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ABSTRACT - Quantitative evaluation of code uncertainties is a necessary step in the code
assessment process, above all if best-estimate codes are utilised for licensing purposes. Aiming at
quantifying the code accuracy, an integral methodology based on the Fast Fourier Transform (FFT) has
been developed at the University of Pisa (DCMN) and has been already applied to several calculations
related to primary system test analyses. This paper deals with the first application of the FFT based
methodology to containment code calculations based on a hydrogen mixing and distribution test
performed in the NUPEC (NUclear Power Engineering Corporation) facility. It is referred to pre-test
and post-test calculations submitted for the International Standard Problem (ISP) n. 35. This is a blind
exercise, simulating the effects of steam injection and spray behaviour on gas distribution and mixing.
The results of the application of this methodology to nineteen selected variables calculated by ten
participants are here summarized, and the comparison (where possible) of the accuracy evaluated for
the pre-test and for the post-test calculations of a same user is also presented.

1. Introduction

The assessment process of large thermal-hydraulic codes aims principally at verifying the
goodness of code predictions against experimental data gained mainly by tests performed in
plant simulators (i.e. quantifying the code accuracy), since direct assessment is not possible due
to the lack of suitable measurements in Nuclear Power Plants (NPPs). The reliability of these
predictions, adopted for safety analyses, depends on many factors involving code features and
user's experience.

On the other hand, to estimate the applicability of a code in predicting a plant transient, one
must verify that the experimental data used for qualifying the code are representative of the
phenomena expected in the plant and, subsequently that the used code is able to reproduce
qualitatively and quantitatively these data, [1].

A methodology suitable to quantify code accuracy has been developed at the University of
Pisa (DCMN). It is an integral method using the FFT in order to represent the code
discrepancies in the frequency domain. Several applications of this method have been already
carried out analysing calculations related to primary system tests. This methodology is an
indispensable tool in the frame of the LJMAE (Uncertainty Methodology based on Accuracy
Extrapolation), [1], that allows the evaluation of uncertainties in predicting transient scenarios
in NPPs through the extrapolation of accuracy data obtained in small scale facilities.

This paper deals with the first application of the FFT based methodology to code
calculations based on (NUPEC test M-7-1), a hydrogen mixing and distribution test performed
on the NUPEC facility. It is related to pre-test (ten participants) and post-test calculations
(four participants) submitted for the ISP 35. With reference to the obtained results, after the
qualitative evaluation of the accuracy showing error compensations and unacceptable
discrepancies which could reduce or mislead the meaning of such a quantitative analysis. The

516 Nuclear Energy in Central Europe, Portorol Slovenia, 11.-14. September 1995



proposed FFT based methodology confirms its capability in quantifying the accuracy of
containment calculations.

2. The FFT based method

The application of the FFT based method includes two distinct phases characterising the
qualitative and the quantitative evaluation of the data base to be analysed. This last level is
retained necessary if best-estimate codes are utilised for licensing purposes.

Qualitative assessment. The procedure set up for this kind of analysis, is similar to the one
suggested by CSNI [2] or by INEL [3], including:

1) subdivision of the transient in "phenomenological windows";
2) for each phcnomenological window:

specification of key phenomena;
identification of the "relevant thermal-hydraulic aspects" (RTA);
selection of the parameters characterising the RTAs;

3) qualitative analysis of obtained results by comparing (only by a visual observation)
experimental and calculated trends.

The qualitative analysis (it is also based on four subjective judgement marks, as excellent,
reasonable, minimal, unqualified, [3], through which we can get a first classification about the
calculation quality), is a necessary prerequisite to the application of the quantitative analysis. In
fact, it is a nonsense performing this last one, if the calculation is not qualitatively correct.

Quantitative assessment. This further level is managed by means of the application of the
FFT method. The accuracy quantification of a code calculation is based on the amplitude of the
FFT of the experimental signal and of the difference between this one and the calculated trend.
The FFT method characterises each calculation through two values:

The FFT method characterises each calculation through two values:

• a dimensionless average amplitude
2m

IlAF(fn)|
AA= ^ (1)

n=0
a weighted frequency

2
IlAF(fn)l • fn

^ (2)

IfAF(fn)|
n=0

where AF(t) = Fca|c(t) - Fcxp(t) is the formulation adopted for the error function.
The most significant information is given by the factor A A, which represents the relative

magnitude of the discrepancy deriving from the comparison between the addressed calculation
and the corresponding experimental trend (AA - 1 means a calculation affected by a 100% of
error). The WF factor characterises the kind of error, because its value emphasises whether the
error has more relevance at low or high frequencies, and depending on transient, high
frequency errors can be more acceptable than low frequency ones (in other words, analysing
thermal-hydraulic transients, better accuracy is generally represented by low AA values at high
WF values, [4]).
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Trying to give an overall picture of the accuracy of a given calculation, average indexes of
performance are obtained by defining:

(AA)lot= ia(AA)i(wf)i (3)

(WF),ot= if(WF)i • (wf)i (4)

Nvar
with Z(w f ) i= l (5)

where Nvar is the number of analysed parameters and (wf)j are weighting factors introduced to
take into account the different importance of each parameter from the viewpoint of safety
analyses. This introduces some degree of engineering judgement that can be partly reduced by
a proper and unique definition of the weighting factors.

Obviously, the most suitable factor for the definition of an acceptability criterion is the
average amplitude AA. With reference to the accuracy of a given calculation, we can define the
following acceptability criterion:

(AA) [o t<K (6)

where K is an acceptability factor valid for the whole transient. As lower is the (AA)tot

value, as better is the accuracy of the analysed calculation (i.e. the code prediction capability
and acceptability is higher). On the other hand, (AA)tol should not exceed the unity in any part
of the transient. Due to this requirement, the accuracy evaluation should be performed at
different steps during the transient, to verify if this condition is not satisfied in any phase of it.

With reference to experience gathered from previous applications of this methodology, for
the primary system calculations a value of K = 0.4 has been chosen as reference threshold
value, identifying acceptable accuracy of a code calculation for the primary system. For the
containment system, on the basis of this first application results, a reasonable value for K. seems
to be 0.1, but due to the limited number of applications in this domain performed so far, there
is no confidence in this value, that could be changed after experience gathered by further
applications of this methodology to other containment tests. A lower value in the case of
phenomena typical of the containment system is expected because this kind of phenomena are
slower with respect to those that occur in the primary system. The same criterion can be used
to evaluate the code capability in the single parameter prediction. In this case the AA factor is
the one evaluated for the addressed parameter (see Eq. (1)).

It should be noted that the FFT based methodology docs not allow the identification of the
origin of the error (i.e. user effect, wrong initial or boundary conditions, nodalisation and
model deficiency, etc.). Nevertheless in the frame of the UMAE, criteria have been fixed to
minimise the influence of the above items, with the exception of error sources intrinsic to the
code, [4].

3. Quantitative accuracy evaluation of analysed ISP 35 code calculations

NUPEC is an experimental facility designed to perform hydrogen mixing and distribution
tests (see Figure 1). It simulates a linearly 1/4 scaled down Wcstinghouse standard
containment; with a free volume of about 1300. m~. The carbon steel vessel is partitioned in
twenty-five compartments, connected each other by sixty-six flow paths, [5]. The test chosen
as blind exercise in the frame of the OECD/1SP program is the test M-7-1, where a break in the
primary cooling system caused a steam and hydrogen blow-down in the SG foundation
compartment (Node 8). The spray system has been used for enhancing the gas mixing
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Figure 1:3-D Model containment view

phenomena, and consists of twenty-one
nozzles installed in the upper zone of the
dome. Eight system codes have been employed
by twelve participants, and among the
calculations submitted to the ISP 35
organisation, data from ten pre-test and four
post-test calculations were made available for
the DCMN accuracy quantification. Among
the one-hundred-three variables required for
the comparison with the calculated results, [6],
which had to be provided for each ISP 35
submission, nineteen variables have been
selected by the DCMN for the application of
the FFT based methodology (see Table 1), on
the basis of their relevance on the containment
safety (i.e. the variables representing the
highest He concentration regions, together
with the variables which exhibited large
discrepancy among the various calculations).
The choice was made with the objective of
identifying the most representative ones for the
characterisation of a containment transient
evolution.

Taking into account the characteristics of
the transient and the time duration of
submitted calculations, to compare each other

the results of all the participants on the basis of common time windows, the analyses have been
carried out in one phenomenological window: from 200. s up to 1790. s into the transient. The
first value was chosen to eliminate the timing discrepancies in the short time, the second
because one calculation stops at 1790. s.

The set of values utilised to derive the (wf)j adopted to evaluate the global code calculation
accuracy (AA)tot e (WF)tot (see Eqs. (3) and (4)) is summarised in Table 1, including the
weighting values not normalised according to the Eq. (5).

The definition of the weight values is the result of many considerations involving, among
the other thing, problems related to different ways of obtaining experimental measures and
corresponding code calculated quantities. Due to this, in the case of application to primary
system thermal-hydraulic code calculations, a complete set of weighting for typical thermal-
hydraulic parameters has been fixed and utilised in previous FFT analyses, [4].

Obviously, the same values are not applicable to containment code calculations. As a
consequence, the values adopted in the present first application to a containment transient have
been calculated considering the ratio between node volumes and the total volume. By such a
definition, considerable relevance is given to dome related quantities, but it has to be noted,
among the other thing, that pressure measurement made in this compartment is applicable to
the whole facility.

This definition was just an example of application of the methodology, not accounting for
other influences (e.g. the importance of hydrogen concentration related to volume dimensions),
being the main purpose the verification of the method applicability to containment analyses. In
any case, weighting factors are not considered when calculating the accuracy for a single
variable (see Eqs. (2) and (3)). They just contribute to give a global figure of merit for the
whole code calculation.
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In terms of qualitative accuracy, a good prediction of the phenomena that occurred during
the experiment has been globally achieved in the pre-test calculations, and to a better extent in
the post-test calculations. Although a certain number of predictions showed considerable
discrepancies with respect to the experiment data, the phenomenological description of the
transient was retained enough consistent with data to justify a quantitative accuracy evaluation.
In some cases an incorrect value of initial pressure was introduced from the user in the code
input deck (e.g. in DCMN and JRC pre-test calculations) and this error reflected itself in the
whole transient with the consequence of a worse accuracy evaluation.

Exp
SP025
RT002
RT008
RT01I
RT012
RT0I7
RT0I9
RT021
RT024
RT025B
HC002
HC008
HC01I
HC012
HC017
HC019
HC02I
HC024
HC025-5

Weight
1.0

0.0114
0.0096

0.00823
0.0404

0.00823
0.0184
0.0015

0.00153
0.71

0.0114
0.0096

0.00823
0.0404

0.00823
0.0184
0.0015

0.00153
0.71

Description
Dome Pressure
Temperature in Node 2
Temperature in Node 8
Temperature in Node 11
Temperature in Node 12
Temperature in Node 17
Temperature in Node 19
Temperature in Node 21
Temperature in Node 24
Temperature in Node 25
He Concentration in Node 2
He Concentration in Node 8
He Concentration in Node 11
He Concentration in Node 12
He Concentration in Node 17
He Concentration in Node 19
He Concentration in Node 21
He Concentration in Node 24
He Concentration in Node 25

Location
CV Inside (Dome Centre)
CV Sump Pump
SG Foundation Compartment D
SG Foundation Compartment B
General Compartment C and D
SG Loop Compartment A
Cavity
SG Chimney D
SG Chimney B
Dome 180° El. 16704 mm
CV Sump Pump
SG Foundation Compartment D
SG Foundation Compartment B
General Compartment C, D
SG Loop Compartment A
Cavity
SG Chimney D
SG Chimney B
Dome 180° El. 16704 mm

Table 1: List of selected variables and related weights.

With reference to the FFT analysis of authorised pre-test calculations (ten of twelve
submissions), the obtained results can be summarised as follows:
• pressure predictions are characterised by AA values lower than the reference threshold (Eq.

(6)), identifying acceptable accuracy; in particular, it can be noted that roughly the totality
of calculations exhibit the same accuracy (AA values in the range 0.05 * 0.07, see Fig. 2);

• the same is applied to temperature predictions, whenever no threshold value was fixed for
the related accuracy; temperature results are characterised by a homogeneous level of
prediction by different codes for the dome and the steam generator compartments, whereas
a relevant spreading of results is observed for annulus type compartments and sump pump
cavity (sec Figure 3); this last behaviour is directly related to the modelling of the spray
influence in the various levels below the containment dome;

• helium distribution predictions pointed out major discrepancies together with higher
differences among the various code calculations. In particular, for the compartment 19 (i.e.
the cavity) the results are really unacceptable for the majority of the codes (see Figure 4)
that underestimate the He concentration, due to the fact that the cavity is not involved in
any natural circulation cycle; it is worth to remember that since they had to be calculated in
such a way to be independent from temperatures, they are representative of natural
circulation flows in the compartments.
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Figure 5 shows the comparison among four calculations using the same code (CONTAIN)
by four different users: this picture highlights the user effect in code utilisation. The overall
picture of the accuracy of the NUPEC pre-test code calculations, evaluated using the
weighting factors summarised in Table 1, is reported in Figure 6.

With reference to available post-test calculations, the FFT based method analysis,
performed in the same time window, confirms the better accuracy characterising these post-test
calculations, as a result of improved modelling of boundary conditions, changes in the
nodalisation and sensitivity analyses. The global accuracy for these calculations is presented in
Figure 7. It is worth to note that, the comparison between pre-test and post-test results for a
same participant (where data were available) generally shows better accuracy for the various
analysed quantities, and a global accuracy value of about one-half of the pre-test corresponding
value, thus confirming the better qualitative agreement characterising the post-test calculations.
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Figure 2: ISP 35 pre-test - AA vs 1/WF, pressure.
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Figure 3: ISP 35 pre-test - AA vs 1/WF, temperature in CV sump pump (node 2).
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Figure 4: ISP 35 pre-test - AA vs 1/WF, He concentration in cavity (node 19).
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Figure 5: ISP 35 pre-test - AAt<rt vs l/WFtot, CONTAIN code results.
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Figure 6: ISP 35 pre-test - AAtot vs 1/Wftot, global accuracy results (10 calculations).
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Figure 7: ISP 35 post-test - AAtot vs 1/Wftot, global accuracy results (4 calculations).

4. Conclusions
In this work, a method suitable to quantify the code accuracy has been presented, with

reference to its first application to containment code calculations, based on pre-test and post-
test calculations submitted in the framework of the OECD/ISP 35 (NUPEC). The obtained
results give objective indications about the capability of addressed codes in the prediction of
relevant quantities characterising this NUPEC test.

Assuming that the qualitative evaluation of the accuracy shows error compensations and
unacceptable discrepancies which could reduce or mislead the meaning of such a quantitative
analysis, the proposed method confirms its capability for a quantitative accuracy evaluation.
Nevertheless, concerning the global code calculation accuracy, further efforts might be
necessary to refine the values of the weighting factor components, to be utilised in further
containment analyses. The comparison between pre-test and post-test results for a same user
confirmed the method sensitivity in pointing out the better accuracy characterising the post-test
analyses, normally subsequent effect of "ad hoc" user choices.

As a further result, the classification of code calculations and the area of code prediction
capability, determined by an user's effect, is achievable by the FFT method in an objective way.
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