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Abstract 

Uncertainty evaluation constitutes a key feature of BEPU (Best Estimate Plus Uncertainty) process. The 

uncertainty can be the result of a Monte Carlo type analysis involving input uncertainty parameters or the 

outcome of a process involving the use of experimental data and connected code calculations. Those 

uncertainty methods are discussed in several papers and guidelines (IAEA-SRS-52, OECD/NEA 

BEMUSE reports). 

 

The present paper aims at discussing the role and the depth of the analysis required for merging from one 

side suitable experimental data and on the other side qualified code calculation results. This aspect is 

mostly connected with the second approach for uncertainty mentioned above, but it can be used also in the 

framework of the first approach. 

 

Namely, the paper discusses the features and structure of the database that includes the following kinds of 

documents: 

1. The” RDS-facility” (Reference Data Set for the selected facility): this includes the description of the 

facility, the geometrical characterization of any component of the facility, the instrumentations, the 

data acquisition system, the evaluation of pressure losses, the physical properties of the material and 

the characterization of pumps, valves and heat losses; 

2. The “RDS-test” (Reference Data Set for the selected test of the facility): this includes the description 

of the main phenomena investigated during the test, the configuration of the facility for the selected 

test (possible new evaluation of pressure and heat losses if needed) and the specific boundary and 

initial conditions; 

3. The “QP” (Qualification Report) of the code calculation results: this includes the description of the 

nodalization developed following a set of homogeneous techniques, the achievement of the steady 

state conditions and the qualitative and quantitative analysis of the transient with the characterization 

of the Relevant Thermal-Hydraulics Aspects (RTA); 

4. The EH (Engineering Handbook) of the input nodalization: this includes the rationale adopted for each 

part of the nodalization, the user choices, and the systematic derivation and justification of any value 

present in the code input respect to the values as indicated in the RDS-facility and in the RDS-test. 
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1. Introduction 

 

The present paper discusses the role and the depth of the analysis required for merging from one side 

suitable experimental data and on the other side qualified code calculation results. The availability of an 

experimental qualified database is of outmost importance for the validation and qualification of code 

calculation. Such database can be used to demonstrate that the code results are reliable1, it can constitute 

the basis for an independent code assessment2 and finally the basis for an uncertainty evaluation 

methodology3, 4. As discussed in several papers and guidelines an uncertainty methodology must rely on 

the availability of a qualified code and qualified procedures. The development of a documentation 

including the Reference Data Set (RDS) of the facility and of the tests, the Qualification Report (QR) of 

the code calculations and the Engineering Handbook (EH) constitutes an approach, envisaged by IAEA5, 6, 

to set up a qualified experimental database. 

 

In order to frame and to outline the role of a qualified database for performing a best estimate and 

uncertainty analysis, section 2 summarizes first the approach for performing the uncertainty analysis, 

whereas section 3 gives more details about the UMAE1 (Uncertainty Methodology Based on Accuracy 

Extrapolation) process for qualifying code calculations and about the CIAU3, 4 (Code with the capability of 

Internal Assessment of Uncertainty) method that needs a qualified set of experimental and code 

calculation results as input for performing a qualified uncertainty analysis. Section 4 presents the features 

the database shall have to be considered qualified and finally section 5 provides short conclusions. 

 

2. Approaches for performing Uncertainty Analysis 

 

The features of two independent approaches for estimating uncertainties are reviewed below.  The 

propagation of code input errors (Fig. 1): this can be evaluated as being the most adopted procedure 

nowadays, endorsed by industry and regulators. It adopts the statistical combination of values from 

selected input uncertainty parameters (even though, in principle an unlimited number of input parameters 

can be used) to calculate the propagation of the errors throughout the code. To this approach belongs the 

so-called “GRS method”7 and the majority of methods adopted by the nuclear industry. Although the 

entire set of the actual number of input parameters for a typical NPP (Nuclear Power Plant) input deck, 

ranging up to about 105 input parameters, could theoretically be considered as uncertainty sources by these 

methods, only a ‘manageable’ number (of the order of several tens) is actually taken into account in 

practice. Ranges of variations, together with suitable PDF (Probability Density Function) are then 

assigned for each of the uncertain input parameter actually considered in the analysis. The number of 

computations needed for obtaining the desired confidence in the results can be determined theoretically by 

the Wilks formula8. Subsequently, the identified computations (ca. 100) are performed using the code 

under investigation to propagate the uncertainties inside the code, from inputs to outputs (results). The 

logical steps of the approach are depicted in Fig. 1. 

 

The main drawbacks of such methods are connected with: (i) the need of engineering judgment for 

limiting (in any case) the number of the input uncertain parameters; (ii) the need of engineering judgment 

for fixing the range of variation and the PDF for each input uncertain parameter; (iii) the use of the code-

nodalization for propagating the uncertainties: if the code-nodalization is wrong, not only the reference 

results are wrong but also the results of the uncertainty calculations and (iv) the process of selecting the 

(about) 100 code runs is not convergent. 
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Figure 1. Uncertainty methods based upon propagation of input uncertainties (GRS method). 

 
The second approach (Fig. 2), reviewed as the propagation of code output errors, is representatively 

illustrated by the UMAE-CIAU (Uncertainty Method based upon Accuracy Extrapolation1 ‘embedded’ 

into the Code with capability of Internal Assessment of Uncertainty2,3). Note that this class of methods 

includes only a few applications from industry. The use of this method depends on the availability of 

‘relevant’ experimental data, where here the word ‘relevant’ is connected with the specific NPP transient 

scenario under investigation for uncertainty evaluation. Assuming such availability of relevant data, which 

are typically Integral Test Facility (ITF) data, and assuming the code correctly simulates the experiments, 

it follows that the differences between code computations and the selected experimental data are due to 

errors. If these errors comply with a number of acceptability conditions1, then the resulting (error) 

database is processed and the ‘extrapolation’ of the error takes place. Relevant conditions for the 

extrapolation are:  

- Building up the NPP nodalization with the same criteria as was adopted for the ITF nodalizations; 

- Performing a similarity analysis and demonstrating that NPP calculated data are “consistent” with 

the data measured in a qualified ITF experiment.  
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Figure 2. Uncertainty methods based upon propagation of output uncertainties (CIAU method). 
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The main drawbacks of this method are as follows: (i) the method is not applicable in the absence of 

relevant experimental information; (ii) a considerable amount of resources is needed to establish a suitable 

error database, but this is a one-time effort, independent of subsequent applications of this method; (iii) 

the process of combining errors originating from different sources (e. g, stemming from different ITF or 

SETF (Separate Effect Test Facility), different but consistent nodalizations, different types of transient 

scenarios) is not based upon fundamental principles and requires detailed validation. 

 

The development and availability of a supporting qualified database for performing the uncertainty 

evaluation is mostly connected with the second approach (propagation of output uncertainties), but it is 

strictly recommended also in the framework of the first approach (propagation of input uncertainties) for 

demonstrating the quality level of the analysis. 

 

3. UMAE-CIAU Method 

 

3.1 The UMAE Methodology: the Engine of the CIAU Method 

 

The UMAE1, whose flow diagram is given in Fig. 3, is the prototype method for the description of “the 

propagation of code output errors” approach. The method focuses not on the evaluation of individual 

parameter uncertainties but on the propagation of errors from a suitable database calculating the final 

uncertainty by extrapolating the accuracy from relevant integral experiments to full scale NPP. 

Considering ITF of reference water cooled reactor, and qualified computer codes based on advanced 

models, the method relies on code capability, qualified by application to facilities of increasing scale. 

Direct data extrapolation from small scale experiments to reactor scale is difficult due to the imperfect 

scaling criteria adopted in the design of each scaled down facility. So, only the accuracy (i.e. the 

difference between measured and calculated quantities) is extrapolated. 

 

Experimental and calculated data in differently scaled facilities are used to demonstrate that physical 

phenomena and code predictive capabilities of important phenomena do not change when increasing the 

dimensions of the facilities (see right loop FG in Fig. 6). Other basic assumptions are that phenomena and 

transient scenarios in larger scale facilities are close enough to plant conditions.  The influence of user and 

nodalizations upon the output uncertainty is minimized in the methodology. However, user and 

nodalization inadequacies affect the comparison between measured and calculated trends; the error due to 

this is considered in the extrapolation process and gives a contribution to the overall uncertainty. 

 

The method utilizes a database from similar tests and counterpart tests performed in ITF, that are 

representative of plant conditions. The quantification of code accuracy (step ‘f’ in Fig. 3) is carried out by 

using a procedure based on the Fast Fourier Transform Based Method (FFTBM9) characterizing the 

discrepancies between code calculations and experimental data in the frequency domain, and defining 

figures of merit for the accuracy of each calculation. Different requirements have to be fulfilled in order to 

extrapolate the accuracy. Calculations of both ITF experiments and NPP transients are used to attain 

uncertainty from accuracy. Nodalizations are set up and qualified against experimental data by an iterative 

procedure, requiring that a reasonable level of accuracy is satisfied. Similar criteria are adopted in 

developing plant nodalization and in performing plant transient calculations (see left loop FG in Fig. 6). 

The demonstration of the similarity of the phenomena exhibited in test facilities and in plant calculations, 

accounting for scaling laws considerations (step ‘k’ in Fig. 6), leads to the Analytical Simulation Model, 

i.e. a qualified nodalization of the NPP.  
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Figure 3. UMAE flow diagram (also adopted within the process of application of CIAU). 

 

The qualified database, constituted by the RDS, QR and EH, is at the basis for a consistent application of 

the UMAE methodology and in particular for the steps characterizing the red loop FG that are pre-

requisites for deriving the uncertainty by the CIAU. In fact, the availability of a RDS of the facility is 

mandatory for the step ‘c’ related with the development of the nodalization and the RDS of the selected  

test represents the specific experimental data at step ‘d’. The QR demonstrates the fulfillment of the 

acceptability criteria at steps ‘f’ and ‘g’ of the code calculation for the selected test and thus the 

acceptance and the associated quality level of the input nodalization. The EH documents all the values of 

the qualified input (i.e. all steps in loop FG) in a systematic way. 

 

3.2 The CIAU Method 

 

The basic idea of the CIAU2, 3 can be summarized in two parts: 

• Consideration of plant status: each status is characterized by the value of six “driving” quantities 

(their combination is the “hypercube”) and by the time instant when those values are reached 

during the transient; 

• Association of uncertainty (quantity and time) to each plant status. 

 

A key feature of CIAU is the full reference to the experimental data (see loop FG in Fig. 3). Accuracy 

from the comparison between experimental and calculated data is extrapolated to obtain uncertainty. A 

solution to the issues constituted by the “scaling” and “the qualification” of the computational tools is 

embedded into the method10, 11 through the UMAE methodology that constitutes the engine for the 

development of CIAU and for the creation of the error database.  
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Assigned a point in the time domain, the accuracy in predicting the time of occurrence of any point is 

distinguished from the accuracy that characterizes the quantity value at that point. Thus, the time-domain 

and the phase-space are distinguished: the time-domain is needed to characterize the system evolution (or 

the NPP accident scenario) and the phase-space domain is used to identify the hypercubes.  

 

Quantity and time accuracies are associated to errors-in-code-models and uncertainties-in-boundary-and-

initial-conditions including the time sequence of events and the geometric model of the problem. Thus,  

a) The ‘transient-time-dependent’ calculation by a code resembles a succession of steady-state values at 

each time step and is supported by the consideration that the code is based on a number and a variety 

of empirical correlations qualified at steady-state with assigned geometric discretization. Therefore, 

quantity accuracy can be associated primarily with errors-in-code-models. 

b) Error associated with the opening of a valve (e.g. time when the equivalent full flow area for the 

flow passage is attained) or inadequate nodalization induce time errors that cannot be associated to 

code model deficiencies. Therefore, time accuracy can be associated primarily with uncertainties-in-

boundary-and-initial-conditions.  

Once the Time Accuracy (Uncertainty) Vector, TAV (TUV), and the Quantity Accuracy (Uncertainty) 

Matrix, QAM (QUM) are derived, the overall accuracy (and uncertainty) is obtained by the geometric 

combination of the two accuracies (and uncertainties) values, i.e. time and quantity, in the two-

dimensional space-time plane.  

 

An idea of the architecture of the CIAU methodology can be derived from Fig. 4. Two processes can be 

distinguished: the “Error Filling Process” (similar to path FG in Figure 3) by which the NPP statuses are 

filled with the values of the error database, and the “Error Extraction Process” by which the uncertainty 

values (derived from the extrapolation process of accuracy) are picked up from the NPP statuses.  

 

The qualified database constituted by the RDS, QR and EH is the supporting tool to the “Error Filling 

Process”. 
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Figure 4. CIAU Method: “Error Filling Process” and “Error Extraction Process”. 
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4. The Qualified Database for Uncertainty Evaluation 

 

The experimental database for the nuclear technology is mainly constitutes by the experiments available 

through the OECD/CSNI Integral Test Facility (ITF)12 and Separate Test Facility Effect (STF)13, 14 matrix.  

Those database  collect over thirty years of experiments: separate effects test for individual phenomena, 

integral test for large break LOCA, small break LOCA, transients, beyond design basis accidents and 

accident management in PWRs, BWRs and WWERs type of reactor. The enormous amount of 

information has been used for the code assessment in the framework of V&V activities.  The availability 

of the experimental database constitutes also the pre-requisite for the creation of a qualified ‘error’ 

database of system thermal-hydraulic responses to be used for the uncertainty evaluation in the method 

based on “extrapolation of output errors”.  

 

The information contained in the experimental reports together with the code input nodalization are the 

sources to be elaborated in a systematic way by a qualified database made up of the following documents: 

1) The Reference Data Set for the selected facility, RDS-facility; 

2) The Reference Data Set for the selected test of the facility, RDS-test; 

3) The Qualification Report, QR; 

4) The Engineering Handbook, EH. 

 

Figure 5.Figure 5 shows the link between the RDS, the Input deck, the QR and the EH. The black lines 

indicate the time sequence of the activities, the blue lines constitutes the feedback for review and the red 

lines are the necessary input to developed the input deck and the EH. The whole process is based on 

continuous review and exchange of information between the analysts involved in the activities. An 

independent review of each report is guarantee by the fact that the developer of the EH is different by the 

input deck developer, and the input deck developer is different from who work on the RDS. 

 

 
 

Figure 5. Flow chart of the RDS, Input Deck, QR and EH interconnections. 
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Block A in Fig 5 is related to the collection of relevant drawings and reports of the selected facility. This 

documentation constitutes the basis for writing down the RDS (block B). The writing of the RDS is also 

the first step of the review process, each documents is checked against is consistency with other source of 

information till the creation of a final documentation set for the particular facility. 

 

The subsequent block of the chart (block C) is related to the creation of a RDS for the selected test that has 

to be analyzed. The RDS of the test will contain the definition of test conditions, the set points and the 

boundary conditions. The RDS of the facility and of the test are at the basis of the code input 

development. The development of an input (block D) must follow a preconfigured set of nodalization 

strategies described in a dedicated document whose goal (not described here) is to collect the nodalization 

strategies, user choices and model selections to be used for the development of any other input. A review 

process of the RDS took place in this phase: the input developer uses the RDS to extract the necessary 

information for the input preparation together with the availability of the original documentation already 

collected. Potential errors and misinterpretations maybe identified and corrected in the RDS. The writing 

down of the RDS-test also constitutes a review process of the RDS-facility, in deed the RDS-facility is 

continuously used to check the consistency of the two reports.  

 

One of the reasons for the need of the RDS is connected with the duration of the experimental campaign 

that usually takes place in each facility (more or less from five to ten years). During those years, different 

modifications can be made to the facility configuration in order to improve the fidelity of the facility to the 

reference plant, to reduce the heat losses, to install a more detailed instrumentation apparatus, etc... Such 

information and modifications are obviously not part of the original documentation and in general could 

be only partially reflected in separated reports and documents. Thus, the goal of the RDS is to analyze the 

enormous amount of available documentation and to solve possible contradictions coming out from 

different reports in order to produce a consistent and homogenous set of data of the facility. 

 

Once the code input file has been produced, there is the need to qualify the achieved code results 

following appropriate procedures as discussed in the UMAE methodology. The QR (block H) collects the 

results of the qualification procedures of the code input. 

 

The engineering handbook (block E) constitutes the final step for the set up of a qualified database useful 

for the uncertainty methodology. The IAEA report6 states that a “document contains a full description of 

how the database has been converted into an input data deck for a specific computer code” should be 

available. This is the goal of the EH: it not only describes the nodalization of the facility based on the 

input file and the calculation notes made available by the input developer but it also provides the 

engineering justifications of the user choices and the explanation of possible discrepancies with the 

general nodalization strategies.  

 

At this step, a final review process of the three set of documents is also performed: any entry in the input 

deck is checked between the calculation notes and the RDS of the facility, errors or inconsistencies found 

in the input are tracked and reported and appropriate countermeasures are taken. For the criterion of the 

independence of the review process, it is of outmost importance that the engineer in charge of the EH is 

different from the input deck developer (the last one is involved in the preparation of the EH only for the 

description of the “nodalization rationale” and for the “user choices”). 
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4.1 The RDS-facility and the RDS-test 

 

The first step for the database creation is constituted by the collection of the relevant experimental 

information in a document called Reference Data Set handbook. The relevant design data of the facility 

and of the test are organized in order to be ready to be used for the development of the code input data file. 

The data and the organization of the data are not dependent on the code selected for the analysis.  

 

To perform a proper data collection, the IAEA suggest to: 

• Check the quality of input data, 

• Resolve the contradiction coming out from the data, 

• Explain information on geometry, thermal and hydraulic properties, 

• Perform an independent review, 

• Carry-out a quality control of the database by means of relevant quality assurance procedures, 

• Developed a database in a code independent form. 

 

Two kinds of RDS are necessary to the creation of an input deck: the RDS of the facility (RDS-facility) 

and the RDS of each test (RDS-test) that has to be included in the database. Figure 6 shows the 

relationship between those documents.  

 

The RDS related with the design of a facility may consists of the following sections15: 

• Layout of the facility, 

• Collection of geometrical data (length, volumes, areas, elevations) for each subsystem and 

component of the facility, 

• Collection of specific data for complex component (pumps, valves, heaters, etc…), 

• Identification of geometrical discontinuities and evaluation of pressure loss coefficients (normal 

operation), 

• Material properties, 

• Measurement system, 

• Nominal heat losses. 

 

The RDS of a particular test in a facility may consists of the following sections16: 

• Description of the test and phenomena occurring in the experiment, 

• Characterization of the Boundary and Initial Conditions (BIC), 

• Characterization of trips and logic signals occurring during the transient, 

• Measurement data, 

• Specific heat losses, 

• Evaluation of possible additional pressure loss coefficients, 

• Thermal hydraulic system behaviour description. 

 

4.2 The Input Deck 

 

A preliminary consideration to set up a nodalization should first addresses the kind of facility and the 

related type of problem to be investigated. It should be noted that in the present context the word “facility” 

is here intended both as a real plant and as a test rig. The level of detail of both full or reduced scale 

facilities should be comparable even though, in case of an experimental  rig,  some  auxiliary  or   ancillary 
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Figure 6. The RDS-facility and the RDS-Tests. 

 

systems are simplified or even not reproduced, rather in case of a real plant “side” systems consumes code 

resources. 

 

The set up of a nodalization passes through different steps:  

• Nodalization preparation: main choices of the model characteristics and preliminary code 

resources distribution; 

• Nodalization schematization: build up of the discretization of the various parts of the considered 

facility; 

• Input writing: translation into the code language of the schematization. 

 

The input data file is developed starting from the RDS-facility and RDS-test. Together with the data file, 

calculation notes to document modelling decisions have to be elaborated by the code input developer. 

Input data file and calculation notes pass through a peer review process (see Figure 5 and Figure 8) before 

the final version of the input is issued. 

 

The process of nodalization preparation includes the analysis of the facility lay-out, its main geometrical 

characteristics and its working modalities. In addition the analyst shall have in mind which phenomena are 

expected to occur in the considered facility (due to geometrical specificities and/or constraints) and in the 

specific (or set of) transient. At this regard, the OECD code validation matrixes12, 13, 14, constitute an 

irreplaceable tool in which most of the ITF and SETF operated in the world are considered.  

 

An assessment on code resources distribution shall be made by the analyst prior to set up the related 

model, to ensure that sufficient level of details (e.g. number of active channels, number of equivalent U-

tubes, etc.) is put in relevant part of the plant without neglecting or making too simple the rest of the plant. 

Definition of sufficient level of detail shall take into account the objectives of the analysis. As an example 

the detailed simulation of a RPV could be enough in case of very short term core analysis, but it is 

completely insufficient in case of global plant reproduction. 
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Outcome of this initial stage of the code input development is a draft of the nodalization sketch with the 

indication of the main features of the nodalization (e.g. number of active channels, number of equivalent 

U-tubes, etc.). 

 

The nodalization development is the logical subsequent step of the nodalization preparation during which 

the basic idea of the model are fully developed up to design a complete nodalization. Feedbacks on the 

previous stage could come out during the development of the nodalization, especially when the code user 

starts to have a more complete picture of the model. Iterative paths could be requested if basic changes 

influence relevant or wide zones of the facility. The availability of the report containing the guidelines for 

the development of the nodalization and the main strategies to be adopted (block F in Figure 8) is a 

fundamental supporting tool for the code input developers. 

 

The writing of the input deck consists in the translation of the developed nodalization into the code 

language. In principal it needs ‘just’ the knowledge of the code’s syntax and the use of the related manual. 

Attention shall be put in order to avoid typing error (very difficult to be detected in case of plausible value 

from the code internal check point of view). In addition a rational in the deck structure shall be followed: 

readability of the input deck may suggest to clearly identifying the main sections which include trips; 

hydrodynamic data; heat structures data; 0DNK cards; control variables; additional requested variable (if 

any). 

 

4.3 The Qualification Report 

 

The Qualification Report (QR) is necessary to demonstrate that the code results are qualitative and 

quantitative acceptable with respect to fixed acceptance criteria3. In particular for the method based on 

extrapolation of output error, the availability of QR is a pre-requisite to demonstrate the qualification level 

of the ‘error’ database. 

 

Without going into the details of the qualification procedures3 (illustrated in Figure 7), it is however 

important to outline the minimum amount of information shall be contained in a qualification report: 

• The demonstration of the geometrical fidelity (block e in Figure 7) of the model respect to the facility. 

A non exhaustive list of the characteristic to be verified is given here: primary and secondary volume, 

active and non-active structure heat exchange area, volume versus height curves, component relative 

elevation, flow area of specific components, etc…;  

• The qualification at steady-state level (block d in Figure 7), i.e. the demonstration of the capability of 

the model to reproduce the steady-state qualified condition of the test; 

• The qualification at transient level (block h in Figure 7).  This activity is necessary to demonstrate the 

capability of the code nodalization to reproduce the relevant thermal-hydraulic phenomena expected 

during the transient. This step also permits to verify the correctness of some systems that are in 

operation only during transient events. Criteria, both qualitative and quantitative, are established to 

express the acceptability of the transient calculation.  

 

When the acceptability criteria at blocks ‘f’ and ‘j’ are met the input deck is considered qualified. 
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Figure 7. Flow chart of the nodalization qualification procedure. 

 

4.4 The Engineering Handbook 

 

The creation of a plant model for computer codes is an interactive procedure that includes the selection of 

the nodalization scheme, the preparation of the code input deck and the associated documentation of the 

activities.  

 

The engineering handbook constitutes the technical rationale for the input model. It summarizes for each 

component of the model’s input file the documentation used and provides engineering justification of the 

adopted assumptions. Each input’s entry is fully described and documented and the calculation notes of 

the input developer are included in the EH allowing an easier understand of the input values. It finally 

makes a cross link between the RDS (both for the facility and for the test), the code and the input data 

files. 

 

As the EH documents in detail how the RDS have been converted into an input deck for the particular 

computer code, one can say that the final goal of the EH is to preserve and make easier the transfer of 

knowledge about the input (i.e. the user choices and the technical rationale behind the development of the 

input) from one group to an other one. 

 

A typical EH shall contain:  

(a) The methods and the assumptions used to convert the RDS information into the code input data; 

(b) All calculations made to convert the technical plant data to the necessary format for the input deck 

(i.e. the traceability of the information); 

(c) The nodalization schemes of the components as well as for the complete system being modeled; 

(d) The adequate description and explanation of all adopted modeling assumptions. 

 

The EH is set up once the input deck has been qualified and frozen, any changes to the input deck, prior 

peer review approval, must be documented in the EH. 
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In the process described in the present paper, the writing down of the EH constitutes the final step of the 

review activities for the whole process (from the blue prints to the input deck and the EH). The availability 

of the calculation notes (block G in Figure 8), prepared by the input developer, allows to check possible 

inconsistencies in the input deck respect to the RDS data and any revealed discrepancy is carefully 

reviewed and solved through the proper corrective action that has to be documented. 

 

The structure proposed for the EH is similar to the organization of a typical (RELAP5) code input file in 

order to result as much as possible user friendly. A non-exhaustive list for the content of the EH is give 

here below: 

• Introduction; 

• Nodalization description: 

o Primary side, with subsections related to relevant primary circuit zones, i.e. hot leg, cold 

leg, etc... Each zone has a description of the rationale, user choices, models, geometry, 

junctions and heat structures entries; 

o Secondary side, with subsections related to relevant secondary circuit zones, i.e. steam 

generator downcomer, steam generator riser, separator, etc... Each zone has a description 

of the rationale, user choices, models, geometry, junction and heat structures entries; 

o Primary and Secondary Side Boundary Conditions; 

o Primary and Secondary Side heat Losses; 

• General table: 

o Core power; 

o Heat Losses; 

• Material Property; 

• Logical and Control System: 

o Control variables; 

o Artificial controllers; 

o Logical and variables trips. 
 

 
 

Figure 8. Flow Chart of the Input Development, Review and Qualification Procedures. 

A 

B 
C 

D 

E G 

F 

H 
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5. Conclusions 

 

The paper presents the features and structure of the database that includes a series of documents whose 

goal is to demonstrate the qualification level of the achieved code results. This aspect is mostly connected 

with a Best Estimates Plus Uncertainty analysis based on “propagation of code output errors” approach. 

Such qualified database is a fundamental pillar to justify the qualification level of the error database, but 

its availability should be also a mandatory requirement for any analysis based on best estimate approach. 

By-product of this activity is the concrete possibility to make traceable any input’s value and any user 

choice respectively derived and taken from the blue prints to the final achieved code results. 

 

6. References 

 

[1] D’auria F., Debrecin N., Galassi G. M., "Outline  of  the Uncertainty Methodology based on 

Accuracy  Extrapolation (UMAE)", J. Nuclear Technology, 109, No 1, pp 21-38 (1995). 

[2] D’auria F., Giannotti W., “Development of Code with capability of Internal Assessment of 

Uncertainty”, J. Nuclear Technology, 131, No. 1, pp 159-196 (2000). 

[3] Petruzzi A., D’Auria F., “Thermal-Hydraulic System Codes in Nuclear Reactor safety and 

Qualification procedures”, Science and Technology of Nuclear Installations, ID 460795, 2008. 

[4] Petruzzi A., Giannotti W., D’auria F., “Development, Qualification and Use of a Code with the 

Capability of Internal Assessment of Uncertainty”, CNS, Sixth International Conference on 

Simulation Methods in Nuclear Engineering, Montreal, Canada 2004. 

[5] IAEA SAFETY REPORT SERIES N° 52, “Best Estimate Safety Analysis for Nuclear Power 

Plants: Uncertainty Evaluation”, Vienna, 2008.  

[6] IAEA SAFETY REPORT SERIES N° 23, “Accident Analysis of Nuclear Power Plant”, Vienna, 

2002. 

[7] Hofer E. Probabilistische Unsicherheitsanalyse von Ergebnissen umfangreicher Rechenmodelle, 

GRS-A-2002, 1993. 

[8] Wilks S.S. Determination of sample sizes for setting tolerance limits, J. Ann. Math. Statist. 12,  pp 

91-96, 1941. 

[9] Ambrosini W., Bovalini R. and D'Auria F., Evaluation of Accuracy of Thermal-hydraulic Codes 

Calculations, J. En. Nucl. 7, 1990. 

[10] D’Auria F. and Galassi G.M., Code Validation and Uncertainties in System Thermal-hydraulics, J. 

Prog. in Nucl. En., 33, pp 175-216, 1998. 

[11] Bovalini R. and D'Auria F., Scaling of the accuracy of Relap5/mod2 Code J. Nucl. Eng. & Des. 139, 

pp 187-204, 1993. 

[12] OECD/CSNI “Integral Test Facility Validation Matrix for the Assessment of Thermal-Hydraulic 

Codes for LWR LOCA and Transients”,OCDE/GD(97)12, NEA/CSNI/R(96)17 (July 1996). 

[13] OECD/CSNI “Separate Effects Test Matrix for Thermal-Hydraulic Code Validation Volume I, 

Phenomena Characterisation and Selection of Facilities and Tests”, OECD/GD(94)82 (July 1994). 

[14] OECD/CSNI “Separate Effects Test Matrix for Thermal-Hydraulic Code Validation Volume II, 

Facilities and Experiment Characteristics”; OECD/GD(94)83 (July 1994). 

[15] Giovannetti S., Lisovyy O., Fiori F., Kovtonyuk A., Petruzzi A., D’Auria F., “Reference Data Set 

for LOBI/MOD2 facility”, Agreement ATUCHA-II – UNIPI N°3, REP-124_U-NIII_DIT- 

30_E.1.3.6a_FR_Ch15Fin_Rev1, June 2011, Pisa, Italy. 

[16] Fiori F., Lisovyy O., Giovannetti S., et all. “Reference Data Set for LOBI/MOD2 A1-83 transient”, 

Agreement ATUCHA-II – UNIPI N°3, REP-129_U-NIII_DIT-135_E.1.3.6h_FR_Ch15Fin_Rev1, 

April 2011, Pisa, Italy. 

NEA/CSNI/R(2013)8/PART2

60



Gr
up

po
 R

ice
rca

 N
uc

lea
re

 S
an

 P
ier

o a
 G

ra
do

UNIVERSITÀ DI PISA
GRUPPO DI RICERCA NUCLEARE – SAN PIERO A GRADO (GRNSPG)

Supporting Database for Uncertainty Evaluation

Title Supporting Database for Uncertainty Evaluation
Lecturer F. Veronese
Authors A. Petruzzi, F. Fiori, A. Kovtonyuk, O. Lisovyy, F. D’Auria
Revision/Date 1 11/01/2011

OECD/CSNI Workshop on Best Estimate Methods and Uncertainty Evaluation

Barcelona, Spain, 16-18 November 2011



Gr
up

po
 R

ice
rca

 N
uc

lea
re

 S
an

 P
ier

o a
 G

ra
do

Any reproduction, alteration, transmission to any third party or publication in whole or in part of this document and/or its content is prohibited unless the University 
of Pisa – San Piero a Grado Nuclear Research Group has provided its prior and written consent. This document and any information it contains shall not be used 
for any other purpose than the one for which they were provided. Legal action may be taken against any infringer and/or any  person breaching the 
aforementioned obligations.

OECD/CSNI  Workshop on Best Estimate 
Methods and Uncertainty Evaluation 
Barcelona, Spain

CONTENTS
Introduction
Support to UMAE
Approach for Uncertainty Analysis
Reference Data Set (RDS)
Input Deck Development and Qualification
Engineering Handbook (EH)
Conclusion



Gr
up

po
 R

ice
rca

 N
uc

lea
re

 S
an

 P
ier

o a
 G

ra
do

Any reproduction, alteration, transmission to any third party or publication in whole or in part of this document and/or its content is prohibited unless the University 
of Pisa – San Piero a Grado Nuclear Research Group has provided its prior and written consent. This document and any information it contains shall not be used 
for any other purpose than the one for which they were provided. Legal action may be taken against any infringer and/or any  person breaching the 
aforementioned obligations.

OECD/CSNI  Workshop on Best Estimate 
Methods and Uncertainty Evaluation 
Barcelona, Spain

INTRODUCTION

Importance of an experimental qualified database (for assessment 
and uncertainty)
Qualified experimental database is envisaged by IAEA (SRS N° 23)

RDS, QR & EH set of document that answer the IAEA requirement

OECD/CSNI database, ITF and STF. Widely used for V&V activities 
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REFERENCE DATA SET

Qualification 
Report

Introduction

IAEA guidelines (IAEA, SRS n°23) :

Checking the quality of input data

Resolving the contradictions coming out from data

Explaining information on geometry, thermal and hydraulic properties 

Performing an independent review

Carrying out a quality control of the database by means of relevant quality 
assurance procedures

Developing a database in a code independent 
form
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REFERENCE DATA SET

The goal of the RDS is to analyze the available documentation 
and to solve the possible contradictions coming out from 
different reports in order to produce a consistent and 
homogeneous set of data of the facility

Different facility modifications may have occured during the entire duration 
of the experimental campaign

The RDS data are available for input qualification and input 
development

PPurpose
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REFERENCE DATA SET

The RDS realated with the design of a facility may consist of the 
following sections:

Layout of the facility

Collection of geometrical data (length, volumes, areas, elevations) for each 
subsystem and component of the facility

Collection of specific data for complex component (pumps, valves, heaters, 
etc...)

Identification of geometrical discontinuities and evaluation of pressure loss 
coefficients (normal operation)

Material properties

Measurement system

Nominal heat losses

Nuclear data

ECD
Metho

l

SStructure and Sample, RDS facility
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REFERENCE DATA SET

Identify measured parameters

Identify measurement locations

Classify measurement insert 
types

Geometry variation and measurement inserts introduce pressure 
losses in the system

Evaluation of pressure losses

Structure and Sample, RDS facility
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REFERENCE DATA SET
Structure and Sample, RDS facility

Modules number
Geometrical configurations
Parameters values and adopted formulas
K-loss coefficients
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INPUT DECK DEVELOPMENT&QUALIFICATION 

Nodalization preparation: main 
choices of the model characteristics 
and preliminary code resources 
distribution (data from RDS)

Nodalization schematization 
according to the pre-set nodalization 
strategies

Input writing following a pre-set 
structure

IIntroduction

Qualification 
Report

Qualification 
Report

The Qualification Report (QR) collects the results of the qualification 
procedures of the code input

X,Y

ZZ

X,Y

X,Y

X,Y

X,Y, Z: indicate three different analysts

Nodalization 
techniques

Coded Rules
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Structure and Sample

INPUT DECK DEVELOPMENT&QUALIFICATION 

QR to demonstrate that code results are qualitative and quantitative 
acceptable with respect to fixed acceptance criteria. QR should 
contain:

Demonstration of geometrical fidelity 

Qualification at steady-state level

Qualification at transient level

(both qualitative and 

quantitative)
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ENGINEERING HANDBOOK

Final step of the process to set up a qualified database, IAEA 
states that a: “documents contains a full description of how the 
database has been converted into an input data deck for a 
specific computer code”, (IAEA, SRS n°23) should be available

Introduction

X,Y

X,Y X,Y

Z

Coded Rules

1° X,Y, input entries documentation
2° Z, rationale & user  choices

Z

Z

X,Y, Z: indicate three different analysts
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EH constitute the technical rational for the input, providing 
engineering justification of the adopted assumption and 
summarize the model’s input file
Make the use of the input by a third user easier, preventing errors 
and misunderstanding
It is set up on only after the nodalization is qualified and frozen
EH shall contains:

Methods and assumptions used to convert the RDS information into the 
code input data
All the transliteration of the calculation notes (traceability of the 
information)

Nodalization schemes of the components
Adequate description and explanation of all adopted modeling assumptions

FINAL STEP TO SET UP A QUALIFIED EXP DATABASE
(review of the input deck and of the RDS)

Introduction
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Structure & Samples

R5-3D© nodalization description

Link to the 
document section 

(component  by 
component)

User friendly
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RPV (from RDS) reference for the data used for the input
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RPV (from RDS) reference for the data used for the input
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Heat Structure
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CONCLUSIONS
A procedures for a creation of a qualified experimental 
database has been developed and adopted

Review of each document is intrinsic in the procedure

RDS collects the most important geometrical data of the facility and 
gives calculated values directly usable from the input developers

RDS is a powerful document that follows the IAEA guidelines 

QR assures that the calculated value fulfill pre determined acceptability 
criteria.

EH provides engineering justification of the input deck entries

EH links the RDS of the facility, the code and the R5-3D input deck 
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