ASME VYVUQ 30.1-2024

Scaling Methodologies
for Nuclear Power
Systems Responses

AN AMERICAN NATIONAL STANDARD

%z@ The American Society of

® Mechanical Engineers



https://www.stdhive.com/standards/asme-vvuq-301-2024-pdf/

ASME VVUQ 30.1-2024

Scaling Methodologies
for Nuclear Power
Systems Responses

AN AMERICAN NATIONAL STANDARD

@?A@ The American Society of

® Mechanical Engineers Two Park Avenue * New York, NY ¢ 10016 USA


https://www.stdhive.com/standards/asme-vvuq-301-2024-pdf/

Date of Issuance: June 28, 2024

This Standard will be revised when the Society approves the issuance of a new edition.

This code or standard was developed under procedures accredited as meeting the criteria for American National Standards. The
standards committee that approved the code or standard was balanced to ensure that individuals from competent and
concerned interests had an opportunity to participate. The proposed code or standard was made available for public
review and comment, which provided an opportunity for additional public input from industry, academia, regulatory agencie_;
and the public-at-large.

»u » o«

ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity. ASME a.es 1ot
take any position with respect to the validity of any patent rights asserted in connection with any items-mention.d in this
document, and does not undertake to insure anyone utilizing a standard against liability for infringement f ar.: = pplicable
letters patent, nor does ASME assume any such liability. Users of a code or standard are expressly advised that de *ermination of
the validity of any such patent rights, and the risk of infringement of such rights, is entirely their ov n responsibility.

Participation by federal agency representatives or persons affiliated with industry is not to be inte. 2retec as government or
industry endorsement of this code or standard.

ASME accepts responsibility for only those interpretations of this document issued in acco. 1an e with the established ASME
procedures and policies, which precludes the issuance of interpretations by indivic'uals.

The endnotes and preamble in this document (if any) are part of this Amerizza N.tional Standard.

ASME Collective Membership Mark

All rights reserved. “ASME” an< the above ASME symbol are registered trademarks of The American Society of Mechanical Engineers. No part
of thisdocument may be cc ~ied, inodified, distributed, published, displayed, or otherwise reproduced in any form or by any means, electronic,
digital, or mechanical, i\ "w xaown or hereafter invented, without the express written permission of ASME. No works derived from this
documentorany <ontentti.erein may be created without the express written permission of ASME. Using this document or any content therein
to train, create, or ‘'mprove any artificial intelligence and/or machine learning platform, system, application, model, or algorithm is strictly
prohibited.

The American Society of Mechanical Engineers
Two Park Avenue, New York, NY 10016-5990

Copyright © 2024 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS


https://www.stdhive.com/standards/asme-vvuq-301-2024-pdf/

CONTENTS

2000 )

Committee ROSTEr . . v vt i i i i i et e e e

Correspondence With the VVUQ Committee . .. ... v ittt ittt ittt it ittt e e e en e
Purpose, Scope, Introduction, and Nomenclature . .......................¢...
Creation of the Adequacy Matrix and Validation Matrix Using Scaled Experi nei.*al

Facilities . . ... ... i i e s e e

3 Scaling History and Types . . . . . .t ottt ittt ittt ittt s et et ineeeensn

4 Overview and Comparison of H2TS and FSA System Decomposition an. H erarchy .

5 Concept of Time-Scale Modeling — Dimensionless Groups in Terms ¢° Tim @ Ratios . .

Mandatory Appendix

I References .........coviiiiii .. L

Nonmandatory Appendix

A Examples of Equations and Dimensionless Grouy s Us»d 1ur Scaling Analysis .. ..........
Figures
1.3-1 Determination of Model Adequacy . . . ..o vt ittt ittt it et e e
2-1 Process for Creating Assessment Base tir Licznsing Purposes: Flowchart . . ............
3.2-1 Comparison of Elongated Represe..*aiions of Volumes in LOFT and Semiscale Mod-2A Test
Facilities . . v oottt i e e e e e e e
4-1 System Decomposition and Hie. >»Zny for Processes Applied in H2TS . ................
4-2 Four Stages of H2TS . . o v ittt ittt it e ettt et s et e et et e teeneenens
5.2-1 Subvolumes, V;, and contro. Volume, Voo . oottt ittt i it i e i ettt ettt e e e i
53.2-1 Changes of System atr.x for FSA During the Duration of NPP Transient . . ............
A-1.1-1 Control Volume, “ransfer Area, Surface and Volume Effects, and State Variable . .........
A-3-1 PWR Vessc  Pre 'sure Responses for Various Test Facilities in Dimensional Form . .. ... ..
A-3-2 PWR Vessel }.essure Responses for Various Test Facilities in Dimensionless Form . ... ...
A-5.2-1 Dir: 2nsicnless Temperature and Its Relationship to Biot Number and the Decay Fractional
Chonge MetriC « v v vt ittt i i i it i it it ittt e i
A-5.2-2 Noriaalized PCT for 0.015 < Ilg; < 0.03 . o ot it ittt ittt ittt ettt en e e
Tecvles
S-1a01 Examples of Derivations of H2TS Dimensionless Groups (Time Ratios) ................
A-2-1 State Variables, Agents of Change, FRCs, and Fractional Changes (Effect Metrics) .........
A-3-1 Definition of Dimensionless Agents of Change and Fractional Rates of Change for Pressure
Response Equation . ... ..ottt i i i i i i i e e e
A-4-1 Definition of Dimensionless Agents of Change and Fractional Rates of Change for Void Fractions

Equation . ... ot e e i e e e e

il

vi

10
14

20

22

11
12
13
16
19
23
29
29

36
37

23
26

28

31


https://www.stdhive.com/standards/asme-vvuq-301-2024-pdf/

A-5.1-1

Definition of Fractional Rates of Change and Fractional Change Metric for Peak Cladding
Temperature Equation . ... ... ..t i e i e e e

34


https://www.stdhive.com/standards/asme-vvuq-301-2024-pdf/

FOREWORD

The ASME Codes and Standards Committee for verification, validation, and uncertainty quantification in computationa’
modeling and simulation (VVUQ Committee) is responsible for coordinating, promoting, and fostering the development ¢ ©
standards that provide procedures for verification, validation, and uncertainty quantification of computational moa :ls
and simulations. One of the subcommittees of the VVUQ Committee is the VVUQ 30 Subcommittee, which is focused =1
verification, validation, and uncertainty quantification in computational simulation of nuclear system.the. mal fluids
behavior. The VVUQ 30 Subcommittee’s charter is to provide the practices and procedures for verification a. 4 va'idation
of software used to calculate nuclear system thermal fluids behavior. While a single model may have many “1se., complex
systems such as nuclear power plants require a collection of multiple models to be adequately i »rre.ent:d. Thus, the
focus of the VVUQ 30 Subcommittee is not on a single model, but a specific collection of couple.. moaels (CCM).

Historically, one of the most challenging aspects of determining the credibility of the softwai=" has been ensuring that
the validation is applicable to the particular scenario in the real-world system. Many featu=es i1cluding size, operating
conditions, and a heating source from fission often make it infeasible to obtain prototypicai »xper. nental data for nuclear
system thermal fluid behavior. Due to cost and safety reasons, experimental facilities «.=e us cally scaled down from the
real-world plant. Thus, performing validation based on such facilities has the adctisnc’ cowiplexity (and task) of needing
to ensure that the results from validation are applicable to the real-world system. ACME 'VUQ 1 defines “applicability” as
the relevance of the evidence from the verification, validation, and uncertainty quantii.cation activities to support the use
of the computational model for a context of use. However, this is a relat'vi v new definition. In the nuclear industry,
applicability, specifically as it relates to ensuring the experimental data i~.elev xnt with respect to the behavior of the real-
world system, has been called scaling analysis. Scaling has been « ma or fc cus in the nuclear industry almost since its
inception and has major ramifications in determining if the ccmpu*ativnal models used to simulate nuclear system
thermal fluids behavior can be useful or useless. One of the cha.'enges in obtaining appropriate experimental data
for nuclear reactor systems is ensuring that the experiment ‘ontzins the appropriate physical behavior. Such behavior
is often directly impacted by pressures and temperatures, heat .. zaes, local geometries (e.g, lengths, areas, volumes), and
local fluid properties. However, it is impossible to perform an experiment where all factors can be maintained exactly as
would be found in a real-world nuclear reactor.

This Standard, in its first edition, is intended to nravice practices and procedures for scaling analysis methodologies.
Future revisions will be published as necessary

Following approval by the ASME VVU( Sta. .arr.s Committee, ASME VVUQ 30.1-2024 was approved by the American
National Standards Institute on June 17, 2024.

*In many other engineering communities, “software” is often used to refer to generic packages, such as commercial off-the-shelf programs, and a
specific collection of coupled models used to simulate a specific system would still be considered a model. However, the term “software” is used here to
mean the specific collection of couple models (CCM) in order to distinguish between the entire collection of models and a specific model (SM), providinga
solution based on geometric configurations and initial and boundary conditions.
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CORRESPONDENCE WITH THE VVUQ COMMITTEE

General. ASME codes and standards are developed and maintained by committees with the intent to represent the
consensus of concerned interests. Users of ASME codes and standards may correspond with the committees to propos:
revisions or cases, report errata, or request interpretations. Correspondence for this Standard should be sent to the suaff
secretary noted on the committee’s web page, accessible at https://go.asme.org/VnVcommittee.

Revisions and Errata. The committee processes revisions to this Standard on a periodic basis to incorpurate ~hanges
that appear necessary or desirable as demonstrated by the experience gained from the application ¢ the Standard.
Approved revisions will be published in the next edition of the Standard.

In addition, the committee may post errata on the committee web page. Errata become effective on t..¢ date posted.
Users can register on the committee web page to receive e-mail notifications of posted errata.

This Standard is always open for comment, and the committee welcomes proposals for ruvisions. Such proposals
should be as specific as possible, citing the paragraph number, the proposed wording, ar:d a ac* iled description of the
reasons for the proposal, including any pertinent background information and supportin © doc umentation.

Cases
(a) The most common applications for cases are
(1) to permit early implementation of a revision based on an urg nt 1eed
(2) to provide alternative requirements
(3) to allow users to gain experience with alternative or potenti: ( additivnal requirements prior to incorporation
directly into the Standard
(4) to permit the use of a new material or process
(b) Users are cautioned that not all jurisdictions or owners auton, tically accept cases. Cases are not to be considered
as approving, recommending, certifying, or endorsing any pi ~ori ‘tary or specific design, or as limiting in any way the
freedom of manufacturers, constructors, or owners to choose any method of design or any form of construction that
conforms to the Standard.
(c) Aproposed case shall be written asa question 1.4 eply in the same format as existing cases. The proposal shall also
include the following information:
(1) a statement of need and backgrour d ‘aformation
(2) the urgency of the case (e.g., the casc.muncerns a project that is underway or imminent)
(3) the Standard and the paragrap ), fiyire, or table number
(4) the editions of the Standara 2.\ ’hich the proposed case applies
(d) A case is effective for use w1e’. the public review process has been completed and it is approved by the cognizant
supervisory board. Approved case.~.e posted on the committee web page.

Interpretations. Upon req 'es,, the committee will issue an interpretation of any requirement of this Standard. An
interpretation can be issu>d ~nly in response to a request submitted through the online Inquiry Submittal Form at
https://go.asme.o=z/Interp -etationRequest. Upon submitting the form, the inquirer will receive an automatic
e-mail confirmin, recciot.

ASME does n.tac. as a consultant for specific engineering problems or for the general application or understanding of
the Standard requ'rements. If, based on the information submitted, it is the opinion of the committee that the inquirer
should seek assistance, the request will be returned with the recommendation that such assistance be obtained. Inquirers
can uAck u: status of their requests at https://go.asme.org/Interpretations.

"SML »roc :dures provide for reconsideration of any interpretation when or if additional information that might affect
on incerpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
con.mittee or subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary
w2vice, or activity.

Interpretations are published in the ASME Interpretations Database at https://go.asme.org/Interpretations as they are
issued.
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ASME VVUQ 30.1-2024

SCALING METHODOLOGIES FOR
NUCLEAR POWER SYSTEMS RESPONSES

1 PURPOSE, SCOPE, INTRODUCTION, AND NOMENCLATURE

1.1 Purpose

When determining the credibility of a model, a key question is what the accuracy of the compute:ior al m. del is for the
real-world conditions where the system will operate. This accuracy is called predicative capability . nd 1. ~iten based on
the model validation. To estimate the model’s predictive capability, first the error of the model needs *o be determined
under conditions where empirical data is available. This is referred to as the validation error. Dften, based on the simi-
larity of the test facilities and real-world systems, the validation error is used as an estimate € he model’s error when
making predictions on the real-world system. Thus, a key assumption is that the model’s pre dictiv : capability of the real-
world system is similar to the model’s accuracy in predicting the empirical (experimei.*al} data. If both systems have
similar physical behavior, it is expected that the model’s accuracy will be similar . bot.  systems (the real-world system
and the experiment).

There can be many reasons why the model’s validation error may 1 e v:ry different from the model’s predictive
capability. While experimentalists strive to ensure that the experimentis sin. 11 «w the real-world system, some sacrifices
often need to be made. For example, due to the large size and inherent ¢ ymplex.ty, experimental facilities used to provide
data to validate models for nuclear power plant scenarios often.muct be scw.ied down from the true nuclear power plant
dimensions and operational conditions (such as pressure, tempe, 2tur > and flow rates). This may include operating the
experiment at lower powers and pressures, at a reduced size or usii. g other fluid. While these changes may not directly
impact the model validation (since validation is based on the cu mps rison of the empirical data to the model’s predictions),
these changes certainly impact the applicability of the model for the real-world system. For example, if a specific system
was influenced by behavior that was sensitive to a characteristic length (e.g.,, hydraulic diameter), area (e.g., flow area),
and volume, the scaled system (e.g., experiment) cyu'a not be scaled in all three values at once. Consider liquid flow
through a tube. If the diameter is reduced by a facior of 2, the flow cross-section area and volume must be reduced by a
factor of 4 while the wall heat transfer area i< st'il decreased (as diameter) by a factor of 2. Thus, a phenomenon such as
boiling, in which all of these geometry factc.s co !4 be important, requires a method to determine if the scaled system can
provide useful data, or if the scaled syste m is 1ot similar to the particular scenario in the real-world system. In nuclear
thermal fluid systems, the relevance o1 .>2 »mpirical (experimental) data to the real-world system is determined through
scaling analysis. Scaling is not foct se. on how well the computational model predicts the empirical data (i.e., validation).
Instead, scaling is focused on if .. m¢ 'e!validated with the empirical data will be relevant to the real-world system. In other
words, scaling formalizes the ¢ nnection between the test facility and real-world system.

This Standard provides pra tices and procedures for determining if experimental data (used to validate models) is
applicable to the real-wori" system. Historically, such analysis has been unique for nuclear reactor applications where
conditions of fluid L th single  and two-phase, are highly size dependent due to surface-to-volume ratio, size-dependent
interfacial shupe low .egimes), and interfacial area density. However, it is hoped that the presented scaling analyses
methodologies =ve.oped for the nuclear community can be used to benefit other fields of engineering and science or
combined ‘wvith otiter methodologies already developed.

1.2 L-ope

Ti.'s Standard is focused on the scaling analysis that is used to evaluate the effects of differences (e.g., distortions) in the
phinomenological behavior of experimental facilities compared to the phenomenological behavior of the real-world
cvstem. This includes scaling analysis methodologies for supporting the design of facilities and experiments capable of
generating data that characterize the phenomena presentin an entire system [such facilities are known as integral effects
test (IET) facilities] and in components of the system (e.g., the nuclear core or the steam generator) [such facilities are
known as separate effects test (SET) facilities].
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