Evaluating Radiological Consequences of Design Basis Accidents at
Light Water Nuclear Power Reactors,” received September 5, 2001.

A. Vietti-Cook, SECY
J. Craig, EDO

I. Schoenfeld, EDO
S. Collins, NRR

G. Holahan, NRR

J. Hayes, NRR

M. Hart, NRR

S. La Vie, NRR
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

September 13, 2001

MEMORANDUM TO: William D. Travers

Executive Direc}g%f éz
FROM: John T. Larkins, Exgcufivi ector
Advisory Committee on Reactor Safeguards

SUBJECT: PROPOSED FINAL REVISIONS TO REGULATORY GUIDES
1.142, “SAFETY-RELATED CONCRETE STRUCTURES FOR
NUCLEAR POWER PLANTS,” AND 1.143, “DESIGN GUIDANCE
FOR RADIOACTIVE WASTE MANAGEMENT SYSTEMS,
STRUCTURES, AND COMPONENTS INSTALLED IN LIGHT-
WATER-COOLED NUCLEAR POWER PLANTS”

During the 485™ meeting of the Advisory Committee on Reactor Safeguards, September
5-7, 2001, the Committee considered the proposed final revisions to the subject regulatory
guides and decided not to review them. The Committee has no objection to the issuance of
these revised regulatory guides.

Reference:

1. Memorandum dated August 3, 2001, from Michael E. Mayfield, Office of Nuclear
Regulatory Research, to John T. Larkins, ACRS, Subject: Request for Review and
Concurrence to Issue Proposed Revision 2 to Regulatory Guide 1.142, “Safety-Related
Concrete Structures for Nuclear Power Plants,” (Formerly DG-1098) and Proposed
Revision 2 to Regulatory Guide 1.143, “Design Guidance for Radioactive Waste
Management Systems, Structures, and Components Installed in Light-Water-Cooled
Nuclear Power Plants” (Formerly DG-1100).

cc: A. Vietti-Cook, SECY
J. Craig, EDO
|. Schoenfeld, EDO
A. Thadani, RES
M. Mayfield, RES
H. Graves, RES
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

September 14, 2001

Dr. William D. Travers

Executive Director for Operations
US Nuclear Regulatory Commission
Washington, DC 20555-0001

Dear Dr. Travers:

SUBJECT:  GENERIC SAFETY ISSUE-191, “ASSESSMENT OF DEBRIS ACCUMULATION
ON PWR SUMP PUMP PERFORMANCE”

During the 484™ and 485™ meetings of the Advisory Committee on Reactor Safeguards,

July 11-13 and September 5-7, 2001, we heard presentations by and held discussions with
representatives of the NRC staff regarding the Office of Nuclear Regulatory Research
recommendation for resolving Generic Safety Issue (GSI)- 191, “Assessment of Debris
Accumulation on PWR Sump Pump Performance.” During this review, we had the benefit of
the documents referenced.

We agree with the staff that potential issues associated with the performance of pressurized
water reactor containment sumps have been identified. The NRC staff should expeditiously
resolve GSI-191. If plant-specific analyses are required as part of the resolution, guidance for
performing these analyses should be developed. We would like to review the proposed final
disposition of this issue.

Sincerely,

Car & _

George E. Apostolakis
Chairman

Reference:

Letter dated August 29, 2001, from Michael E. Mayfield, Office of Nuclear Regulatory
Research, NRC, to John T. Larkins, Advisory Committee on Reactor Safeguards, Subject:
RES'’s Proposed Recommendation for Resolution of GSI-191, “Assessment of Debris
Accumulation on PWR Sump Performance,” attaching:

(1) Rao, D., et al., “GSI-191: Parametric Evaluations for Pressurized Water Reactor
Recirculation Sump Performance,” LA-UR-XXX, Los Alamos National
Laboratory, Los Alamos, New Mexico, July 2001.
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(2) Buslik, A., Risk Considerations and Benefits Associated with GSI-191,
“Assessment of Debris Accumulation on PWR Sump Performance.” U.S, NRC,
August 8, 2001.

(3) Feld, S., Cost Analysis for GSI-191, “Assessment of Debris Accumulation on
PWR Sump Performance,” U.S. NRC, August 14, 2001.
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Washington, D.C. 20555-0001

" SUBJECT: APPLICATION OF GE NUCLEAR ENERGY TRACG CODE TO ANTICIPATED

UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

- . September 17, 2001"

7] ‘o =

Dr._William D. Travers .
Executive Director for Operations
U.S. Nuclear Regulatory Commission

Dear Dr. Travers

It

OPERATIONAL OCCURRENCES

Dunng our 485"‘ meetmg on September 5-7, 2001, the Advisory Commlttee on Reactor

k)

Safeguards met with representatives of the NRC staff and GE Nuclear Energy (GE) to review

- .-the application of the GE TRACG realistic or “best-estimate” code to Anticipated Operatlonal

Occurrence (AOO) transient events. Our subcommittee on Thermal-Hydraulic Phenomena also
reviewed this matter during meetings held on November 13-14, 2000, and August 22-23, 2001.
Dunng our review, we had the beneflt of the documents referenced

- i

~..,concwsro~ - .

On the basis of our review, we support the staff’s flndlng that Versron 02A of the TRACG code

-

_is acceptable for apphcatlon to AOO tranS|ents

DISCUSSION :

Al thermal-hydraulic codes are approximations to reality; they are assembled with careful

attention to the regulatory needs that they will be required to meet. This requires adequate
modeling of the important physical phenomena that are usually identified by the Phenomena
Identification and Ranking Table (PIRT) process -As such, these models must be reasonable

.and founded on sound technical principles and experimental evndence but they are never

perfect. Therefore, using such models to support regulatory decisions usually requires an
assessment of the uncertainties in the predictions generated by the code.

s

A key condition for the acceptability of a realistic code is that there be adequate quantitative
measures of this uncertainty in the predictions of regulatory parameters and success criteria
used for probabilistic risk assessment.” An acceptable method for assessing these uncertainties
is descnbed in NUREG/CR-5249, Quantifying Reactor Safety Margrns -- Appllcatuon of the
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Code Scaling, Applicabili{y and Unéertainty (CSAU) Evaluation Methodology to a Large-Bréak,
Loss-of-Coolant Accident (LOCA), dated December 19809.

GE has done an exemplary job of applying the CSAU methodology to Version 02A of the
TRACG code, as it applies to AOO transients. These transients have potential importance for
providing limits to power uprate and reducing requirements for emergency diesel generator
start times, for example.

in the case of the TRACG code, GE assessed the code uncertainties on the basis of full-scale
separate-effects tests, component performance data and full-scale plant data for boiling-water
reactors (BWRs), as well as scaled integral tests. Confidence in the use of the code is also
considerably enhanced by its ability to properly predict the AOO transients that have actually
occurred in a number of plants of the various BWR types.

During the course of their reviews, our Thermal-Hydraulic Phenomena Subcommittee and the
staff raised several questions about some models in the code. GE satisfactorily answered all of
these questions. Even in cases where the Subcommittee found good reason to question some
feature of a model, it was satisfied that use of the CSAU methodology enabled assessment of
the significance of assumptions or approximations within the context of their use in evaluating
AOO transients. While a better model might lead to less uncertainty, perhaps allowing a
reduction in the level of conservatism implied in margins to be reduced, rational decisions can
be made in the presence of uncertainty, as long as one knows the extent of that uncertainty.
Thus, responding to the staff’s comments on our letter of January 11, 2001, regarding the use
of industry-developed thermal-hydraulic codes, we stated in our letter dated June 19, 2001, that
the agency needs to decide how these quantitative measures of uncertainty can be used in a
more formal way to support the rationale for regulatory decisions. :

Our confidence in the acceptability of Version 02A of the TRACG code is supported by GE's
professionalism, its willingness to respond openly to questions raised by the Committee and the
staff, and its willingness to supply the source code to the staff.! In addition, the staff inspired
confidence through its independent use of the code to assess its neutronic aspects. The staff’s
judgment was that the thermal-hydraulic features of the code had already been well assessed
in previous reviews and did not need to be further evaluated by independent computer runs.
Nonetheless, it will be advisable for the staff to perform its own computer runs to evaluate some
thermal-hydraulic features of the code as part of future assessments of other transients, such
as anticipated transients without scram and LOCA. o ‘

Another independent assessment that we consider to have significant positive influence on
public confidence is the staff’s assessment of the neutronic features of the code. In that -
assessment, the staff made comparisons with the predictions of the NRG’'s TRAC-B/NESTLE
code. We look forward to similar comparisons with the thermal-hydraulic predictions of the
TRAC-M code, which is nearing completion by the NRC's Office of Nuclear Regulatory
Research, when the staff considers further applications of TRACG.

'We note that Section 11.1.b. of Appendix K to Title 10, Part 50, of the Code of Federal
Regulations (10 CFR Part 50) requires that “A complete listing of each computer program; in
the same form as used in the evaluation model, must be furnished to the Nuclear Regulatory
Commission upon request.”
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ACRS members Mario Bonaca and F. Peter Ford did not participate in the Committee’s review
of this matter.

l\,;@yx_ &. ——

George E. Apostolakis
Chairman

REFERENCES :

1. U. 8. Nuclear Regulatory Commission, Draft Safety Evaluation Report, NEDE-32906P,
“TRACG Application for Anticipated Operational Occurrences (AOO) Transient
Analysis,” undated (Proprietary).

2. General Electric Nuclear Energy Licensing Topical Report, NEDE-32176P, “TRACG
Model Description,” Revision 2, December 1999 (Proprietary).

3. General Electric Nuclear Energy Licensing Topical Report, NEDE-32906P, “TRACG
Appilication for Anticipated Operational Occurrences (AOQ) Transient Analyses,”
January 2000 (Proprietary).

4. General Electric Nuclear Energy Licensing Topical Report, NEDE-32177P, “TRACG
Qualification,” Revision 2, January 2000 (Proprietary).

5. General Electric Nuclear Energy Licensing Topical Report, NEDE-32900P, *TRACG
Licensing Application Framework for AOO Transient Analysis,” June 1999 (Proprietary).

6. General Electric Nuclear Energy Licensing Topical Report, NEDC-32956P, “TRACG02A
User's Manua,|,” February 2000 (Proprietary).

7. Letter dated January 11, 2001, from Dana A. Powers, Chairman, Advisory Committee
on Reactor Safeguards, to Richard A. Meserve, Chairman, NRC, Subject: Issues
Associated with Industry-Developed Thermal-Hydraulic Codes.

8. Letter dated June 19, 2001, from George E. Apostolakis, Chairman, Advisory
Committee on Reactor Safeguards, to William D. Travers, Executive Director for
Operations, NRC, Subject: Response to Your April 12, 2001 Letter on Issues Raised by
ACRS Pertaining to Industry Use of Thermal-Hydraulic Codes.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

October 12, 2001

The Honorable Richard'A. Meserve . . ‘
Chairman = = . -
U.S. Nuclear Ftegulatory Commission

Washington, DC 20555-0001

SUBJECT: THE REV!SED REACTOR OV’ERSIGHT PROCESS
Dear Chairman Meserve:”

During our 485‘h meeting on September 5-7, 2001, the Advrsory Committee on Reactor
Safeguards met with representatives of the NRC staff to discuss the revised Reactor Oversight
Process (ROP). We continued our deliberations during our 486" meeting on October 4-6,
2001. This matter was also discussed during meetings of the ACRS Plant Operations
Subcommittee on December 6, 2000, May 9, 2001, and July 9, 2001. In addition, the ACRS
Subcommittees on Plant Operations and Fire Protectlon held meetings with licensees on

June 13, 2000, and June 27, 2001, and held meetings with Regions Il and IV on June 14,
2000, and June 28, 2001, respectively. Dunng our review, we had the benefit of the
documents referenced .

o
H

BACKGROUND -

The ROP utilizes the results of performance rndrcators (Pls) and baseline mspectlon frndrngs to
determine the appropriate regulatory action to be taken in response to a licensee’s
performance. The escalation of the regulatory responses is specified in the action matrlx
which the staff developed as part of the ROP. This ROP has been in ‘effect for nearly all
licensees for about one year. The staff has conducted an assessment of the state of the ROP
and recogmzes that it is still a process in development . ‘

The ACRS has prevrously commented on various aspects of the ROP and provided .
recommendations to the staff regarding potential process improvements.' We remain convinced
that the ROP is more objective and understandable than the former oversight process and
represents a significant improvement. This report discusses some specific questions that the
Commission raised to the ACRS, and offers some additional thoughts on potential
improvements in the ROP.

In the Staff Requirements Memorandum dated April 5 2000, the Commrssron requested the
ACRS to: - ' :

(1 - Revrew the use of Plsin the ROP to ensure that the Pls provide ‘meaningful insight rnto
aspects of plant operation that are important to safety.
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2 Review the initial implementation of the significance determination processes (SDPs),
and assess the technical adequacy of the SDP to contribute to the ROP.

The current Pls do provide meaningful insight into plant performance. However, there is a need
to redefine the thresholds for some of the Pls to provide better input to the ROP. In particular,
the numerical values for the white/yellow and yellow/red thresholds for the initiating event and
mitigation system Pls are not useful and should be revised. The color bands for the Pls and,
SDPs associated with all the cornerstones have similar implications with respect to agency
action and, therefore, the thresholds should be commensurate with their respective safety
significance.

The most immediate and pressing need for the ROP is to improve the SDP tools. Some SDPs
are incomplete and, in cases such as fire protection, overly subjective. The technical adequacy
of the risk-based SDPs depends on the availability and quality of a relevant probabilistic risk .
assessment (PRA). Thus, the SDP for at-power situations provides meaningful risk
information. For routine findings that are predominantly of very low, low, and moderate safety
significance, the process'is probably adequate. The threshold values for the risk-based SDPs
are appropriate. . ' ’

We continue to believe tﬁat aﬁdocu}nented review of the SDP worksheets and SPAR models‘
(as well as the underlying SAPHIRE computer code) is essential to public confidence in the
ROP. : )

i

An SDP based on low-power and shutdown PRAs or other shutdown management tools is
needed to characterize findings during these modes of operation. In addition, the fire protection
SDP involves very qualitative inputs to a quantification process of uncertain pedigree. This
SDP is probably useful for its intended purpose, however, it may be hard to defend and justify
to the public.” Even though this SDP ‘calculatés the change in core damage frequency (CDF),
the SDP is really intended to provide an indication of the degradation of defense in depth for fire
protection as defined in 10 CFR Part 50, Appendix R.

Presently, concurrent performance deficiencies are assessed collectively, as applicable, to
determine the total change in CDF, but each performance deficiency is assigned a color
individually. There may be instances in which conclusions could be altered if the results are
considered collectively, and thus such collective results should be considered in the action
matrix.

DISCUSSION

An important premise of the ROP is that there should be a graded regulatory response to
inspection findings and Pl results. Although a graded response to oversight findings is a
desirable attribute, the inputs to the action matrix that implements this response must be
produced in a way that justifies the resulting response. This is especially true for the right-hand
columns of the matrix which could lead to severe regulatory responses.
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The current ROP uses different technica[ bases to establish ihé thresholds for ihe Pls and
inspection findings.” In particular: . :

L On the basis of its review of recent operating history, the staff set the green/white
thresholds for the Pls for initiating events and mitigating systems at the 95™ percentile of
peer performance for the given Pl. By contrast, the staff based the white/yellow and
yellow/red thresholds on an assessment of the value of a PI corresponding to increases

-in CDF of 107° and 10~ per reactor year, respectively.

- " The staff set the Pl thresholds for barriers, emergency preparedness, occupational
radiation safety, public radiation safety, and physical protection by considering technical
specification limits, the number of noncompliances with regulatory requirements, and

. - other absolute measures. ‘ . . '

v

° The staff based the green/white, white/yellow, and yellow/red thresholds for SDP results
on increases in CDF of 107, 107, and 10~ per reactor year, respectively. This is true
for the initiating event, mitigating system, and fire protection cornerstones. The other
SDPs do not have a PRA basis and take a deterministic and defense-in-depth approach

“to establish thresholds for safety significant issues. . R

These different bases for defining the various thresholds raise questions regarding the kinds of

information that the Pls and SDPs provide and the consistency of the meaning of the thresholds

across the Pls and SDPs. These different thresholds are based on expert judgment that the

degradation in performance associated with each color band is appropriately linked to a

corresponding regulatory response’. ' . ‘

It is from this viewpoint that we believe it is necessary to reconsider the definitions of the

white/yellow and yellow/red thresholds for initiating events and mitigating systems, which as we

noted above were based on an attempt to assess the value of a Pl corresponding to increases
in CDF. ‘ ‘ ’ Co

We have noted previously that it is difficult to generically assess the risk impact of changes in a
Pl. The associated changes in risk tend to depend strongly on plant-specific features. This
approach, however, has a deeper, more intractable flaw. Specifically, it focuses on the change
in CDF that results from changes in a single, isolated parameter assuming that all other factors
that can affect CDF remain constant. A realistic assessment of the change in CDF cannot be
related to the change in a single Pl. Thus, in some cases, the use of this approach to select
white/yellow and yellow/red thresholds has led to values for these thresholds that, in our
judgment and that of many of the staff and the industry, are too high to be meaningful.
Regulatory attention would increase at much lower levels.

! The color bands for the ROP are called “constructed scales” in decision analysis. Ensuring the consistency

of the bands of these scales is what decision analysts commonly call “performing sanity checks,” and such checks
are among the most important steps in a decisionmaking process. In our report on the NRC Safety Research
Program (NUREG-1635, Vol. 4), we recommended that the staff initiate a program of research to investigate how
best to use formal decisionmaking methods in regulatory decisions.
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The white/yellow and yellow/red thresholds for the Pls for initiating events and mitigating
systems should be set in terms of an expert judgment of what values should in fact trigger the
regulatory response associated with the threshold. Although general considerations for the
selection of thresholds for Pls and SDPs are discussed in SECY-99-007, the expert judgment
process that the staff used to develop the initial values for the thresholds for the non risk-based
Pls and SDPs and the corresponding ‘equivalency of the combination of findings in the action
matrix have not been well documented. -The NRC has been a pioneer in the use of scrutable
expert judgment processes, and it is unfortunate that the use of expert judgment in a process
as central to the NRC’s mission as the ROP lacks the traceability of other NRC uses of expert
judgment. Formal decision analysis could be helpful in making the selection of thresholds and
the action matrix more objective and scrutable..

In assessing the need to revise the current Pls and develop new Pls, we believe that the staff
responsible for the ROP should consider the work being done in other parts of the agency. For
example, the review of operating experience for the reactor core isolation cooling (RCIC)
system for BWRs (NUREG/CR-5500, Vol. 7) shows that the dominant failure modes involve
system failures while running and human failures to recover the system (i.e., failures that are
not part of the unavailability calculations that the ROP requires). In analyzing the operating
experience, the analysts distinguished between two contexts of RCIC system operation: (1)
short-term missions (less than 15 minutes), in which the system must inject water into the
reactor vessel following a scram with feedwater available and the main isolation valves open,
and (2) long-term missions, in which the system must inject water into the reactor vessel
following a scram with feedwater unavailable and/or the reactor vessel isolated. The average
system unreliability in these two contexts differs by a factor of 2. The ROP green/white
threshold for RCIC system unavailability is 0.04 and makes no distinction between the two
contexts identified in the study driven by operating experience. Since unreliability is a metric
that includes all potential failure modes, it should be included in the Pls.

We continue to believe that it is important that there be consistency in the definition of terms
like “unavailability” which are used in the Pls. Inconsistencies in technical terms that the
agency uses in several major activities make comparisons and communication, both internally
and externally, difficult.

The ROP is an evolving process. The staff has done an excellent job establishing the basic
framework in a relatively short period of time considering the scope of this project. We look
forward to continued interactions with the staff on this very important matter.

Additional comments by ACRS Members George E. Apostolakis, Thomas S. Kress, and
Steven L. Rosen are presented below.

(/A Sincerely ,
\&%’ &’ mm—

George E. Apostolakis
Chairman
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ADDITIONAL COMMENTS BY ACRS MEMBERS
GEORGE E. APOSTOLAKIS, THOMAS S. KRESS, AND STEPHEN ROSEN
We agree with the recommendétions and comments of our colleagues. The intent of our
comments is to elaborate on the expert judgment process.

In any decisionmaking situation, the most important requirement is that the decisionmaker’s

judgments be consistent. This is particularly important for the ROP because the bases for the
inputs to the action matrix are different.

One of the columns of the action matrix treats two white inputs and one yellow input (for one
degraded cornerstone) as being equivalent. This means that the staff's judgment is that two
white inputs signify a certain degradation in performance which is about the same asthat
corresponding to one yellow finding in the sense that the resulting regulatory response should

be the same. For consistency in defining these color bands, one would have to address
questions such as the following: :

. Does the yellow band for the initiating event Pl indicate a degradation in performance

that is similar to that indicated by the yellow band for a mitigating system PI?

° Is the yellow band of a P twice as important as its white band?

. Is a yellow finding from an SDP of equal significance as a finding that a Pl is in its yellow
band? ’ ‘

We appreciate that judgments such as “of equal significance” and “twice as important” are
subjective. Our argument is that attempting to answer questions such as these removes a
good deal of the subjectivity and, in fact, will be very helpful when the thresholds are
determined. This argument acquires additional significance in the present case in which the
action matrix does not represent the judgments of a single individual but those of the agency.

In other words, communication among the experts who make these judgments would be
enhanced.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

October 12, 2001

MEMORANDUM TO: William D. Travers

Executive Diri%?gwio
FROM: John T. Larkins,-EXscifive %irector
Advisory Committee on Reactor Safeguards

SUBJECT: DRAFT REGULATORY GUIDES ASSOCIATED WITH A
PROPOSED REVISION TO 10 CFR 73.55, “REQUIREMENTS
FOR PHYSICAL PROTECTION OF LICENSED ACTIVITIES IN
NUCLEAR POWER REACTORS AGAINST RADIOLOGICAL
SABOTAGE"

During the 486™ meeting of the Advisory Committee on Reactor Safeguards, October 4-
6, 2001, the Committee considered three draft regulatory guides (referenced) associated with a
proposed revision to 10 CFR 73.55. The Committee plans to review the proposed final version
of these regulatory guides following the reconciliation of public comments. The Committee has
no objection to issuing these guides for public comment.

References:

1. Memorandum dated September 6, 2001, from Vonna Ordaz, NRR, to John T. Larkins,
ACRS, Subject: Draft Regulatory Guides In Support of Proposed Rulemaking 10 CFR
73.55 w/atts:.

a. U.S. Nuclear Regulatory Commission Draft Regulatory Guide 5011,
“Standard Format and Content of Licensee Security Plans,” issued
September 17, 2001.

b. U.S. Nuclear Regulatory Commission Draft Regulatory Guide 5012,
“Standard Format and Content of Licensee Safeguards Contingency
Plans,” issued September 17, 2001.

c. U.S. Nuclear Regulatory Commission Draft Regulatory Guide 5013,
“Standard Format and Content of Licensee Training and Qualification
Plans,” issued September 17, 2001.

cc: A. Vietti-Cook, SECY
J. Craig, OEDO
I. Schoenfeld, OEDO
S. Collins, NRR
B. Boger, NRR
G. Tracy, NRR
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

October 15, 2001

The Honorable Richard A. Meserve
Chairman

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

SUBJECT: PROPOSED RESOLUTION OF GENERIC SAFETY ISSUE (GSI)-173A,
“SPENT FUEL STORAGE POOL FOR OPERATING FACILITIES”

Dear Chairman Meserve:

During the 486™ meeting of the Advisory Committee on Reactor Safeguards, October 4-6,
2001; we met with representatives of the NRC staff to discuss the proposed resolution of
GSI-173A, “Spent Fuel Storage Pool for Operating Facilities.” We also had the benefit of the
documents referenced. . ' :

RECOMMENDATION
The screening criteria Used in the staff’s proposed resolution of GSI-173A are appropriate to -
resolve the issue. . ‘ : i - S

3

DISCUSSION

Tiy o
‘ N

In its proposed resolution of GSI-173A, the staff used screening criteria such that if the
frequency of fuel uncovery were 10° to 10°® /yr, further technical evaluation would be performed.
If the frequency were less than 10 /yr, no further regulatory action would be considered.

In our report dated June 20, 2000, we raised the concern that the screening criteria, which were
derived on the basis of steam-oxidation severe accident source terms and the Commission’s
Safety Goals, could be inappropriate for spent fuel pool (SFP) accidents because the source
term for such accidents could be dominated by air oxidation of clad, which could substantially
increase the release of fuel fines and ruthenium compared to steam oxidation releases. In that
report, we recommended that the staff defer declaring its resolution of GSI-173A until it
considered the findings of NUREG-1738, “Technical Study of Spent Fuel Poo! Accident Risk at
Decommissioning Nuclear Power Plants,” in which the use of the screening criteria was
reassessed in view of the potential air-oxidation source term.

The results of NUREG-1738 indicate that even if the large early release frequency were

10° /yr, the Commission’s quantitative health objectives (QHOs) would still be met with the air-
oxidation source term and that at 10 /yr the risk level would be at least one order of magnitude
lower than the QHOs. Of course, the acceptability of these frequency criteria presumes the
availability of an emergency response plan.
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Our expectation is that the acceptable risk contribution from a subset of sequences should be
on the order of one-tenth of the overall acceptance criteria. The above screening criteria
appear to meet that expectation. In addition, the studies in NUREG-1353 and NUREG/CR-
4982 estimate the actual frequency of spent fuel uncovery at operating reactors to be about
2x10%/yr. In view of these results, we concur with the staffs’ position that GSI-173A be
considered resolved.

Sincerely,
: #‘
George E. Apostolakis
Chairman
References:
1. °  Letter dated June 11, 2001, from Gary M. Holahan, Office of Nuclear Reactor

Regulation, NRC; to John T. Larkins, ACRS, Subject: Resolution of Generic Safe
Issue (GSI)-173A, “Spent Fuel Pool Cooling For Operating Plants.” L

2. Report dated June 20, 2000, from Dana A. Powers, Chairman, ACRS, to Richard A.
Meserve, Chairman, NRC, Subject: Proposed Resolution of Generic Safety Issue-173A,
“Spent Fuel Storage Pool For Operating Facilities.” , - -

3. U.S. Nuclear Regulatory Commission » NUREG-1738, “Technical Study of Spent Fuel
Pool Accident Risk at Decommissioning Nuclear Power Plants,” February 2001.

4. U.S. Nuclear Regulatory Commission, NUREG-1353, “Regulatory Analysis for the
Resolution of Generic Issue 82, “Beyond Design Basis Accidents in Spent Fuel Pools,”
published April 1989, '

5. U.S. Nuclear Regulatory Commission, NUREG/CR-4982, “Severe Accidents in Spent
Fuel Pools in Support of Generic Safety issue 82,” published July 1987.
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

October 15, 2001

MEMORANDUM TO: William D. Travers

Executive DH‘W
FROM: John T. Larkins, {é(é‘&u/ve rector

Advisory Committee on Reactor Safeguards

SUBJECT: DRAFT REGULATORY GUIDE (DG)-1085, “STANDARD FORMAT AND
CONTENT OF DECOMMISSIONING COST ESTIMATES FOR
NUCLEAR POWER REACTORS,” AND DRAFT NUREG-1713,
“STANDARD REVIEW PLAN FOR DECOMMISSIONING COST
ESTIMATES FOR NUCLEAR POWER REACTORS”

During the 486™ meeting of the Advisory Committee on Reactor Safeguards, .
October 4-6, 2001, the Committee considered the draft Regulatory Guide DG-1085, “Standard
Format and Content of Decommissioning Cost Estimates for Nuclear Power Reactors,” and
draft NUREG-1713, “Standard Review Plan For Decommissioning Cost Estimates for Nuclear
Power Reactors.” The Committee decided not to review these two documents and has no
objection to issuing them for public comment.

References:

1. Draft Regulatory Guide DG-1085, “Standard Format and Content of Decommissioning
Cost Estimates for Nuclear Power Reactors,” dated August 2001.

2. Draft NUREG-1713, “Standard Review Plan For Decommissioning Cost Estimates for
Nuclear Power Reactors,” dated August 2001.

cc: A. Vietti-Cook, SECY
J. Craig, EDO
I. Schoenfeld, EDO
D. Matthews, NRR
M. Ripley, NRR
M. Virgilio, NMSS
S. Treby, OGC
A. Thadani, RES

149



UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

October 17, 2001

_The Honorable Richard A. Meserve

Chairman - L

"U.S. Nuclear Regulatory Commission . ~ - -
Washington, D.C., 20555-0001 )
SUBJECT: DUANé 'ARN&)LD ENERGY CENTER EXTENDED POWER UPRATE
Dear Chairman Meserve: . LR L.

During the 486" meeting of the Advisory Committee on Reactor Safeguards, October 4-6,
2001, we met with representatives of the NRC staff and the Nuclear Management Company to
review the license amendment request for an increase in core thermal power for the Duane
Amnold Energy Center (DAEC), pursuant to the General Electric Nuclear Energy Extended
Power Uprate Program. Our subcommittee on Thermal-Hydraulic Phenomena also reviewed
this matter during meetings held on June 12 and September 26-27, 2001. During our review,
we had the benefit of the documents referenced. - . . .

CONCLUSIONS AND RECOMMENDATIONS
1. . . The DAEC application for the extended power uprate should be approved.

2. Ihe Safef[y' Evaluation ‘F‘leport (SER) shbuld be revised to document adequately the
technical resolution of the issues raised by the staff. Ty “” -

3. 'I:he staff should develop irﬁhroved guidance on the detail to be provided in SERs and

~ criteria for when independent assessments should be performed to'’complement its

. reviews of applicant submittals. . ) T - :

DISCUSSION

Yy,
- Ve

The Nuclear Management Company has requested an amendment to the DAEC operating
license for a 15.3% increase over the plant’s current operating power limit. Previously, the staff
had approved a smaller power uprate. ‘Consequently, the current application is for a power
uprate of 20% over the originally licensed power. : This is the largest power uprate ever
considered for boiling water reactors (BWRs) in the United States. It is anticipated that many
other licensees will request similarly large increases in the operating powers of BWRs.
Consequently, we anticipate that staff review of the DAEC power uprate will be a template for
future reviews and will set the expectations for many future power uprate applications.
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A generic methodology for evaluating and justifying power uprates of up to 20% for BWRs has
been developed by General Electric. This generic methodology has been approved by the
staff. The DAEC application has adopted this methodology and, in fact, the NRC staff has used
the methodology to guide its review of this power uprate application.

The power increase at DAEC will be achieved by increasing steam production, while holding
liquid flow in the core, dome pressure and temperatures quite near current values. The
increased steam production is achieved by “flattening” the core power profile, which involves
increasing power generation in the outer regions of the core. There is an increase in feedwater
flow to match the increased production of steam. Balance-of-plant modifications are required
and will cause the DAEC power increase to be performed in two steps.

Many technical issues must be addressed in an application for power uprate. Of these, we
consider five to be especially significant:

1. Susceptibility of the plant to ATWS (Anticipated Transients Without Scram)
2. ATWS recovery - s

3. Reduction in some of the times available for operator actions because of higher decay
heat ] ‘
4. Material degradation’due to irradiation-assisted stress corrosion cracking (IASCC) of

reactor internals and flow-assisted corrosion and fatigue of feedwater piping
5. Containment response to accident events involving higher decaiy heat levels

Our examinations of the staff’'s SER and Requests for Additional Information submitted by the
staff to the applicant persuaded us that the staff had raised numerous, pertinent issues
concerning the conformance of the power uprate to approved methodologies. Though we
persuaded ourselves eventually that the DAEC power uprate could be accomplished safely, we
found it difficult to obtain information on the technical resolution of the issues either in the staff's
SER or in our meetings with the staff. An exception to this common difficulty v@as the resolution
of issues concerning containment response to design-basis accident events. In this case, the
staff provided us a report on comparisons of applicant analyses with analyses done using an
independent computational tool.

We found it far more difficult to assure ourselves that the DAEC core is susceptible only to
global power oscillations and does not need to consider local power oscillations. It was similarly
difficult to assure that ATWS recovery methods were applicable to cores with flattened power
profiles, that critical human actions had been identified with adequate independence by the
staff, and that material degradation sensitivities had been adequately assessed.

Many of the challenges that we encountered in our review of the DAEC power uprate -
application could have been eased if the staff had improved guidance on the detail to be
provided in SERs and developed criteria for when independent assessments should
complement reviews of applicant submittals.
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of this matter. '

ACRS Members Mario Bonaca and F. Peter Ford did not participate in the Committee’s review

Sincerely,

&.

George E. Apostolakis
Chairman

References:

1.

10.,

11.

12.

13.

Memorandum dated September 5, 2001, to John T. Larkins, ACRS, from J. Zwolinski,
Office of Nuclear Reactor Regulation, NRC, Subject: Draft Safety Evaluation for Duane
Amold Energy Center Extended Power Uprate (draft Predecisional report).

GE Nuclear Energy, Topical Report, NEDC-32424P-A, “Generic Guidelines for General
Electric Boiling Water Reactor Extended Power Uprate,” February 1999 (Proprietary).
GE Nuclear Energy, Topical Report, NEDC-32523P-A, “Generic Evaluations of General
Electric Boiling Water Reactor Extended Power Uprate,” February 2000 (Proprietary)
GE Nuclear Energy, Topical Report, NEDC-32523P-A, Supp 1, Volume 1, “Generic
Evaluations of General Electric Boiling Water Reactor Extended Power Uprate -
Supplement 1, Volume 1,” February 1999, and Volume 1, April 1999 (Proprietary).

GE Nuclear Energy, Topical Report, NEDC-32992P, “ODYSY Application for Stability
Licensing Calculations,” October 2000 (Proprietary).

BWR Owners’ Group Letter dated March 8, 1996, transmitting GE Nuclear Energy
Licensing Topical Report, BWR Owners Group Long-Term Stability Solutions Licensing
Methodology, NEDO-31960-A, November 1995.

Report (draft final) from A. Cronenberg, ACRS, “Margin Reduction Estimates for Re-
Licensed/Uprated Plants: Hatch Case Study,” August 2001.

Response by Nuclear Management Company to ACRS Thermal-Hydraulic Phenomena
Subcommittee question, undated, attached to October 3, 2001 Memorandum from P.
Boehnert to ACRS Members.

U.S. Nuclear Regulatory Commission, Technical Evaluation Report, ISL-NSAD-NRC-01-
001, “Duane Arnold Energy Center Extended Power Uprate Containment Analysis Audit
Calculation,” B. Gitnick, Information Systems Laboratory, Inc., July 2001.

Memorandum (undated) from J. Zwolinski, Office of Nuclear Reactor Regulation, NRC,
Subject: Responses to Advisory Committee on Reactor Safeguards (ACRS)
Subcommittee Questions Regarding Duane Arnold Energy Center Extended Power
Uprate, attached to October 3, 2001, Memorandum from P. Boehnert, to ACRS
Members (contains Proprietary information).

GE Nuclear Energy Licensing Topical Report, NEDC-32980P, Rev. 1, “Safety Analysis
Report for Duane Arnold Energy Center Extended Power Uprate,” April 2001
(Proprietary).

Nuclear Management Company Memorandums: Response to Request for Additional
Information - Duane Arnold Energy Center Extended Power Uprate, dated April 9, March
23, April 16, April 16 (Proprietary), May 8 (Proprietary), May 10, May 11, May 11
(Proprietary), May 22, May 29 (Proprietary),and June 5, 2001.

Nuclear Management Company Memorandums: Response to Request for Additional
Information - Extended Power Uprate, June 11, June 18, June 21, June 28, July 11, July
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19, July 25, August 1 I(bfoprietéry), August 1(proprietary), August 10 (proprietary),
August 16 (proprietary), and August 21, 2001.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D C. 20555-0001

October 18, 2001

The Honorable Richard A. Meserve
Chairman

U. S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

.Subject:  NRC ACTION PLAN TO ADDRESS THE DIFFERING PROFESSIONAL OPINION
" ISSUES ON STEAM GENERATOR TUBE INTEGRITY

Dear Chairman Meserve:

During the 486™ meeting of the Advisory Committee on Reactor Safeguards, October 4-6,

. 2001, we reviewed the Action Plan developed by the NRC staff to address the differing
professional opinion (DPO) issues on steam generator tube integrity. Our Subcommittee on
Materials and Metallurgy had reviewed this Action Plan during its meeting on September 26,
2001. The purpose of our review was to determine whether the Action Plan adequately and
appropriately responded to our recommendations included in NUREG-1740, “Voltage-Based
Alternative Repair Criteria.” During our review, we had the benefit of discussions with
representatives of the NRC staff and of the documents referenced.

CONCLUSION

The Action Plan appropriately and adequately responds to our recommendations conc/ernlng
the DPO on Steam Generator Tube Integrity. In the discussion that follows, we provide detailed
comments on elements of the Action Plan that might help to refine and i improve the efforts.

BACKGROUND T

In February 2001, we sent to the Executive Director for Operatlons (EDO) an assessment of the
technical issues raised in the DPO concerning alternative repair criteria for steam generator
tubes in pressurized water reactors. We concluded that alternative repair criteria were needed
and that general features of the criteria and the condition monitoring program the staff had
endorsed provide such criteria that could adequately protect public health and safety. We did
find that the DPO raised substantive technical issues that merited consideration. We made
several recommendations to the EDO. Some were directly applicable to the details of the
alternative repair criteria. Others related to the general risk status of plants with degrading
steam generator tubes regardless of whether these plants had adopted the alternative repalr
criteria. Of the various recommendations, seven deserve to be highlighted:

1. Evaluate the potential for propagating steam generator tube damage ddriﬁg rapid
depressurization caused by a main steamline break.
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2. Monitor performance in search for systematic deviations from the linear bound on the
nonlinear processes of crack initiation and growth through steam generator tube walls.

3. Improve the database for the correlation of tube leakage with voltage used in the
condition monitoring program for 7/8" tubes.

4. Improve the analysis and understanding of radioactive iodine behavior during design-
basis accidents.

5. Use improved risk assessments to support analyses of exemptions from the alternative
repair criteria.

6. Develop a description of the probability of detection of stear’n generator tube flaws that
will accommodate improvements in instrumentation and techniques.

7. Develop better understanding of the behavior of degraded steam generator tubes under
severe accident conditions.

We concluded that the research that would be required to address our recommendations could

be prioritized and pursued within the existing NRC research program augmented as necessary

with additional resources.

DISCUSSION ‘

The Office of Nuclear Reactor Regulation (NRR) and the Office of Nuclear Regulatory
Research have jointly developed the Action Plan to address our recommendations contained in
NUREG-1740. This Action Plan, which has been incorporated into NRR's existing Steam
Generator Action Plan, consists of eleven major activities:

1. Investigate the effects of depressurization during a main steamline break on steam
generator tube integrity.
2. Complete investigation of jet penetration of adjacent tubes.
3. Develop experimental information on source term attenuation on the secondary side of {

steam generators (ARTIST tests).

4. Develop a better understanding of steam generator tube behavior under severe accident
conditions. ‘

5. Develop improved methods of assessing risk associated with steam generator tubes
under accident conditions.

6. Assess the technical basis for improving the probability of crack detection in steam
generator tubes.
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Assess the need for better leakage correlations as a function of voltage for 7/8" steam

" generator tubes.

Monitor the predictions of flaw growth for systematic deviations from expectations.

Assess the need for a more technically defensible treatment of radionuclide releaseé to
be used in safety analyses of design-basis events.- _ : ’ :

Develop a better mechanistic understanding of tube cracking processes

Resolve Generic Safety Issue 163, “Multiple Steam Generator Tube Leakage.”

“The Action Plan‘dbeé, indeéd, address bur récdmmendationé included in NUREG-1740. Time

scales envisaged for the work are consistent with expectations we had when we formulated our
recommendations. Although the proposed work has been well integrated with ongoing work on
" steam generator tube integrity, we do have comments on some 'of the specific activities of the

Action Plan:

The efforts to understand threats to tube i}\tegrity posed by depreésurization during
main steamline breaks (item 1, above) depend heavily on computer code analyses. In
the absence of defensible, conservative load predictions, there is a need to validate

-+ - predictions of computer codes with experimental data on modes of motion of steam

generator tube support plates and stresses that these motions place on steam
generator tubes. As noted in NUREG-1740, extant experimental data on thermal
hydraulics and forces on tube support plates during depressurization are suspect

-because of poor scaling of the experimental facilities.

The NRC staff should actively participate in formulating and conducting the ARTIST
tests to investigate decontamination on the secondary side of steam generators (Item 3,
above) rather than simply waiting for the data from the tests to become available. . --
Activities necessary to use and understand the data from the planned tests should be
defined and included in the Action Plan. . .. : : -

'Plans for examining steam generator tube behavior under severe accident conditions

(ltem 4, above) are quite detailed. These plans should be augmented to include a -
detailed assessment of the understanding of loop-seal clearing and the subsequent
behavior in the reactor coolant system.

We are impressed by the progress that has been made in the modeling of mixing and
flow in the steam generator input plenum using computational fluid dynamics (CFD)
models. We believe that this work will serve as a good example of how the NRC can
use CFD models to resolve complicated regulatory issues.

The lack of a correlation between leakage and voltage for 7/8" tubes (ltem 7, above) is

perplexing, in view of the good correlation for the 3/4" tubes. The staff should
investigate the reason for this.
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. The proposed work in connection with developing a better uhde(standing of radioactive
iodine behavior under design-basis accident conditions (Item 9, above) suggests that
the statf does not accept our recommendation. Certainly, the staff has not committed to
develop further the existing, mechanistic models of the iodine spiking phenomenon.

. The effort to develop a mechanistic understanding of stress corrosion cracking and its
relationship to voltage signals (ltem 10, above), is very long-term in nature as would be
expected. This work will be conducted under a continuing cooperative international
research program on steam generator tube integrity.

Results of the research on the effects of jet impingement 0;1 adjéc'ent tubes (Item 2, above)
have shown that the probability of damage progression is low enough that it can be neglected in
the accident analyses.

The Action Plan should provide valuable input on risk asséssméht, inspection processes, and
periodicity to the evolving life management strategy for steam generators. ‘

We look forward to continued interaction with the staff as results are obtained from its planned
work to refine and improve the technical bases for the alternative repair criteria.

Dr. William J. Shack did not participate in the Committee’s deliberations regarding this matter.

am—
George E. Apostolaxis
Chairman
References:, - : : ) .
1. Memorandum dated June 1, 2001, from William D. Travers, Executive Director for

Operations, NRC, to George Apostolakis, Chairman, ACRS, Subject: Steam Generator
Action Plan Revision to Address Differing Professional Opinion (DPO) on Steam
Generator Tube Integrity Issues. 1

2. U.S. Nuclear Regulatory Commission, NUREG-1740, “Voltage-Based Alternative Repair
Criteria,” Advisory Committee on Reactor Safeguards, March 2001.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

TR October 18, 2001
MEMORANDUM TO: William D. Travers
Executive Direct iorig
’ .
)
FROM: John T. Larkins, ‘Executive Director

Advisory Committee on Reactor Safeguards

SUBJECT: RESPONSE TO YOUR AUGUST 8, 2001, LETTER ON THE RISK-
’ BASED PERFORMANCE INDICATORS: PHASE 1 REPORT

During the 485" and 486" meetings of the Advisory Committee on Reactor Safeguards,
September 5-7 and October 4-6, 2001, the Committee considered your August 8, 2001
response to the ACRS letter dated June 19, 2001, concerning the risk-based performance
indicators Phase 1 report. The Committee decided to address issues related to the use of
performance indicators in its report dated October 12, 2001, on the reactor oversight process
(ROP). The Committee plans to continue its review of the development of risk-based
performance indicators and looks forward to working with the staff as progress is made in
establishing and testing risk-informed methods to support the ROP. The Committee is
interested in reviewing the SAPHIRE code and SPAR model development in more detail during
future meetings.

References:

1. Letter dated August 8, 2001, from William D. Travers, Executive Director for Operations,
NRC, to George E. Apostolakis, Chairman, Advisory Committee on Reactor Safeguards,
Subject. Risk-Based Performance Indicators: Phase 1 Report.

2. Letter dated June 19, 2001, from George E. Apostolakis, Chairman, Advisory
Committee on Reactor Safeguards to William D. Travers, Executive Director for
Operations, NRC, Subject: Risk-Based Performance Indicators: Phase 1 Report.

3. Report dated October 12, 2001, from George E. Apostolakis, Chairman, Advisory
Committee on Reactor Safeguards, to Richard A. Meserve, Chairman, NRC,
Subject: The Reactor Oversight Process (ROP).

cc: A. Vietti-Cook, SECY
J. Craig, EDO
|. Schoenfeld, EDO
A. Thadani, RES
S. Newberry, RES
P. Baranowsky, RES
S. Mays, RES
S. Collins, NRR
M. Johnson, NRR
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

~

October 23, 2001

Dr.-William D. Travers

Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washlngton D.C. 20555-0001

:Dear Dr Travers )
SUBJECT: EPRI REPORT ON RESOLUTION OF NRC GENERIC LETI'ER 96 06
: WATERHAMMER ISSUES - - .~ -

-

During the 486" meetmg of the Advisory Commuttee on Reactor Safeguards, October 4-6, 2001,

.~ we completed our review of the Electric Power Research Institute (EPRI) proposed approach to

resolution of issues associated with waterhammer events occurring in low-pressure containment
cooling systems in pressurized water reactors (PWRs), pursuant to the requirements specified
in NRC Generic Letter (GL) 96-06. We also discussed this matter with representatives of the
NRC staff and EPRI during our 485" meeting on September 5-7, 2001. In addition,’our ™~
subcommittee on Thermal-Hydraulic Phenomena reviewed this matter during meetlngs held on
November 17,-1999, January 16-17, 2001, and August 22—23 2001 Dunng our rewew we had
the benef t of the documents referenced.

‘ < 1
-~ a PR

RECOMMENDATION X

- The apphcatlon of the proposed EPRI methodology should not be approved untxl thereisa
better demonstration that it provides results that are bounding for realistic plant configurations
and scenarios.

DISCUSSION . o n e

Fan cooler units (FCUs) are installed in PWRs to cool the containment during normal operation
and, for some designs, to cope with the design-basis loss-of-coolant accident (LOCA) or main
steamline break (MSLB) event simultaneous with a loss of offsite power (LOOP).- In this design-
. basis event, the cooling water will stop c1rcu|at|ng through the FCU and the fans driving

containment air and steam across the FCU heat transfer surfaces will coast down. ‘These
conditions will last at least 30 seconds until the emergency diesel generators can start and the
load sequencing will restart the service water pumps. This 30-second window is enough time
for the water in the FCUs to boil and drain to create steam-and-air-filled void regions. When the
FCU pumps return to power, a “slug” of water.entering the voids creates condltlons fora
.possible waterhammer event that could - break the system piping, thus potentially causmg loss of
the cooling function, containment flooding, and creatlon of a contannment bypass path.
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The NRC issued GL—96-06,‘in part, to address the above concerns. The GL referenced ]
NUREG/CR-5220, which provides a conservative approach for evaluating waterhammer events.
EPRI and a number of utilities elected to pursue a less conservative approach than that
specified in this report.

The EPRI methodology includes an analytical model of the closure of an air and steam pocket,
which could cushion the impact of the incoming water slug, thus spreading out the pressure
spike and reducing its maximum amplitude. The EPRI model hypothesizes that the pocket -
contains dissolved air that is released during boiling, and steam that is left uncondensed before
the waterhammer event occurs. .

The determination of the two major parameters (air release fraction and steam condensation on
the water/void interfaces) that affect the reduction in severity of the waterhammer, was done by
EPRI in scaled experiments that were intended to represent conditions in real FCUs.

To determine the air release fraction, EPRI conducted two series of experiments with two
different configurations of the test apparatus. In the first configuration, water in a simulated FCU
. heat exchanger tube was allowed to drain into a header as boiling occurred in the tube due to
heat addition from steam external to the tube. The difference between the oxygen content of the
drained water and the initial concentration before the experiment started was said to be an
indication of the air released. EPRI ran a number of such tests at two different boiloff rates and
recommended the lower mean value of the results as the air release fraction under these -
conditions. ; '

To simulate conditions that would exist in some parts of the FCU, the second configuration had
the header release path filled with air-saturated water to a height of two-feet above the heat
exchanger tube drain point, thus inhibiting drainage. In these experiments, the steam and
released air bubbled up through the two-feet of water before being released. The dissolved
oxygen content of the two-foot column before and after the 30-second test period was
considered to be an indication of the air-release fraction:” EPRI recommended using the lower
mean value from the two sets of fractions of air released.

EPRI also experimentally determined the condensation rates of steam during column closure
events in a two-inch diameter pipe. The real FCU waterhammer events are believed to -
generally take place in piping that is 10-inches to 16-inches in diameter. The results, therefore,
must be scaled up to represent plant FCUs. EPRI developed a scaling model to do so.

Our discussion focused on the prototypicality of these experiments, the adequacy of the scaling
model, and the appropriateness of the condensation and air-release models (see the attached
discussion by ACRS Member Graham Wallis). We find that EPRI's conceptual model is
oversimplified, and we are uncertain how it can be applied to plant-specific scenarios and
configurations.

The combination of a LOCA and an independent LOOP is a very low probability event (some
estimates have placed the frequency at a value as low as 10°/yr). A risk-informed view could
conclude that such an event is not risk significant. This LOCA/LOOP event, however, has been
defined as a design-basis accident, and coping with it must be considered as a compliance
issue at this time. We would, however, support efforts to use risk-informed approaches to
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determine whether the FCU waterhammer requrrements assocrated with the LOOP/LOCA event
should be modified. ‘ .

References
1.

. Sincerely,
5*.

George E Apostolakrs -
Chalrman . e T -

o oa s,

U. S. Nuclear Regulatory Commlssmn Genenc Letter 96- 06 “Assurance of Equipment

. Operability and Containment lntegnty Dunng Desrgn -Basis Accrdent Condmons

September 30, 1986 = . . ’
EPRI Letter dated December 15, 2000 transmlttlng EPRI Reporl TR—113594 Volumes
1 & 2, “Resolution of Generic Letter 96-06 Waterhammer Issues,” December 2000
(Proprietary).

EPRI Letter dated July 10, 2001, to J. Tatum, U. S. Nuclear Regulatory Commrssron
Subject: Resolution of Generic Letter 96-06 Waterhammer lssues EPRI Report
-TR-113594, Volumes 1&2, Revised Sections.

‘U. S. Nuclear Regulatory Commission, NUREG/CR-5220 Vol 1, “Dlagnosrs of

Condensation-Induced Waterhammer October 1988. T

a

Attachment: Comments on EPRI Reports and Presentatlons on GL-96-06 (Fan Cooler

- Waterhammer Issues) by ACRS Member Graham Wallis, October 2, 2001.
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COMMENTS CN EPRI REPORTS ANb PRESENTATIONS ON GL 96-06
(FAN COOLER WATERHAMMER ISSUES)
Graham Wallis, October 2, 2001

In its earlier meetings with EPRI (November 17, 1999; January 16-17, 2001, and August 22-23,
2001), the Thermal-Hydraulic Phenomena Subcommittee raised three major issues: the
justification for the air release model, the validity of the condensation model, and the relationship
of these models to the actual events that have to be analyzed in a nuclear plant. EPRI
responded to the first two of these at the Thermal-Hydraulic Phenomena Subcommittee meeting
on August 22-23, 2001, and at the September 6-7, 2001 ACRS meeting.

| still have’ concéms 6ver the third issue and how it influences the pfoper conclusions regarding
the first two. EPRI has had little to say about plant scenarios. | am unconvinced that the work
reported so far actually solves the real problem. o

Layout of a Plarit

The EPRI scenario is based on idealized sketches of a plant (Figures 2-1 and 2-2 of the
Technical Basis Report). This is further reduced to a very simplified diagram in Figure 9-5 of the
Report, which is also Figure 5-2 of the User's Manual. Analysis is baseéd on the motion of a
single slug compressing a single bubble in a single large pipe closed at the downstream end.
All of the air released in the boiling process is assumed to be in this bubble.

The actual plant conditions are far, from this conceptual model.. Plants typically have three or
four fan coolers. In the plants that | am familiar with, these are connected in parallel to ring
headers, running around the periphery near the inner wall of containment, that supply water to
the coolers and remove it from them. These ring mains also supply service water to other parts
of the plant, therefore they are much bigger than is needed to carry the flows to the coolers
themselves.

The coolers may each have similar designs, but the piping that connects them to the ring
headers is likely to differ between coolers because of the need to avoid other structures in the
vicinity. This connecting piping contains various bends and pipes of several orientations, which
may include a vertical U-bend. The coolers are not necessarily installed in a symmetrical
pattern with respect to the main supply lines or exhaust lines to the ring headers, which are
represented by the vertical branches inside containment in EPRI’s sketches.

The fan cooler module sketched in Figure 2-3 of the Technical Basis Report has 48 tubes per
pass, each consisting of three 112-inch lengths of 5/8-inch tubing. The total fluid volume in this,
assuming that 5/8 is the internal diameter of the tubes, is 3 x 48 x 112/1728 x n/4 x (5/8)* = 2.86
cubic feet. According to the sketch, there are six modules stacked above each other. This
would lead to an overall height of about 20 feet, which my colleagues who are familiar with
plants tell me is too big. Accepting EPRI’s figure, the total volume of the cooler is 6 x 2.86 =
17.2 cubic feet.
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- The ring mains have diameters as large'as 16 inches. If the nominal value of the diameter is
taken as close enough to the actual physical value, the volume of one of these is n/4 x (16/12)2
= 1.4 cubic feet per foot length. Since these mains are perhaps 200 feet long, the total volume
of water that is initially in them is large compared with the volume of water in the fan coolers.
This water is initially at around the containment temperature of perhaps 100° F and it is not -
significantly heated by the LOCA atmosphere during the 30 seconds of fan cooler voiding,
because the main pipes are large and lnsulated Some plants use chllled water whlch is lnmally
at or about 50° F

LOOP Alone

EPRI does not explain the details of how voids form in a LOOP scenario, but some events can
be inferred. Looking at the LOOP discussion on pages 5-2 to 5-5 of their report, we see that
plants with open-loop cooling water systems and either top- or bottom-draining FCUs
experienced waterhammers during a LOOP. Apparently, this has not happened in plants that
have closed-loop coohng water systems i

In a LOOP without a LOCA the water is not heated and voids form at close to Zero pressure.
The voids contain a mixture of air and steam with such low density that they mlght be
considered to be empty for some purposes. ~

. We are told that waterhammer occurred in the main piping in both systems. Now, if the void
were only in the top of the cooler with a bottom drain, tuming on the pump would cause closure
in the cooler unless the void actually extended to the main piping.” So, | infer that the draining of
the main piping, when there is almost a complete vacuum in the cooler, is so rapid that the voids
extend into the main pipes before the pumps come on. Condensation does not occur because
the temperature of 100° F is the same as the saturation temperature correspondlng to the
pressure (about 1 psia). ‘

The key point is that in the time before the pumps come on, with an open-loop cooling water
system, there is enough draining to the outside world to create significant voids in the main
pipes as well as in the cooler, even when there is almost a complete vacuum sucking the water
back. These voids are not going to look like EPRI's with vertical ends. They are more likely to
‘be composed of long, stratified regions, with perhaps a bubble-like “nose” at the ends spreading
along the pipe, as well as some regions of drspersed smaller bubbles.’

i

1 don‘t know what the assumptions are behind the typlcal plants analysus of a LOOP without
LOCA. If the void formation in the cooler is homogeneous, then any fluid leaving the cooler will
carry air and steam with it, as | will hypothesize for the LOCA. If there is significant phase
separation, then the cooler alone must void to some extent before voids reach the malns
depending on the detalls of the piping. .

LOOP-LOCA -

In a LOOP-LOCA event, the pumps circulating water to the fan coolers run down and stop. As
the containment heats up, heat transfer to the fan coolers is very effective as the fans are still*
coasting down. - Eventually, the water in them reaches saturation temperature corresponding to
the local pressure and is ready to boil. Probably, the elevation differences from top to bottom of
the cooler are small enough, especially if the height estimated by my colleagues who are familiar
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with these devices is less than half that shown by EPRI, that the conditions in the cooler may be
taken as approximately uniform.

The water cannot boil unless room is made for the bubbles that are formed. Otherwise the
pressure would rise, but no significant vaporization would occur. Voids open up when water
flows out of the open ends of the piping system in an open-loop arrangement or when the level
rises in the head tank in a closed-loop system. If there is a check valve at the pump in an open-
loop system, water must flow out of the discharge, which will not be closed as shown in Figure
9-5 of the EPRI Report and in Figure 5-2 of the User's Manual.

The engineer faced with analyzing what happens next has to perform a transient dynamic
analysis of the motion of the water, given a driving pressure (saturation?) in the cooler, the
resistance and inertia of the fiuid in all the flow paths, and the exhaust or head pressure. This
may also involve some heat transfer calculations for the cooler, but probably this is not the
limiting process, at least at the start. -

Growth of the voids in the coolers leads to ejection of a steam/air/water mixture into the ring
headers which are initially filled with water around the containment temperature of 100° F (or
less if the water is chilled) and was not warmed up by the LOCA. The first fluid ejected is mostly
water; later it is mostly steam. When this mixture emerges into the cold water, the steam tends
to condense. This does not occur in a stagnant system. The water in these lines is itself set in
motion to varying degrees in response to the flow out of the coolers. The flow out of one cooler
displaces water past the other downstream coolers. The order of magnitude of the volumetric
cocurrent flow of cold water is the same as that of the mixture leaving the cooler: therefore, new
cold water is continually brought into contact with the fluid leaving the coolers.

Even if the flow in the main should be stagnant at one of the entry points, a large bubble of
steam will spread by gravity along the top of the pipe in both directions at a speed given
approximately by the standard formula for a large “Slug Flow” bubble, 0.5 times the square root
of gD, or about 3.3 ft/s for a 16-inch pipe. As the bubble spreads out, this speed reduces
roughly in proportion to the square root of the height of the vapor in the stratified region behind
the bubble nose. This continually exposes new cold water at the ends of the bubble, and also
stirs up the hot and cold water mixture: As long as the pressure is maintained above the
saturation pressure corresponding to some effective value of the water temperature in the main,
most of the steam entering the ring main(s) will condense leaving bubbles of air spread out
along the top of the pipe. Estimates of the rate and extent of this condensation will be given
later. :

Eventually, the coolers may dry out, stopping the production of steam. If boiling is sufficiently
vigorous, as it is described to be by EPRI, then the flow in the cooler may be approximated as
homogeneous, with the air, steam, and water moving together at the same velocity. For this
case, if the heat transfer and pressure conditions are approximately uniform throughout the
cooler, it is possible to calculate the amount of steam that will have been driven into the ring
headers by the time the cooler goes dry (see the Appendix to this discussion). The same result
is predicted if the fluids in the cooler are well-mixed. For a pressure of one atmosphere in the
cooler (closed system), the volume of steam driven out is 6.4 times the volume of the cooler, V.,
and the volume of water driven out is roughly the same as the volume of the cooler. Fora
pressure of 8 psia in the cooler (open-loop system, corresponding closely to a pressure of one-
half atmosphere), the amount of vapor driven out is about 7 times the volume of the cooler.
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This may seem like a lot of steam, but it has little mass. The mass is 6.4V, /v, in the first case. If

it is condensed by water initially at 100° F the capacity of the cold water to condense steam may

be evaluated from an energy balance in which the water is heated to the saturation temperature

in the limiting case. The volume of water that it takes to‘condense all the steam is ’
.. Vy =84V vivoh/ (212-100) C, = .

6.4 (.01672/26.8) x 970.4/(112 x 1) = 0.0346V, cubic feet. §

Therefore, it takes a volume of water equal to about 3.5% of the volume of the cooler to
condense all the steam that is ejected from the cooler if these events occur at around
atmospheric pressure. Using the cooler volume of 17.2 cubic feet calculated earlier, this water
. volume is close to 0.6 cubic feet or the amount of cold water in about a five-inch length of the

-, ring main. The amount of cold water available in the ring mains is two orders of magmtude

larger than this.

For the case of the open-loop cooling systems, EPRI states on page 6-5 that a typical pressure
during voiding is 15 inches of mercury. For convenience in using steam tables i assume that
this corresponds to 8 psia. -

- Using the result in the'Appendix the amount of steam ejected from a cooler that is boiled dry
homogeneously at8 psiais 17.2 cuft. x 7/ 47 35 cuft./lb. = 2. 54Ib -

i The amount of heat transfer it takes to condense this steam is 2.54Ib x 988. 5 BTU/b = 2514
BTU. This corresponds to heating 30 pounds of water from 100° F to the saturation temperature
of 182.8° F. This is about the amount of water contalned ina4. 25-|nch Iength of 16-inch prpe
The volume of ﬂutd ejected in bomng the cooler dry homogeneously at 8 psia’is made up of -
seven times the cooler volume of steam and one cooler volume of water. . Thus, the total volume
ejected is 17.2 x 8 = 137.6 ft°. The velocity of this if it filled a 16-inch pipe and occurred
uniformly over 20 seconds is around 5 ft/s. In the smaller exhaust pipe from the cooler, this
velocity will be bigger and will stir up the water in the main considerably, thereby enhancing
mixing and condensation.
If the heat transfer coefficient is 72,000 BTU/hr.ft?F and it acts over an areaof twice the main
pipe cross-sectlonal area, then the time taken to condense this steam wrth a temperature ‘
dlfference of 82.8° Fis - . "

2514 §TUllb x 3600 s/hr / 72000 BTU/hr.ftéF /1828°F/2/1.4ft2=0.54s.
If the actual effective temperature difference is only 10° F, then the tlme is 4. 5 S.

lThese results suggest that there is plenty of trme for essentially complete condensatlon to occur
in the mains durlng the voiding of the coolers, whrch takes around 20 seconds .

One may argue how efficient the mixing is m the nng main, but itis very Ilkely that with'so little
_cold water required, the steam will indeed all be condensed if the pressure is indeed 8 psia. The

hot water, equal to about the cooler volume, that also enters the ring main is dispersed and

mixed and is unlikely to inhibit condensation. Moreover, it is mostly ejected at the start of the
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process, while almost pure steam emerges over the latter stages of the discharge and it will be
condensed very rapidly. . -

Should the cooler boil dry, the steam that is left in the cooler at the end of the process has a
concentration of air equal to the initial concentration of air in the water. This is because the flow
was homogeneous (the same result is obtained if it is considered to be well mixed). The mass
of water corresponding to this volume is V. /v, whereas the initial mass of water was V/v,. The
ratio of these masses is 1600 at atmospheric pressure. Therefore, an estimate that one half of
the air initially in the cooler is in the remaining steam bubble would be off by a factor of about
800. The air that was emitted from the water is almost all in the ring main. This illustrates that
one cannot simply measure the amount of air removed from a water sample by boiling in a
simple laboratory test, one has to work out where it goes in an actual plant. The discussion on
pages 5-5 and 5-6 about “the void” does not take into consideration that there are different voids
produced at different times. They have different histories and contain different amounts of air.

When the pumps are turned on, water flows into the fan coolers and will rapidly condense the
vapor that is there. This is particularly true in the open-system with a check valve at the pump.
Since in this case, no fluid comes from the cooler to the upstream ring main during the
vaporization phase, the water that enters has not been preheated at all by steam or hot water. It
meets steam with almost no airin it. If there is still boiling occurring in a fan cooler that has not
fully drained by the time the pumps come on, then a balance must be computed between - -
condensation in one part and boiling in another. There will also be somewhat more air in the
steam in this case. | suspect that the condensation will overwhelm any vapor formation because
the water flow rate is high and dispersed over many tubes.

In a closed cooling water system, or an open system with insufficient downstream hydrostatic
suction to support a vacuum, some water from the downstream ring main may be sucked back
into some or all coolers in response to rapid condensation in the cooler and the resultant -
depressurization. A dynamic system analysis has to be performed to decide the direction of flow
of this water. Because the air bubbles and warm water have earlier been convected away, this
water may be representative of the original cold water in the main. ~

If water enters a cooler from both ends, with the predominant flow at the entry because the
pump head is far greater than the small difference between the vacuum in the cooler and the
gravitational head downstream, the final column closure will occur in the cooler. Probably, the
last vestiges of steam will be in the downstream header. They will be condensed by multiple jets
emerging from the tubes, and will not produce a coordinated waterhammer, though there may
be some bangs as individual small bubbles condense.

It is possible that conditions may favor the emergence of some steam into the ring main during
the filling of the cooler. If the pressure is maintained at around the 8 psia value used by EPRI,
this steam will be condensed on arrival in the cold water environment and will not produce a
large bubble in the ring main. There may be some waterhammers in the piping leading from the
cooler to the main, perhaps in the U-bends or other places favorable to the trapping of a steam
bubble. This is a plant-specific question that is not answered by the EPRI work. Since there
have probably been waterhammers in the cooler system during startup and LOOP testing, this
event has probably already been shown not to damage the plant.
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Even in the very unlikely event that steam survives to make a significant bubble in the ring main,
there will be four of these bubbles, not one, and their lnteractlon may tend to reduce the intensity
of any waterhammer .

In plants with an open loop cooling water system, the rate of draining to the outside world
plays a key role in the LOCA scenario. As the coolers boil, the pressure in the voiding region is
kept up above the almost complete vacuum in the LOOP case. Therefore, the draining to the
outside world is more rapid than in a LOOP alone. With this much water being lost, there must
be a corresponding volume of voids formed and it will be larger than in the LOOP case. *
:In the LOOP event, the pressure is around 1 psia and voids immediately enter the mains if the
. voiding in the coolers is homogeneous. There, they will not condense and may coalesce to form
large bubbles. On the other hand, though voids form more rapidly in the LOOP-LOCA event
because of boiling, the voids that enter the mains are removed by condensation as long as the
pressure is maintained sufficiently above the saturation pressure corresponding to the -
temperature in the mains. No waterhammer will occur in the mains unless there is a mechanism
for v0|ds to perS|st there

-3 oo . t

’ Vords will form in the coolers but, as argued above, they will not extend to the main pipes if the
steam formed (at 8 psia?) is being consumed almost at once by condensation on the cold water
in the mains. What has to happen for voids to persist in the mains is for the pressure to drop to
the point where condensation is no longer completely effective. In the extreme case, where
approach to equilibrium is rapid, the energy balance is dominated by the heat capacity of the
cold water in the mains. The pressure will drop to around the saturation temperature at 100° F,
or 1psia, as in the LOOP. ‘There will be a kind of “ejector” sucking steam out of the cooler.' The
flow rates and pressures at various points have to be calculated from an integrated analysis of

- the boiling, condensation, flow, and mixing phenomena. EPRI ran their tests at about one-half

an atmosphere on the basis of the assertion that this was the pressure in the coolers during a

LOCA-LOOP. This assertion must be the result of some analysis that i is not descnbed in their

report and which needs to be explained.

A possible scenario for waterhammer in the main piping of a plant with an open-loop coollng

water system is as follows. The coolers boil and voids form. Steam is ejected into the mains

and it condenses, leaving air bubbles and warm water in parts of the mains. Because the mains
are draining faster than in a LOOP, the voids in the fan cooler grow faster, making more steam.

The pressure in the fan coolers has to be calculated by considering interaction between the rate

of boiling, the rate of condensation, and the rate of draining of the main plpes to the outsrde

world. This essential role of the rate and amount of draining to the outside world in an open loop
system is missing from EPRI's report. -Indeed, Figure 9-5 in the report, that shows the
downstream end of the main pipe to be closed, is misleading as it precludes what is actually the
governing process in void growth.

After a while, and especially if the fan coolers become dry, the draining to the outside world may
drive the pressure low enough that condensation is no longer so effective in the mains. The
pressure may also drop to the point where water in the mains that has been heated by
condensation and by mixing with hot water ejected from the fan coolers may flash to form steam.
At that time, the steam in the coolers will contain very little air, but the steam formed in the mains
will probably mix with the air that was left there by earlier condensation. The point is that the
histories of local pressures, temperatures, and air and steam volume fractions have to be
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calculated from some plant-specific system mode. There may be voids in several locations,
each containing different amounts of air. Because there are several coolers and the flow and
heat transfer histories differ in the mains downstream of each, it is not clear that subsequent
events can be modeled conservatively by assuming a single bubble collapse in a single location.
There may be a succession of column closures, with perhaps some of them involving steam with
little air in it. : "

In contrast to the above, it seems unlikely that either LOOP or LOCA can lead to waterhammer
in a closed-loop system because the pressure is maintained above atmospheric by the head
tank (assuming it is above the coolers). | note that EPRI only mentions LOOP waterhammers in
open-loop systems (pages 5-2 to 5-5). Steam voids are unlikely to get into the mains without
condensing there during a LOOP-LOCA if there is a head tank because the key mechanism of a
vacuum pulled by the outside world is absent and draining of the mains does not occur. There
is plenty of cold water to condense the steam at the prevailing pressure and direct contact -
condensation should ensure that it occurs rapidly enough that little steam can survive in the
main pipes. g

There are still questions about the way in which the cooler voids. Does some sort of phase
separation occur? How does it differ in the LOOP and LOOP-LOCA cases? Can it be assumed
that the cooler is a single uniform node, or should it be represented by several nodes stacked
vertically and horizontally? Boiling tends to make things homogeneous; does “void formation” at
1 psia do the same? | expect that void formation occurs throughout the fluid, as in a
depressurized champagne bottle.

EPRI has not provided an analysis of the phenomena that occur in an actual plant. The very
simplified problem that was addressed seems to have been formulated by a group of experts
making estimates in setting up a Phenomena Identification and Ranking Table (PIRT). Perhaps
they did have access to plant-specific analyses, but they haven’t shown them to us nor
explained the assumptions behind them. We and the staff deserve to see some plant analyses
and may need to understand their bases in order to be able to tell if and how the proposed
generic solution is relevant or leads to conservative predictions.

A code such as RELAP may have trouble modeling these events because it does not have a
good representation of direct contact condensation, the mixing and stratification processes in
the main pipes, nor the phase separation that may occur in the coolers.

It is reasonable to argue that waterhammer in a LOOP event would be expected to be more
severe than that in a LOOP/LOCA because there is essentially no cushioning in the former
case. However, this argument depends on a suitable demonstration that the other key -
parameters, such as closure velocities and void locations, are sufficiently similar for the two
events in a particular plant.
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APPENDIX S

Let M be the mass of fluid in the cooler at a steam quality x. The volume of the cooler is related
to its contents by . .

V. = M (xv + (1-X) v;) (1)
Let a mass —dM, containing a mass dM, of steam leave the cooler. Theﬁ
~xdM =dM, | @ '
Eliminating x from (1) and (2) we get
dM, = -dM/v,, (VJM -v;) (3)
Integrating from M, at the start to M, at the end of the process, the mass of steam ejected is
M; = Vv, (M- My) - Vv In(M,/M,) 4)
If the cooler is initially full of water and ends up full of steam,
V. =My, = My, 5)
Tidying up between (4) and (5),
Mg = M, (v/v,) (In (v/v) =1)  (6)
Or, in terms of volumes,
Vy = Ve (V) ((In(vv) =1) ()
Since v, is very close to vy at low pressures, the first factor is about unity.
At one atmosphere, v = 26.8 cu.ft/Ib and v~ 0.01672 cu.ft /ib. Then (7) reduces to
V=V, (7.4-1)=64V,

Equation (1) is valid if the conditions of each fluid element are the same and they are each
homogeneous (no mixing). It is equally valid if the contents of the cooler are well-mixed. The
physics and phase distributions do not change from one case to the other, the conditions being
uniform in each case.

The same result can be deduced by analyzing the special case of voiding at constant pressure
of a long pipe heated with a uniform heat flux. It is not necessary that the heat flux be constant
with time. In this case, the actual void history of each fluid particle is also predicted, perhaps
lending more credibility to the analysis until it is realized that the actual geometry does not
matter.
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The nomenclature used in the above equations is as follows:

specific heat of water

pipe diameter
acceleration due to gravity
latent heat

mass

specific volume of water
specific volume of steam
change of specific volume in evaporation
volume of cooler

volume of water

steam quality
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& % UNITED STATES
£ N g (A “ NUCLEAR REGULATORY COMMISSION
; . 2.8 ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
A W x WASHINGTON, D.C. 20555-0001
‘;/‘ "Qg.:' ‘:,

October 23, 2001

MEMORANDUM TO: William D. Travers

Executive D%@io
FROM: John T. Larkins}‘éxec '° ¢ %lrector

Advisory Committee on Reactor Safeguards

SUBJECT: DRAFT REGULATORY GUIDES ASSOCIATED WITH A PROPOSED
REVISION TO 10 CFR 50.55a, “CODES AND STANDARDS”

During the 486™ meeting of the Advisory Committee on Reactor Safeguards,
October 4-6, 2001, the Committee considered four draft regulatory guides associated
with a proposed revision to 10 CFR 50.55a. The Committee plans to review the
proposed final version of these regulatory guides following the reconciliation of public
comments. The Committee has no objection to issuing these guides for public
comment.

References:

1. Memorandum dated September 27, 2001, from Michael Maylield, Office of Nuclear
Regulatory Research, to John T. Larkins, ACRS, Subject: ACRS Review of Draft ASME
Code Case Regulatory Guides.

2. U.S. Nuclear Regulatory Commission Draft Regulatory Guide DG-1090 (Proposed
Revision 32 to Regulatory Guide 1.84), “Design, Fabrication, and Materials Code Case
Acceptability, ASME Section 1lI,” received September 27, 2001.

3. U.S. Nuclear Regulatory Commission Draft Regulatory Guide DG-1091 (Proposed
Revision 13 to Regulatory Guide 1.147), “Inservice Inspection Code Case Acceptability,
ASME Section XI, Division 1,” received September 27, 2001.

4. U.S. Nuclear Regulatory Commission Draft Regulatory Guide DG-1088, “Operation and
Maintenance Code Case Acceptability, ASME OM Code,” received September 27, 2001.

5. U.S. Nuclear Regulatory Commission Draft Regulatory Guide DG-1112, “ASME Code
Cases Not Approved for Use,” received September 27, 2001.

cc: A. Vietti-Cook, SECY
J. Craig, OEDO
I. Schoenfeld, OEDO
A. Thadani, RES
M. Mayfield, RES
W. Norris, RES
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
: WASHINGTON, D.C. 20555-0001

November 13, 2001

MEMORANDUM TO: William D. Travers

Executive W
FROM: _ John T. Larking,/ éxnggué Director

Advisory Committee on Reactor Safeguards

SUBJECT: CORE POWER UPRATES FOR DRESDEN AND QUAD CITIES
NUCLEAR POWER STATIONS

During the 487™ meeting of the Advisory Committee on Reactor Safeguards, November 8-10,
2001, the Committee met with representatives of the NRC staff and the Exelon Generation
Company to review the license amendment requests for an increase in core thermal power for
the Dresden Nuclear Power Station, Units 2 and 3, and the Quad Cities Nuclear Power Station
Units 1 and 2, pursuant to the General Electric Nuclear Energy Extended Power Uprate
Program. Our Subcommittee on Thermal-Hydraulic Phenomena also reviewed this matter
during a meeting held on October 25-26, 2001.

The Committee cannot complete its review of this matter until the NRC staff resolves the open
issues, particularly the issue of the need for conducting large transient tests. The Committee
would like to discuss the resolution of these issues with the staff during its December 2001
meeting and anticipates concluding its review at that time.

cc: A. Vietti-Cook, SECY
J. Craig, EDO
I. Schoenfeld, EDO
S. Collins, NRR
B. Sheron, NRR
J. Zwolinski, NRR
S. Bajwa, NRR
M. Shuaibi, NRR
L. Rossbach, NRR
A. Thadani, RES
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

November 14, 2001

MEMORANDUM TO: William D. Travers

Executive Director for Operations i f }
FROM: i John T. Larkins, Executive Director Se—;

Advisory Committee on Reactor Safeguards
SUBJECT: UPDATE RULEMAKING FOR 10 CFR PART 52

During the 487™ meeting of the Advisory Committee on Reactor Safeguards, November 8-10,
2001, the Committee considered the draft rule language for the proposed update to 10 CFR
Part 52, “Early Site Permits; Standard Design Certifications; and Combined Licenses for
Nuclear Power Plants.” The Committee plans to review the proposed final version of 10 CFR
Part 52 following the reconciliation of public comments.

References:
1. Memorandum dated September 27, 2001, from James E. Lyons, Office of Nuclear
= Reactor Regulation, to John T. Larkins, Advisory Committee on Reactor Safeguards,
Subject: Update Rulemaking for 10 CFR Part 52.

2. Letter dated November 8, 2001, from Ron Simard, Nuclear Energy Institute, to
Annette L. Vietti-Cook, Secretary, NRC, Subject: Comments on Petitions for
Rulemaking, Docket Numbers PRM-52-1 and PRM-52-2.

3. Letters dated July 18, 2001, from Robert W. Bishop, Nuclear Energy Institute, to
Annette L. Vietti-Cook, NRC, Subject: Petitions for Rulemaking for 10 CFR Part 52.

4. Memorandum dated August 2, 2001, from Annette L. Vietti-Cook, Secretary, NRC, to
William D. Travers, Executive Director for Operations, NRC, Subject: Staff
Requirements - Briefing on Risk-Informing Special Treatment Requirements.

5. Memorandum dated February 13, 2001, from Annette L. Vietti-Cook, Secretary, NRC, to
William D. Travers, Executive Director for Operations, NRC, Subject: Staff
Requirements - Staff Readiness for New Nuclear Plant Construction and the Pebble
Bed Reactor.

cc: A. Vietti-Cook, SECY
J. Craig, EDO
l. Schoenfeld, EDO
S. Collins, NRR
J. Lyons, NRR
J. Wilson, NRR
A. Thadani, RES
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

. . . November 16, 2001

The Honorable Richard A. Meserve
Chairman - .

U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Dear Chairman Meserve;

SUBJECT: REPORT ON THE SAFETY ASPECTS OF THE LICENSE RENEWAL
APPLICATION FOR THE EDWIN I. HATCH NUCLEAR PLANT, UNITS 1
AND 2 : ‘
During the 487" meeting of the Advisory Committee on Reactor Safeguards, November
8-10, 2001, we completed our review of the Southern Nuclear Operating Company’s -
(SNC's) application for license renewal of the Edwin I. Hatch Nuclear Plant, Units 1 and
2, and the related final Safety Evaluation Report (SER). We issued an interim letter
concerning this application and the SER with open items on April 16, 2001, and our
Plant License Renewal Subcommittee held discussions with representatives of the staff
and SNC on October 25, 2001. We also had the benefit of the documents referenced.

Conclusions and Recommendations

1. The SNC application for renewal of the operating licenses for Hatch; Units 1 and
..2, should be approved. , N .

p.

2. The programs instituted to manage aging-related degradation are appropriate
_ and provide reasonable assurance that Hatch, Units 1 and 2, can be operated
. safely in accordance with their licensing bases for the period of extended
- operation without undue risk to the health and safety of the public.

3. The staff has performed a comprehensi‘ve'revievsl/ of SNC'’s application. - The
open items identified in the February 2001 draft SER have been resolved
satisfactorily.

4. ~ The SER clarifies staff positions on non-safety-related seismic [l-over- piping
systems, long-lived passive components of skid-mounted complex assemblies,”
fan housings, and damper frames. These clarifications provide significant
guidance that could prevent these issues from becoming open items in future
applications. They should be incorporated into the generic license renewal

guidance documents. - :
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Background and Discussion

This report fulfills the requirement of 10 CFR 54.25 that the ACRS review and report on
license renewal applications. SNC requested renewal of the operating licenses for
Hatch, Units 1 and 2, for a period of 20 years beyond the current license terms, which
expire on August 6, 2014, for Unit 1, and June 13, 2018, for Unit 2. The final SER
documents the results of the staff’s review of information submitted by SNC, including
those commitments that were necessary to resolve open items identified by the staff in
its February 2001 draft SER. The staff’s review included the verification of the
completeness of structures, systems, and components (SSCs) identified in the
application, the validation of the integrated plant assessment process, the identification
of the possible aging effects associated with each passive long-lived component, and
the verification of the adequacy of the aging management programs. The staff also.
conducted site inspections to verify the adequacy of the implementation of the
methodology described in the application.

As noted in our April 16, 2001 interim letter, the SNC’s approach to identifying SSCs
that are within the scope of the License Renewal Rule is function-based, rather than the
system-based approach used in previous applications. This approach was adequate,
but made it difficult for the reviewers to ascertain which SSCs were in scope and which
were not. The staff’s review relied heavily on supporting documents located at the site
and on requests for additional information. In addition, the staff performed a “walk-
through” of the process for three systems that are within scope. On the basis of its
extensive review, the staff identified some additional components that the applicant
should have included within the scope of license renewal, and classified them as open
items. These open items have been resolved by including the additional components in
scope. We concur with the staff that the applicant has now properly identified SSCs
requiring an aging management review.

Components brought into scope through the resolution of open items include non-

safety-related seismic ll-over-I piping systems, long-lived passive components of skid-

mounted complex assemblies, fan housings, and damper frames. The inclusion of

these components was contested in previous license renewal applications. The issue of %
seismic ll-over-I piping is an open item in an application that is currently under review.

The Hatch SER includes effective clarifications of why these components need to be

included within scope. The guidance provided by these clarifications could prevent

these issues from becoming open items in future applications. Consequently, these

clarifications should be incorporated into the generic license renewal guidance

documents.

SNC has conducted a comprehensive aging management review of SSCs that are
within scope. Aging effects were identified on the basis of component material,
operating environment, and operating stresses using plant-specific and industry-wide
operating experience. Topical reports developed by the Boiling Water Reactor Vessel
and Internals Project (BWRVIP) were also used to identify aging effects and to develop
aging management programs that support the Hatch application. We reviewed a
number of BWRVIP topical reports and commented on their effectiveness in supporting
license renewal in our April 16, 2001 letter.
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- Appendix A to the Hatch application describes 17 existing programs, 5 modified
programs, and 7 new programs that SNC has implemented to manage aging effects
during the period of extended operation. The resolution of open items has resulted in
added commitments to these programs, including a one-time inspection of plant service
water piping in the diesel generator building and a one-time inspection of small-bore
butt-welded stainless steel piping. ) .

One of the added commitments resulting from resolution of open items involves periodic
testing of fire-protection system sprinkler heads that are within the scope of license -
renewal. SNC had proposed a one-time test of such sprinkler heads at or before the
start of the period of extended operation. The staff did not agree with the ohe7time test,
because the design life (50 years) of the sprinkler heads does not cover the period of

- extended operation. As recommended by the staff, SNC has committed to perform the
sprinkler head tests as specified in the National Fire Protection Association (NFPA)
Standard 25, Section 2.3.3.1, “Sprinklers.” The application of this Standard will result in
periodic testing of the sprinkler heads at 10-year intervals, with the first test taking place
during the third year of the renewal period. This program is acceptable becauseit -,
confirms the effectiveness of the periodic inspections to which the sprinkler heads are
'subjected and ensures testing of the sprinkler heads early in the renewal period. . -

- The staff requested that SNC perform a one-time inspection of the four buried ,
emergency diesel generator (EDG) fuel oil storage tanks. SNC responded by
performing visual inspections and ultrasonic testing of one of the four tanks. Ultrasonic
testing of 144 locations along the lower shell of the tank indicated that there was no
thinning of the wall. Visual inspections of the internal surface revealed very little

. corrosion.” SNC and the staff concluded that the one-time inspection demonstrated that
loss of material of the diesel fuel oil storage tanks was not an aging effect requiring .
management during the period of extended operation.

We also considered the possibility that the external coating of a tank could be damaged
at some location during installation and result in localized fuel oil leakage. Such
damage would be of concern during the current license term and, thus, would not be
specific to the period of extended operation. The safety consequences would not be
significant because the potential leakage would not cause substantial depletion of the
fuel oil inventory before it would be detected. We concur with the staff's determination
that loss of material of the diesel fuel oil storage tanks is not an aging effect requiring
management during the period of extended operation.

Jet pump assemblies and fuel supports contain cast austenitic stainless steel (CASS)
components that are within the scope of license renewal. These components may be
exposed to neutron fluence levels that would make them susceptible to neutron
.irradiation embrittlement and loss of fracture toughness. Since neutron embrittlement
becomes a concern when cracks are present in the components, the staff. requested
that SNC propose a one-time inspection of the jet pump assemblies and fuel supports to
confirm that these CASS components have not experienced cracking. . Following this
request, the staff recognized that cracking of CASS components has not been observed
to date. Furthermore, BWRVIP-41, “BWR Jet Pump Assembly Inspection and Flaw
Evaluation Guidelines,” requires inspections of jet pump assembly welds that are
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generally believed to be more susceptible to cracking than the CASS components and,
therefore; provide a leading indicator for inspection of CASS components. SNC has
committed to perform the weld inspection required by BWRVIP-41. In addition, the
BWRVIP and the NRC’s Office of Nuclear Regulatory Research plan to conduct .
confirmatory r‘esearc_hﬂt{o determine the effects of high levels of neutron fluence on BWR
internals. SNC has committed to implement any requirements resulting from this
research. Given the above, the staff concluded that the requested one-time inspection

is not warranted at this time. We agree with the staff's conclusion.

Time-limited aging analyses (TLAA) have shown that neutron irradiation embrittlement
during the extended period of operation will have no significant impact on the integrity of
the Hatch reactor vessels. At the end of the renewal period, the vessels will still have
margin over applicable regulatory limits. In order to monitor time-dependent parameters
used in the TLAA, SNC plans to implement the provisions of the integrated surveillance
program (ISP) described in BWRVIP-78, BWR integrated surveillance program plan,
and BWRVIP-86, BWR integrated surveillance program implementation plan. Since
these topical reports have not yet been approved by the staff, SNC committed to.
implement either a staff-approved ISP of a plant-specific program that meets specific
staff requirements on periodic removal of capsules to monitor neutron fluence and the
impact of irradiation on the reactor vessels. SNC committed to provide the staff with
program details prior to the period of extended operation. The staff made this commit-
ment a license condition. :

The staft has performed a comp}ehensiye review of SNC’s application. The applicant
and the staff have identified plausible aging effects associated with passive and long-
lived components. Adequate programs have been established to manage the effects of
aging so that Hatch, Units 1 and 2, can be operated safely in accordance with their
current licensing bases for the period of extended operation.

Cap &

Ceorge E. Apostolakis
Chairman

Sincerely,

References:

1. U.S. Nuclear Regulatory Commission, “Safety Evaluation Report Related to the
License Renewal of the Edwin I. Hatch Nuclear Plant, Units 1 and 2,” issued
October 2001. . S

2. U. S. Nuclear Regulatory Commission, “Safety Evaluation Report Related to the
License Renewal of the Edwin I. Hatch Nuclear Plant, Units 1 and 2," issued
February 2001. A | , -

3. Letter dated February 29, 2000, from H. L. Sumner, SNC, to the U.S. Nuclear
Regulatory Commission, “Edwin 1. Hatch Nuclear Plant Application for Renewed
Operating Licenses.” L

4. Letter dated April 16, 2001, from George E. Apostolakis, Chairman ACRS, to
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William D. Travers, Executive Director for Operations, NRC, Subject: Interim

Letter Related to the License Renewal of Edwin 1. Hatch Nuclear Station, Units 1
and 2.

Topical Report BWRVIP-41, “BWR Jet Pump Assembly Inspection and Flaw
Evaluation Guidelines,” October 1997.
Topical Report BWRVIP-78, “BWR Integrated Surveillance Program -

Unirradiated Charpy Reference Curves for Surveillance Material,” December
1999.

Topical Report BWRVIP-86, “BWR Vessel and Internals Project, BWR
Integrated Surveillance Program Implementation Plan.”

183



\ UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

years December 10, 2001
MEMORANDUM TO: William D. Travers

Executive %ﬁ
FROM: John T. Larkins),/ Xe e Director
Advisory Committee on Reactor Safeguards

SUBJECT: FINAL PART 20 RULEMAKING ON REVISION OF THE SKIN
DOSE LIMIT

During the 488™ meeting of the Advisory Committee on Reactor Safeguards,
December 5-7, 2001, the Committee considered the draft fina! rule on skin dose limit and
decided not to review it. The Committee has no objection to issuing the final rule for industry
use.

Reference:

Memorandum dated November 6, 2001, from D. B. Matthews, NRR, to John T. Larkins,
Executive Director, ACRS, Subject: Request for Review of Final Part 20 Rulemaking on
Revision of the Skin Dose Limit.

cc: A. Vietti-Cook, SECY
J. Craig, EDO
l. Schoenfeld, EDO
8. Collins, NRR
B. Sheron, NRR
D. Matthews, NRR
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MEMORANDUM TO:

FROM:

SUBJECT:

UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

December 10, 2001

William D. Travers

Executive W

John T. Larkins, ecu{ Irector
Advisory Committee on Reactor Safeguards

PROPOSED CLOSEOUT OF GENERIC SAFETY ISSUE-172,
“MULTIPLE SYSTEM RESPONSES PROGRAM”

During the 488™ meeting of the Advisory Committee on Reactor Safeguards, December

5-7, 2001, the Committee considered the staff’s proposed closeout of Generic Safety Issue

(GSI1)-172 and decided not to review it. The Committee has no objection to the staff's proposal

to closeout GSI-172.

Reference:

Memorandum dated November 30, 2001, from Scott F. Newberry , RES, to John T. Larkins,
ACRS, Subject: Proposed Closeout of Generic Safety Issue-172, “Multiple System Responses

Program”

cc: A. Vietti-Cook, SECY
J. Craig, OEDO
l. Schoenfeld, OEDO
S. Collins, NRR
A. Thadani, RES
J. Ridgley, RES
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

December 12, 2001

ears

. The Honorable Richard A. Meserve
Chairman . ’

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Dear Chairman Meserve: ' L

SUBJECT:  CORE POWER URRATES FOR DRESDEN NUCLEAR POWER STATION,
~ UNITS 2 AND 3 AND QUAD CITIES NUCLEAR POWER STATION, ‘
UNITS 1AND 2 , ‘

During the 488" meeting of the Advisory Committee on Reactor Safeguards, December 5-7,
2001, we completed our review of the Exelon Generation Company (Exelon) license
amendment requests for increases in core thermal power for the Dresden Nuclear Power
Station, Units 2 and 3, and the Quad Cities Nuclear Power Station, Units 1 and 2, pursuant to
the General Electric (GE) Nuclear Energy Extended Power Uprate Program. We had
previously discussed this matter with representatives of the NRC staff and Exelon during our
487" meeting on November 7-9, 2001. Our Subcommittee on Thermal-Hydraulic Phenomena
reviewed this matter during a meeting held on October 25-26, 2001. During our review, we had
the benefit of the documents referenced.

‘RECOMMENDATION

We agree with the staff's recommendation that the Commission should issue license ~
amendments that will permit increases in the licensed power levels of the Dresden and Quad
Cities Nuclear Power Plants by 17% and 17.8%, respectively. )

4

DISCUSSION

Exelon has requested amendments to the operating licenses of the Dresden Nuclear Power
Station, Units 2 and 3, and the Quad Cities Nuclear Power Station, Units 1 and 2, for an
increase in the operating power limits. Presently, the power limits are 2527 MW for the ,
Dresden Units and 2511 MWt for the Quad Cities Units. All four units would be uprated to 2957
MW?, which represents uprates of 17% and 17.8%, respectively. These four units employ the
GE boiling water reactor (BWR/3) nuclear steam supply system and the Mark | containment
design. o ' ’

Exelon used the NRC-approved GE generic methodology (ELTR-1 and ELTR-2) for analyzing
extended power uprates (EPUs). Precedents for EPU applications using these methods have
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been set by the Monticello (1998), Hatch (1998), and Duane Arnold (2001) nuclear power plant
licensees. These uprate requests were approved by the Commission. These precedents have
guided Exelon and the staff in the preparation and review of the current EPU applications.

The uprate applications for Dresden and Quad Cities are nearly identical, and are similar in
concept to that for Duane Arnold. The increased power is achieved by use of a new fuel
design; a sophisticated fuel management scheme is used to ensure that all regulatory limits for
fuel behavior continue to be met. Both feedwater flow and steam flow rates are increased, but
the dome pressure and overall core flow remain unchanged. The increased steam and
feedwater flow rates require modifications to the steam dryers and the use of all feedwater and
condensate pumps. Because the pressure and temperatures and the overall water inventory in
the primary coolant system remain essentially unchanged, effects of the EPUs on design-basis
accidents are relatively minor. There are slight increases in risk due primarily to the increased
decay heat to be removed in loss-of-coolant accidents and to the shortened available time for
operator action during events such as anticipated transients without scram.

The staff has determined that the proposed EPUs meet all regulatory criteria, and that the
licensee has used approved predictive methods. In addition, the important materials
degradation issues have been identified and adequate management programs are in place to
monitor potential increases in degradation rates.

The GE Topical Report, ELTR-1, that supports the EPUs (Reference 6) includes the .
requirement that certain large transient tests be performed to confirm the effectiveness of the
implemented plant modifications. GE has since reached the conclusion that these tests are not
necessary for power uprates in which reactor steam dome pressure is not changed. The staff
agrees with this conclusion for the Dresden and Quad Cities applications. Technical arguments
to support this decision are documented in the Safety Evaluation (SE). We concur with the
statf’s conclusion for these plants.

In our report on the Duane Arnold Energy Center power uprate, we expressed concerns about
the adequacy of the documentation of the staff’s review, as reflected in its SE. We noted that
many of the challenges that we encountered in that review would have been eased if the staff
had provided more details concerning its review and the criteria used to reach conclusions in
the SE. We have similar concerns about the Dresden and Quad Cities SEs. Frequently, the
licensee’s analysis is just summarized and the results of the staff's evaluation are represented
by a statement that the analysis is “acceptable.” These summary statements do not reflect the
substantial effort that went into the staff’s review, including audits conducted onsite and at
vendor facilities. The depth of the review became more apparent during meetings at which the
staff presented more details and responded to our questions. The staff’s responses have given
us sufficient assurance that an appropriate technical review has been performed and that the
staff’s conclusions are valid. Upgrading the SEs to better reflect the depth and breadth of the
staff's engineering evaluations would provide the public a better sense of these activities and
engender more confidence in the work of the NRC. )

Although the depth and breadth of the staff’s review of these uprates has been adequate,
development of a Standard Review Plan Section would help ensure an adequate review of
future power uprate applications. It would also clarify to both the public and licensees what is
required for an application for power uprate to be found acceptable.
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Dr. F. Peter Ford did not participate in the Committee’s deliberations regarding this matter.
Additional comments by ACRS Member Stephen L. Rosen are provided below.

Sincerely,

Cop 6804

George E. Apostolakis
Chairman

Additional Comments by ACRS Member Stephen L. Rosen

I concur with my colleagues that the reques‘ted EPU should be granted. However, | have the
following additional comments. :

The staff has accepted the applicant’s arguments that it is unnecessary to conduct tests of the
units’ capability to successfully respond to a generator load rejection or a main steam isolation
valve closure demand at the higher steam flows at EPU conditions. The applicant maintains
that these tests were part of the units’ initial startup testing and need not be repeated at EPU
conditions. o

The applicant’s justification for this position includes the fact that reactor pressure is unchanged
by the planned EPU and that unnecessary plant transients should be avoided. They also argue
that no new plant equipment will be installed that could affect the units’ demonstrated capability
to respond to a generator load rejection or a main steam isolation valve closure demand.

The staff has also accepted the applicant's arguments that it is unnecessary to conduct integral
testing of the new recirculation “run back” system. In this case, although new equipment will be
added to the plant to rapidly reduce recirculation flow and reactor power to match feedwater
flow in the event of a main feedwater or condensate pump trip, the applicant argues that
overlapped simulated logic functional tests are sufficient. :

The applicant’s justification for this position is that a reactor scram will occur if “run back” is |
unsuccessful after a sudden feedwater flow reduction.

Generator load rejections, main steam isolation valve closure demands, and main feedwater or
condensate pump trips are Anticipated Operational Occurrences with expected frequencies in
the range of 1 per 1-10 years. .In granting the applicant’s EPU request without requiring
performance of integral testing, the staff has relied on the applicant’s “well established quality
assurance programs including component and system level post-modification testing.”

Since integral tests of the plants’ response can reveal otherwise undetected latent flaws, these
tests should be conducted to confirm that these programs have achieved the desired resuit.

191



4

I am not convinced by the applicant’s arguments and the staff's conclusion that integral tests
are not necessary. | believe approval of the EPU application should be conditioned on the
successful completion of these tests shortly after reaching EPU conditions.

References:

1.

10.

11.

Memorandum dated October 10, 2001, to John T. Larkins, ACRS, from J. Zwolinski,
Office of Nuclear Reactor Regulation, NRC, Subject: Drat Safety Evaluation for
Dresden Nuclear Power Station, Units 2 and 3, and Quad Cities Nuclear Power Station,
Units 1 and 2, Extended Power Uprate (draft Predecisional report).

Draft Safety Evaluation by the Office of Nuclear Reactor Regulation Related to Facility
Operating License No. DPR-25, Exelon Generation Company, LLC, Dresden Nuclear
Power Station, Units 2 and 3, received December 7, 2001.

GE Topical Report, NEDC-32962P, “Safety Analysis Report for Dresden 2 & 3 Extended
Power Uprate,” dated December 2000 (Proprietary). o

GE Topical Report, NEDC-32961P, “Safety Analysis Report for Quad Cities 1 & 2
Extended Power Uprate,” dated December 2000 (Proprietary).

Letter dated December 27, 2000, from Commonwealth Edison Company, to U.S. NRC,
Subject, Request for License Amendment for Power Uprate Operation.

GE Nuclear Energy, Topical Report, NEDC-32424P-A, “Generic Guidelines for General
Electric Boiling Water Reactor Extended Power Uprate,” (ELTR-1) February 1999
(Proprietary). ‘

GE Nuclear Energy, Topical Report, NEDC-32523P-A, “Generic Evaluations of General
Electric Boiling Water Reactor Extended Power Uprate,” (ELTR-2) February 2000
(Proprietary). . . - ) ‘

GE Nuclear Energy, Topical Report, NEDC-32523P-A, Supp 1, Volume 1, “Generic .
Evaluations of General Electric Boiling Water Reactor Extended Power Uprate -
Supplement 1, Volume I,” February 1999, and Volume II, April 1999 (ELTR-2)
(Proprietary).

Exelon Generation Company Memorandums: Response to Requests for Additional
Information Supporting License Amendment Requests to Permit Uprated Power
Operation, Dresden Nuclear Power Station and Quad Cities Nuclear Power Station,
dated August 9, August 14, August 31, August 31, September 5, September 5,
September 14, September 19, September 25, September 26, September 27 (contains
proprietary information), and September 27, 2001.

Exelon Generation Company Memorandums: Response to Requests for Additional .
Information Supporting License Amendment Requests to Permit Uprated Power
Operation, Dresden Nuclear Power Station and Quad Cities Nuclear Power Station,
dated August 8 (contains proprietary information), August 13 (contains proprietary
information), August 13, August 14, and August 29, 2001.

Memorandum dated December 3, 2001, from P. Boehnert, ACRS, to ACRS Members
Subject: Dresden/Quad Cities Power Uprate - Exelon Response to ACRS
Questions/Additional Information Regarding NRC Review of PRA.

2
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

December 12, 2001

Dr. William D. Travers

- Executive Director for Operations

- U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

- SUBJECT: PROPOSED RULEMAKING FOR RISK-INFORMED hEVISiONS TO
* 10 CFR 50.44, “STANDARDS FOR COMBUSTIBLE GAS CONTROL
SYSTEM IN LIGHT-WATER-COOLED POWER REACTORS”

. Dear Dr. Travers:

During the 488™ meeting of the Advisory Committee on Reactor Safeguards, December 5-7,
2001, we held discussions with representatives of the NRC staff concerning the proposed
rulemaking for risk-informed revisions to 10 CFR 50.44, “Standards for Combustible Gas
Control System in Light-Water-Cooled Power Reactors.” We also had the benefit of the
documents referenced.

CONCLUSION AND RECOMMENDATION

1. The proposed rulemaking for risk-informed revisions to 10 CFR 50.44 will provide more
effective and efficient regulation to deal with combustible gases in containments.

2. “The proposed specification for the combustible gas source term for boiling water reactor
(BWR) Mark Iil and pressurized water reactor (PWR) ice condenser containments -
should be included in the draft regulatory guide (DG-1117) instead of being incorporated
directly in the rule. o L T ,

DISCUSSION

The severe accident research programs sponsored by the NRC during the 1980s and 1990s,

. thestudies of severe accident risk (NUREG-1150), and the insights derived from Individual
Plant Examinations (NUREG-1560) have led to an improved understanding of the behavior of
combustible gas during reactor accidents. The staff provided a useful summary of the risk

.significance of combustible gases in Attachment 2 to SECY-00-0198, which we commented on
in our report dated September 13, 2000. The severe accident studies have shown that contro!
of combustible gases during design-basis accidents does not have significant impact on risk,
but that controls are needed for beyond-design-basis accidents for some containment designs.

The proposed rule changes incorporate insights obtained from past NRC efforts. They
retain requirements for high-point vents and for ensuring a mixed-containment atmosphere,
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inerting BWR Mark | and Mark |1 containments, and providing hydrogen control systems for
Mark lif and ice condenser containments. The proposed rule eliminates the design-basis loss-
of-coolant accident hydrogen release and requirements for systems to mitigate such a release.
it retains the requirement to monitor hydrogen in the containment atmosphere for all
containment designs, but monitors are no longer classified as safety-related components. Also,
the proposed rule would codify the existing regulatory practice of monitoring oxygen
concentrations in containments with inerted atmospheres. In addition, the proposed rule
includes a number of options offering performance-based and prescriptive alternatives.

In SECY-D0-0188, the staff proposed to develop combustible gas source terms appropriate for
different containment types and accident scenarios. In the proposed rule, the staff has chosen
instead to continue the use of a prescriptive requirement for a source term equivalent to the
hydrogen generated from metal-water reactions involving 75% of the fuel cladding surrounding
the active fuel region. Because of the ongoing investigation of combustible gas source terms in
support of resolution of Generic Safety Issue-189 on the potential need for regulatory
enhancement to deal with station blackout sequence issues for BWR Mark Ill and PWR ice
condenser containments, it is preferable not to prescribe the source term in the rule. A
combustible gas source term should be included in the associated regulatory guide (DG-1117).

We would like to review the proposed final rule after reconciliation of public comments.

Sincerely,

(Cop- —

George E. Apostolakis
Chairman

References:

1. Memorandum dated November 20, 2001, from David B. Matthews, Office of Nuclear
Reactor Regulation, to John T. Larkins, Executive Director, Advisory Committee on Reactor
Safeguards, Subject: Request for Review of Proposed Part 50 Rulemaking on Risk-
Informed Revision of Combustible Gas Control (Predecisional)

2. Report dated September 13, 2000, from Dana A. Powers, Chairman, Advisory Committee
on Reactor Safeguards, to Richard A. Meserve, Chairman, NRC, Subject: Proposed Risk-
Informed Revisions to 10 CFR 50.44, “Standards for Combustible Gas Control System in
Light-Water-Cooled Power Reactors.” L

3. U.S. Nuclear Regulatory Commission, NUREG-1150, Vols. 1-3, “Severe Accident Risks: An
Assessment for Five U.S. Nuclear Power Plants,” December 1990;

4. U.S. Nuclear Regulatory Commission, NUREG-1560, Vols. 1-6, “Individual Plant
Examination Program: Perspectives on Reactor Safety and Plant Performance,” December
1997. ) . DU F

5. Memorandum dated‘Jénuary 19, 2001, from Anette L. Vietti-Cook, Secretary, to William D.
Travers, Executive Director for Operations, NRC, Subject: Staff Requirements - SECY-00-
0198 - Status Report on Study of Risk-Informed Changes to the Technical Requirements of
10 CFR Part 50 (Option 3) and Recommendations on Risk-Informed Changes to 10 CFR
50.44 (Combustible Gas, Control). -
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6. Memorandum dated September 14, 2000, from William D. Travers, Executive Director for
Operations, NRC, to The Commissioners, Subject: SECY-00-0198, “Status Report on Study
of Risk-Informed Changes to the Technical Requirements of 10 CFR Part 50 (Option 3) and
Recommended Changes to 10 CFR 50.44 (Combustible Gas Control).”

7. Memorandum dated November 16, 2001, from Thomas L. King to Ashok C. Thadani, Office
of Nuclear Regulatory Research, NRC, Subject: Generic Issue Management Control
System Report -- Fourth Quarter FY 2001; Generic Safety Issue 189, “Susceptibility of Ice
Condenser Containments to Early Failure from Hydrogen Combustion During a Severe
Accident,” identified May 2001.

195



_ UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS )
' WASHINGTON, D.C. 20555-0001

December 14, 2001

JEdars

Dr. William D. Travers

- Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Dear Dr. Travers:

SUBJECT: PROPOSED STEAM GENERATOR PROGRAM GUIDELINES AND
- ASSOCIATED GENERIC LICENSE CHANGE PACKAGE

During the 488" meeting of the Advisory Committee on Reactor Safeguards, December 5-7,

.. 2001; we reviewed the latest revision to Nuclear Energy Institute document, “Steam ‘Generator
Program Guidelines” (NEI 97-06), and the associated Steam Generator Program Generic
License Change Package. Our Materials and Metallurgy Subcommittee reviewed these
documents on November 29, 2001. During our reviews, we had the benéfit of discussions with
representatives of the staff and NEI. We also had the benefit of the documents referenced.

CONCLUSIONS
1. NEI 87-06 and the related Generic License Change Package describe a steam _
+ - . 7" generator tube management program that is fiexible enough to accommodate evolvin

technical knowledge and could provide an enforceable regulatory framework. ..
2. We concur with the staff's conclusion that thére is a need for additional technical
' justification to support the industry’s proposal to extend the inspection intervals for Alloy
600TT and 690TT tubing beyond that currently permitted by regulations. _
BACKGROUND ' SN T

- +

In the early 1990s, the regulations required licensees to repair steam generator tubes having
flaws deeper than 40 percent through-wall.” Since the nondestructive examination (NDE)
methods were unable to characterize the dimensions of a crack with sufficient ;accuracy and
* reproducibility, licensees repaired tubes with'identified cracks. In 1995, the staff issued Generic
. Letter 95-05, which, in certain specific situations, allowed Steam generator tubes with cracks'to
remain in service, in part, on the'basis of data from voltage-based NDE methodologies.

N
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Since that time, the staff and NEI have worked to develop a }egulatory framework to ensure
steam generator tube integrity. The staff considered developing a rule, but it failed to pass the
regulatory analysis test.

In 1997, affected licensees committed to follow NEI 97-08 that defined performance criteria for
structural integrity and leakage under accident and normal operating conditions. These criteria
were implemented by tube integrity assessment guidelines defined in a series of evolving
Electric Power Research Institute (EPRI) reports. In addition, NEI proposed an industry Steam
Generator Program Generic License Change Package, which provided templates for licensees
to amend plant-specific technical specifications.

The staff and NEI are now in general agreement concerning the content of NEl 97-06 and the
degree of regulatory control offered by the Generic License Change Package. Of particular
note is the fact that the program is adaptable and that the supporting technology is evolving.
Investigations sponsored by the industry and the NRC staff are ongoing.

DISCUSSION

Our discussiéns with the staff and NEI addressed wide-ranging technical issues, including the
following:

. Effectiveness of performance criteria for structural intégrity and leakage rates in light of
NDE uncertainties "

. Qualification of NDE processes
. Adequacy of burst and Iéakége models
. Adequacy of the data to justify proposed inspection and condition monitoring intervals

An unresolved technical issue is the appropriate length of inspection intervals. The NE! position
on inspection intervals is contained in draft revision 6 of the EPRI document, “PWR Steam
Generator Examination Guidelines,” in which NEI proposes that the intervals for Alloy 600TT
and 690TT tubing be extended beyond the interval permitted by current regulations.” Although
the domestic operating experience justifies increasing the inspection intervals for these alloys,
there have been reported incidents of cracking of Alloy 600TT tubes in foreign plants. These
identified cracks have been discounted by industry due to different construction and operating
conditions. However, there were no controlled data presented to explain the validity of this
position and whether the differences in stress, environment, or material conditions, which
govern cracking susceptibility, are sufficient to ensure an adequate resistance in domestic
plants. There is a need to review the relevant global operating and laboratory databases.

. The steam generator ’r’nanage‘men,t program was originally intended to be primarily performance
. based. If the Generic License Change Package is approved, a greater degree of performance-
" based capability will have been achieved. Full implementation of a performance-based
approach for determining plant-specific inspection intervals will depend on evolving
developments in inspection techniques, and quantification of the stochastic aspects of stress
corrosion cracking.
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Dr. William J. Shack did not participate in the Committee’s deliberations regarding this matter.

Sincerely,

(g & _

George E. Apostolakis
Chairman

References: -

1.

Letter dated February 7, 2001, from David Modeen, Nuclear Energy Institute (NED, to
Samuel J. Coliins, Office of Nuclear Reactor Regulation (NRR), NRC, Subject: NEI 87-
08, “Steam Generator Program Guidelines,” Revision 1.

Letter dated December 11, 2000, from David Modeen, NEI, to Samuel J. Collins, NRR,
Subject: Revised Industry Steam Generator Program Generic License Change
Package.

Memorandum dated September 18, 2001 , from Edmund J. Sullivan, Division of
Engineering, NRR, to William Bateman, Division of Engineering, NRR, Subject: NRC
Staff Comments on Steam Generator Inspection Intervals.

Memorandum dated September 21, 2001, from Maitri Banerjee, Division of Licensing
Project Management, NRR, to Edmund J. Sullivan, Division of Engineering, NRR,
Subject: “Summary of August 29, 2001, Public Meeting With the Nuclear Energy
Institute Regarding NEI 97-06.”

U. S. Nuclear Regulatory Commission Generic Letter 85-05 - Voltage-Based Repair
Criteria for Westinghouse Steam Generator Tubes Affected by Outside Diameter Stress
Corrosion Cracking, August 3, 1995.

Letter dated May 15, 1995, from T. S. Kress, Chairman, ACRS, to James M. Taylor,
Executive Director for Operations, NRC, Subject: Proposed Final Generic Letter 95-XX,
“Voltage-Based Repair Criteria for Westinghouse Steam Generator Tubes.”
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

December 14, 2001

Jears

MEMORANDUM TO: William D. Travers

Executive DW
FROM: John T, Larkins),/ e e Director
Advisory Committee on Reactor Safeguards

SUBJECT: PROPOSED RULEMAKING ON SUBMISSION OF FINANCIAL
INFORMATION REQUIREMENTS FOR APPLICATIONS TO
RENEW OR EXTEND THE TERM OF AN OPERATING LICENSE
FOR POWER REACTORS (10 CFR §50.33(f)(2))

During the 488" meeting of the Advisory Committee on Reactor Safeguards, December
5-7, 2001, the Committee considered the proposed rulemaking and decided not to review it.

The Committee has no objections to issuing this proposed rule for public comment.

Reference:

Memorandum dated November 15, 2001, from David B. Matthews, Office of Nuclear Reactor
Regulation, to John T. Larkins, Executive Director, Advisory Committee on Reactor Safeguards
SUBJECT: Request for Review of Proposed Rule Part 50 Rulemaking on Submission of

Financial Information Requirements for Applications to Renew or Extend the Term of an
Operating License for Power Reactors.

cc: A. Vietti-Cook, SECY
J. Craig, OEDO
I. Schoenfeld, OEDO
S. Collins, NRR
D. Matthews, NRR
C. Carpenter, NRR
M. Malloy, NRR
G. Mencinsky, NRR
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